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Abstract

Background: Twin pregnancies carry significant fetal, perinatal and maternal risks. Thus, it is important to evaluate clinical outcomes
of in vitro fertilization with donor sperm (IVFD) in the first attempt with double cleavage-stage embryos and explore optimal number
of day 3 high-quality embryos for the blastocyst transfer on day 5. Methods: We retrospectively identified all IVFD embryo transfers
(IVFD-ETs) for the initial time between 2014 and 2021 at our hospital. We mainly analyzed the twin pregnancy rates for double day 3
embryo transfers and clinical outcomes of day 5 blastocyst transfers by prolonged culture with different numbers of day 3 high-quality
embryos. Results: Among 1512 IVFD-ETs, 834 were day 3 embryo transfers and 678 were day 5 blastocyst transfers. Our data indicated
that the twin pregnancy rates reached up to 40% in the 674 double cleavage-stage embryo transfers and it was not due to the quality of
the transferred embryos. For prolonged culture with 2, 3 and 4 day 3 high-quality embryos, the cycle rates of no high-quality blastocysts
obtained were 30.43%, 19.80% and 7.91%, respectively. The clinical pregnancy rates were 56.52%, 74.26% and 72.32%, respectively.
The twin pregnancies rates were 7.69%, 14.67% and 6.77%, respectively. Conclusions: Transferring double cleavage-stage embryos
had high risks of twin pregnancies in the IVFD-ETs. Blastocyst transfer was safe and recommended for the patients with three or more
high-quality embryos on day 3.
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1. Introduction
Infertility affects approximately 15% of couples. The

requirement of in vitro fertilization (IVF) treatments using
donor semen has gradually increased in recent years. In
China, treatments with donor sperm were mainly due to
azoospermia and intracytoplasmic sperm injection (ICSI)
failures.

It was increasingly believed that the singleton preg-
nancy was the only desirable outcome of assisted repro-
ductive technology. Nevertheless, the twin pregnancy rates
increased by 50–70% in the last three decades [1]. Twin
pregnancies carry significant fetal, perinatal and maternal
risks. The incidence of virtually each obstetrical complica-
tion was more frequent in multiple pregnancies. It has been
suggested that the norm be 1 embryo transferred at a time
[2].

Embryo quality is a significant factor for achieving a
live birth by assisted reproductive technology (ART). How-
ever, previous research has mainly focused on the effect of
oocyte quality on embryo quality. Recently, the onus for
improving embryo quality was also equally shared by the
quality of sperm [3]. In women undergoing IVF, the use of
donor sperm improved pregnancy outcomes as compared
to those using partner sperm. One reason was that donor
sperm had better sperm quality compared to partner sperm.
Alternatively, the proportion of women who had fertility
problems was lower in IVF with donor sperm (IVFD) com-

pared with conventional IVF cycles. There was a high risk
of twin pregnancies if double embryos were transferred in
the IVFD embryo transfers (IVFD-ETs). Therefore, the aim
of this study was to explore the clinical outcomes of IVFD-
ETs with double cleavage-stage embryos and identify op-
timal number of day 3 high-quality embryos for prolonged
culture to the blastocyst-stage.

2. Materials and Methods
2.1 Study Design and Participants

This study included 1512 IVFD-ETs for the initial
transfer from January 2014 to January 2021 at Northwest
Women’s and Children’s Hospital. Eight hundred thirty-
four were cleavage-stage embryo transfer which included
six hundred seventy-four double embryo transfers. Dou-
ble embryo transfers were assigned into the D3-DET-HH
group (transfer of day 3 two high-quality embryos; n = 200),
D3-DET-HL (transfer of day 3 one high-quality and one
low-quality embryo; n = 98), and D3-DET-LL (transfer of
day 3 two low-quality embryos; n = 138) groups. Six hun-
dred seventy-eight were blastocyst transfers which included
76 embryo transfers with no high-quality blastocysts ob-
tained. The blastocyst transfers were assigned into the D5-
ET-2H group (transfers by extended culture to blastocyst-
stage with day 3 two high-quality embryos; n = 46), D5-ET-
3H (transfers by extended culture to blastocyst-stage with
day 3 three high-quality embryos; n = 101) and D5-ET-
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≥4H groups (transfers by extended culture to blastocyst-
stage with day 3 more than three high-quality embryos; n
= 531) groups. The inclusion criteria were as follows: (1)
women aged ≤38 years old; (2) first ovarian stimulation
cycle; (3) fresh embryo transfer. Exclusion criteria were as
follows: (1) endometriosis; (2) intrauterine adhesions; (3)
polycystic ovary syndrome (PCOS); (4) in vitromaturation
(IVM) cycle; (5) rescue ICSI cycle with donor sperm; (6) no
embryo available on day 3. This research was approved by
the ethics committee of NorthwestWomen’s and Children’s
Hospital (No. 2022007).

2.2 Stimulation Protocol
The controlled ovarian hyperstimulation (COH) was

described previously [4]. Notably, recombinant follicle-
stimulating hormone (FSH) or urinary FSH and/or human
menopausal gonadotropins were used with daily doses be-
tween 100 and 450 IU based on patients’ characteristics as
calculated previously [4].

2.3 Sperm Preparation and IVFD Procedure
Donor’s semen samples were obtained from Shaanxi

Province Human Sperm Bank. The general procedures for
donor recruitment, sperm freezing, and selection of recip-
ients were in accordance with the standards of National
Health and Family Planning Commission (NHFPC) of the
People’s Republic of China. The semen parameters for
donors before freezing are: volume ≥2.0 mL, concentra-
tion ≥60 million/mL, progressive motility ≥60%, normal
sperm morphology ≥70%; and after thawing are: concen-
tration ≥15 million/mL, progressive motility ≥32%, nor-
mal sperm morphology ≥4% [5]. Conventional IVF was
performed 39–41 h after human chorionic gonadotropin
(hCG) injection and each oocyte was incubated with a con-
centration of 50,000 motile sperm/mL.

2.4 Embryo Assessment
After 64 to 68 h of culture, the cleavage-stage em-

bryos were scored according to homogeneous degree of
blastomeres, the number of blastomeres and embryo frag-
mentation. The high-quality cleavage-stage embryos were
graded I and II. The available cleavage-stage embryos were
graded I, II, and III [6]. The blastocyst-stage embryos were
scored according to the stage of development from 1 to 6,
the grade of the inner cell mass and the trophectoderm [7].
The high-quality blastocyst was graded ≥3BB.

2.5 Embryo Transfer (ET) and Pregnancy Confirmation
Patients was given 60 mg progesterone (Xianju Phar-

maceutical Co., Ltd., Taizhou, Zhejiang, China) by intra-
muscular injection or 600 mg progesterone of vaginal mi-
cronized daily post embryo transfer. An ET catheter (Cook,
Limerick, Ireland) was utilized to place the embryos with
the guidance of transabdominal ultrasound. To increase the
success rate of embryo placement, the mucus in the cervi-

cal os was cleaned in advance with a cotton swab soaked in
warm and humid saline. Luteal support was provided for
all patients after ET. Clinical pregnancy was characterized
as the presence of an intrauterine gestational sac on ultra-
sonography during the first trimester. Ongoing pregnancy
was defined as a clinical pregnancy that continued for at
least 12 weeks.

2.6 Statistical Analysis
Statistical analysis between groups in the case of

continuous variables was performed with Student’s t test
for data with normal distribution. Non-parametric Mann-
Whitney U-test was performed for data with skewed dis-
tribution. Statistical analysis between groups in the case of
categorical variables was expressed as number and percent-
age and Chi-square test or Fisher exact test was performed.
Forward logistic regression analysis was performed to de-
termine the risk factors for twin pregnancy. The statistical
analysis was performed with SPSS version 23 (IBM Corp.,
Armonk, NY, USA). p < 0.05 were considered statistically
significant.

3. Results
3.1 Study Design

The study flow chart is shown in Fig. 1. After exclud-
ing subjects with various factors, 1512 women underwent
IVFD-ETs for the initial time during the study period. Eight
hundred thirty-four were cleavage-stage embryo transfers
which included 674 double embryo transfers. Six hundred
seventy-eight were blastocyst-stage embryo transfers which
included 76 embryo transfers with no high-quality blasto-
cysts obtained.

3.2 Baseline Characteristics and Clinical Outcomes of
Single Day 3 Embryo Transfers

Our data showed no significant differences in the as-
pects of female age, body mass index (BMI), basal FSH
value and endometrial thickness between D3-SET-H (trans-
fer of day 3 single high-quality embryos) and D3-SET-L
(transfer of day 3 single low-quality embryos groups) (p >

0.05). The number of retrieved oocytes was significantly
higher in the D3-SET-H group than that in the D3-SET-L
group (7.00 ± 4.03 versus 5.57 ± 3.2; p < 0.05). The clin-
ical pregnancy (53.85% versus 28.57%; p < 0.05), ongo-
ing pregnancy (50.00% versus 28.57%; p < 0.05) and live
birth (49.04% versus 26.79%; p < 0.05) rates were signif-
icantly higher after transferring single day 3 high-quality
embryos than transferring single day 3 low-quality embryos
(Table 1).

3.3 Baseline Characteristics and Clinical Outcomes of
Double Day 3 Embryo Transfers

The twin pregnancy rates at the initial transfer with
double cleavage-stage embryos reached 41.38% in the
IVFD-ETs (Fig. 2). The number of retrieved oocytes was
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Fig. 1. Study flow chart. IVFD, in vitro fertilization with donor sperm; ET, embryo transfer; PCOS, polycystic ovary syndrome; ICSI,
intracytoplasmic sperm injection; D3-DET-HH, transfer of day 3 two high-quality embryos; D3-DET-HL, transfer of day 3 one high-
quality and one low-quality embryo; D3-DET-LL, transfer of day 3 two low-quality embryos; D5-ET-2H, transfers by extended culture
to blastocyst-stage with day 3 two high-quality embryos; D5-ET-3H, transfers by extended culture to blastocyst-stage with day 3 three
high-quality embryos; D5-ET-≥4H, transfers by extended culture to blastocyst-stage with day 3 more than 3 high-quality embryos.

significantly higher in the D3-DET-HH group than that in
the D3-DET-HL and D3-DET-LL groups (9.99 ± 3.90 ver-
sus 8.38 ± 4.29 and 8.64 ± 4.07; p < 0.05). The clinical
pregnancy rate of the D3-DET-HH, D3-DET-HL and D3-
DET-LL groups was 75.00%, 64.77% and 50.51% which
showed significant differences among the three groups
(p < 0.05). The D3-DET-HH and D3-DET-HL groups
showed significantly higher ongoing pregnancy (68.75%
and 62.50% versus 46.46%; p < 0.05) and live birth
(65.50% and 59.66% versus 45.45%; p < 0.05) rates than
D3-DET-LL group. The twin pregnancy rates were compa-
rable among the three groups (40.67% versus 41.23% ver-
sus 46.00%; p > 0.05) (Table 2). Potential factors were
entered as independent variables in the multivariate logistic
regression analysis for twin pregnancies and we observed
that no risk factor was independently associated with twin
pregnancies (Table 3).

3.4 Baseline Characteristics and Clinical Outcomes of
Blastocyst-Stage Embryo Transfers

The patients in the D5-ET-2H groupwere significantly
older (29.89± 3.94 versus 28.78± 3.57; p< 0.05) and had

Fig. 2. Proportion of twin pregnancies at initial embryo trans-
fer with double cleavage-stage embryos in the IVFD cycles.

higher basal FSH value (7.77 ± 3.78 versus 6.84 ± 2.58; p
< 0.05) than those inD5-ET-≥4H group. Themean number
of retrieved oocytes of D5-ET-2H, D5-ET-3H and D5-ET-
≥4H groups was 7.83, 9.23 and 12.15, which demonstrated
significant differences among the three groups (p < 0.05).
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Table 1. Baseline characteristics and clinical outcomes of the study population.
Parameter D3-SET-H D3-SET-L p

No. transfers 104 56 /
Female age (years) 30.16 ± 4.29 29.32 ± 4.24 0.237
BMI (kg/m2) 22.72 ± 3.73 22.44 ± 3.19 0.811
Basal FSH (mIU/mL) 7.45 ± 2.39 8.20 ± 3.56 0.385
No. of retrieved oocytes (n) 7.00 ± 4.03* 5.57 ± 3.22* 0.024
Endometrial thickness (mm) 11.89 ± 2.24 11.84 ± 2.64 0.862
Clinical pregnancy (%, n) 53.85% (56/104)* 28.57% (16/56)* 0.002
Ongoing pregnancy (%, n) 50.00% (52/104)* 28.57% (16/56)* 0.009
Live birth (%, n) 49.04% (51/104)* 26.79% (15/56)* 0.006
D3-SET-H, transfer of day 3 single high-quality embryos; D3-SET-L, transfer of
day 3 single low-quality embryos; BMI, body mass index; FSH, follicle-stimulating
hormone; *significantly different.

Table 2. Baseline characteristics and clinical outcomes of the study population.
Paramater D3-DET-HH D3-DET-HL D3-DET-LL p

Number of transfers 400 176 98 /
Maternal age (years) 28.94 ± 4.00 29.24 ± 4.49 29.14 ± 4.65 0.674
BMI (kg/m2) 21.92 ± 2.99 21.64 ± 2.70 22.03 ± 3.15 0.231
Total Gn dosage (IU) 2214.94 ± 822.16a 2439.06 ± 945.01a 2381.38 ± 869.67 0.004
Stimulation duration (days) 10.35 ± 2.17 10.25 ± 2.06 10.35 ± 1.83 0.617
FSH (mIU/mL) 6.97 ± 2.23 7.37 ± 2.83 7.44 ± 2.94 0.070
Number of oocytes retrieved (n) 9.99 ± 3.90a,b 8.38 ± 4.29a 8.64 ± 4.07b <0.001
Endometrial thickness (mm) 11.80 ± 2.78 11.89 ± 2.22 11.79 ± 2.02 0.626
Clinical pregnancy (%, n) 75.00 (300/400)a,b 64.77 (114/176)a,c 50.51 (50/99)b,c <0.001
Twin pregnancies (%, n) 40.67 (122/300) 41.23 (47/114) 46.00 (23/50) 0.479
Ongoing pregnancy (%, n) 68.75 (275/400)a 62.50 (110/176)b 46.46 (46/99)a,b <0.001
Live birth (%, n) 65.50 (262/400)a 59.66 (105/176)b 45.45 (45/99)a,b <0.001
aversus a, b versus b, c versus c were significantly different. Gn, gonadotropin.

Table 3. Multivariate logistic regression analysis of risk
factors for twin pregnancies.

OR 95% CI p

Age (years) 0.981 0.933–1.031 0.450
BMI (kg/m2) 1.026 0.960–1.096 0.447
Total Gn dosage (IU) 1.000 1.000–1.000 0.770
Gn stimulation (days) 1.024 0.912–1.150 0.688
Basal FSH (mIU/mL) 1.020 0.938–1.109 0.641
No. of retrieved oocytes (n) 0.979 0.930–1.030 0.415
OR, odds ratio; 95% CI, 95% confidence interval.

The patients in the D5-ET-≥4H group showed significantly
lower cycle rate of inadequate blastocyst than that in theD5-
ET-2H and D5-ET-3H groups (7.91% versus 30.43% and
19.80%; p < 0.05). The patients in the D5-ET-2H group
showed a significantly lower clinical pregnancy rate than
that in the D5-ET-3H and D5-ET-≥4H groups (56.52% ver-
sus 74.26% and 72.32%; p< 0.05). The patients in the D5-
ET-3H group showed significantly higher twin pregnancy
rates than that in D5-ET-≥4H group (14.67% versus 6.67%;
p < 0.05). No significant difference was observed in the
ongoing pregnancy rate among the three groups (54.35%

versus 65.35% and 65.91%; p > 0.05). The patients in the
D5-ET-2H group showed significantly lower live birth rates
than those in the D5-ET-≥4H group (47.83% and 63.09%;
p < 0.05) (Table 4). For patients with two high-quality
embryos on day 3, the D3-DET-HH group showed signif-
icantly higher clinical pregnancy (75.00% versus 56.52%;
p < 0.05), twin pregnancies (40.67% versus 7.69%; p <

0.001), ongoing pregnancy (68.75% versus 54.35%; p <

0.05) and live birth (65.50% versus 47.83%; p< 0.05) rates
than the D5-ET-2H group (Fig. 3).

4. Discussion
In this research, our data revealed that the clinical

pregnancy rate was only 28.57% for single low-quality
cleavage-stage embryo transfer. Double embryo transfers
have been used to increase the live birth rate in conven-
tional IVF strategy. Thus, double cleavage-stage embryo
transfers were previously recommended to ensure ideal suc-
cess rate on day 3 in our center. The increased number of
transferred embryos was associated with a higher incidence
of multiple births. Multiple pregnancies increased the inci-
dence of low birth weight, perinatal mortality and congen-
ital malformations [8].
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Table 4. Baseline characteristics and clinical outcomes of the study population.
Paramater D5-ET-2H D5-ET-3H D5-ET-≥4H p

No. transfers 46 101 531 /
Female age (years) 29.89 ± 3.94a 29.54 ± 3.43 28.78 ± 3.57a 0.047
BMI (kg/m2) 24.73 ± 3.74 22.18 ± 2.91 22.38 ± 3.15 0.710
Basal FSH (mIU/mL) 7.77 ± 3.78a 7.33 ± 2.07 6.84 ± 2.58a 0.027
No. of retrieved oocytes (n) 7.83 ± 4.00a,b 9.23 ± 3.72a,c 12.15 ± 3.70b,c <0.001
Endometrial thickness (mm) 12.10 ± 2.72 11.87 ± 2.56 12.05 ± 2.50 0.917
No high-quality blastocyst obtained (n, %) 30.43 (14/46)a 19.80 (20/101)b 7.91 (42/531)a,b <0.001
Clinical pregnancy (%, n) 56.52 (26/46)a,b 74.26 (75/101)a 72.32 (384/531)b 0.023
Twin pregnancy (%, n) 7.69 (2/26) 14.67 (11/75)a 6.77 (26/384)a 0.022
Ongoing pregnancy (%, n) 54.35 (25/46) 65.35 (66/101) 65.91 (350/531) 0.115
Live birth (%, n) 47.83 (22/46)a 60.40 (61/101) 63.09 (335/531)a 0.041
aversusa, b versusb, c versusc were significantly different.

Fig. 3. Clinical outcomes of the study population.

It has been reported that pregnancies conceived with
donor sperm had a lower odds of early pregnancy loss and
ectopic pregnancy compared to pregnancies conceived with
partner sperm [9]. Bortoletto et al. [10] indicated that the
women using donor sperm were more likely to have a live
birth than those using their partner’s sperm. Thus, multi-
ple births are more likely to occur in the IVFD-ETs than
conventional IVF-ETs when double embryos were trans-
ferred. A recent meta-analysis indicated that single blasto-
cyst transfer was associated with higher clinical pregnancy
and live birth rates compared to single cleavage-stage em-
bryo transfer [11]. Therefore, it is important to evaluate
clinical outcomes of double cleavage-stage embryo trans-
fers and identify optimal number of high-quality cleavage-
stage embryos for extended culture to blastocyst-stage in
the IVFD-ETs.

Our data indicated that clinical pregnancy and live
birth rates were significantly improved by adding an ex-
tra high or low-quality embryo on day 3. However, the
risks of multiple pregnancies were also increased. Previ-
ous research also showed that the transfer of an extra poor
quality embryo might increase the incidence of a multiple

pregnancy [12,13]. We further analyzed the risk factors for
twin pregnancies. Petanovski et al. [14] demonstrated that
increased BMI and older age had negative impacts on preg-
nancy outcomes. High serumFSHwas associatedwith low-
quality oocyte formation and a reduced pregnancy rate [15].
Martin et al. [16] indicated it existed a significant negative
correlation between gonadotrophin requirements and preg-
nancy rates. Ovarian stimulation was considered as a risk
factor for poor clinical outcomes. Earlier studies indicated
that it could impact ideal delivery rates after fresh transfers
when the number of retrieved oocytes was between 6 and 15
[17,18]. Nevertheless, we observed that none of these risk
factors was independently associated with twin pregnancies
in the IVFD-ETs.

Multiple births could be effectively reduced by trans-
ferring a single blastocyst [19]. It carried a risk of absent
blastocyst formation if extended culture to blastocyst-stage
was performed. The blastocyst formation could be affected
by various factors. Janny et al. [20] showed that the blas-
tulation rate decreased due to a high incidence of embryo
arrest at morula stage in patients above age 30. Mean-
while, the number of high-quality cleavage-stage embryos
was also one of the key determinants of achieving the ideal
number of blastocysts. Thus, it was worth considering the
optimal number of day 3 high-quality embryos for blasto-
cyst transfer in the IVFD cycles.

It has been reported that the blastocyst transfers were
associated with high implantation rate and low multiple
births rate [21]. Nevertheless, it was difficult to predict that
the blastocysts could be formed. Rijnders et al. [22] con-
cluded that evaluation of day 3 embryo morphology had
limited predictive value for subsequent blastocyst forma-
tion. It has been reported that the blastulation rate was im-
paired when the embryo morphology was compromised on
day 3 [22]. Braga et al. [23] demonstrated that transferring
poor cleavage-stage embryos was a better option than trans-
ferring embryos at the blastocyst-stage. Thus, it should be
careful in recommending the strategy of blastocyst culture
for some patients.
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Our data showed that the cycle rate of poor quality
blastocyst obtained was beyond 30% for cycles with only
two good D3 embryos. For such patients, extended cul-
ture and blastocyst-stage embryo transfers had negative ef-
fects on the clinical outcomes compared with cleavage-
stage embryo transfers, although the twin pregnancy rate
was significantly decreased. We observed that the clini-
cal outcomes were comparable either by transferring sin-
gle cleavage-stage high-quality embryo or culturing the em-
bryos to D5 for transfer with two good D3 embryos. For
cycles with ≥3 high-quality D3 embryos, transferring em-
bryos on D5 were associated with ideal clinical outcomes
and significantly decreased the incidence of multiple births.

In conclusion, for patients with≥3 day 3 high-quality
embryos, blastocyst transfers were recommended in the
IVFD-ETs. For patients with only two day 3 high-quality
embryos, single day 3 high-quality embryo transfer was
recommended and surplus embryos underwent prolonged
cultured to blastocyst-stage. We suggest that a prospective
study is needed to further confirm our findings.

5. Conclusions
Our study demonstrated that transferring double

cleavage-stage embryos had a high risk of twin pregnan-
cies in the IVFD-ETs. Blastocyst transfer was safe and rec-
ommended for the patients with three or more high-quality
embryos on day 3.
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