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Abstract

Background: The impact of previous embryo transfer failure on pregnancy outcomes following assisted reproductive technology (ART)
treatments remains unclear. Thus, this study aimed to compare pregnancy outcomes between elective single blastocyst transfer (SBT)
and double high-quality cleavage embryo transfer (DC-ET) after failure with SBT in the first embryo transfer cycle. Methods: A total of
263 women who underwent a second frozen-thawed embryo transfer (FET) after failure with the SBT in the first embryo transfer cycle,
from January 1, 2021 to December 31, 2023 at the Reproductive Medical Center of Peking University Shenzhen Hospital, were included.
Patients were divided into the DC-ET and SBT groups based on the number and developmental stage of the embryos transferred. Clinical
characteristics and pregnancy outcomes, including clinical pregnancy rate, live birth rate, embryo implantation rate, multiple pregnancy
rate, and pregnancy loss rate, were retrospectively analyzed. Results: Baseline characteristics were similar between the DC-ET (n =
122) and SBT (n = 141) groups. However, the number of available blastocysts was significantly lower in the DC-ET group, as fewer
embryos underwent blastocyst culture, whereas the implantation rate was significantly higher in the SBT group than in the DC-ET group
(48.94% vs. 30.74%; p < 0.001, adjusted p = 0.002; odds ratio (OR): 2.023, 95% confidence interval (CI): 1.300-3.149). However, no
differences were observed in clinical pregnancy rate, live birth rate, or pregnancy loss rate between the groups. The multiple pregnancy
rate was significantly lower in the SBT group than in the DC-ET group (2.90% vs. 20.63%; adjusted p = 0.007; OR: 0.113, 95% CI:
0.023-0.549). Conclusions: SBT results in similar pregnancy outcomes as DC-ET but carries a lower risk of multiple pregnancy after
failure with SBT.
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1. Introduction a prognostic factor for poor outcomes in models predicting
embryo transfer success [4]. Repeated treatments also in-
crease patients’ economic burden and psychological stress.
Thus, efforts should be made to reduce the likelihood of re-
peated failures before or during the next embryo transfer
after an initial failure. In good-prognosis patients without
risk factors related to the endometrium, metabolic or en-
docrinologic disorders, or immunological disease, embryo-
related factors become the primary consideration after the
first failed frozen-thawed embryo transfer [5]. Regard-
ing embryo selection, unlike repeated implantation failure

Various factors affecting the outcomes and safety of
assisted reproductive technology (ART) have gained in-
creasing attention with the widespread application of this
technique. Previous unsuccessful ART treatments may in-
fluence the outcomes of subsequent embryo transfer cycles,
as reported in several observational studies. For example,
an unsuccessful ART cycle has been associated with de-
creased odds of ongoing implantation [1]. McLernon et al.
[2] developed a predictive model estimating the chances of

live birth over multiple complete cycles using population
data from 113,873 women. They found that the chance of
live birth was 21% lower after two unsuccessful in vitro
fertilization (IVF) treatments compared with one, and 56%
lower after six unsuccessful IVF treatments than one un-
successful IVF treatment. External validation of this model
using updated UK data between January 2010 and Decem-
ber 2016 reached similar conclusions [3]. In addition, the
number of previous failed treatments has been identified as

cases where clinicians often recommend preimplantation
genetic screening for aneuploidy, in the second transfer cy-
cle following an initial failure, both doctors and patients
tend to focus on embryo developmental stage and number.
Increasing the number of embryos transferred may improve
the chances of pregnancy in subsequent treatments. In clin-
ical practice, infertile couples often choose double embryo
transfer after failure with single embryo transfer, in consul-
tation with their physicians.
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1560 women aged 20-39 who had undergone the first
IVF/ICSI cycle with all embryos frozen (at least two
high-quality cleavage embryos and two blastocysts)

8 Repeated pregnancy loss

Excluded 766

24 Abnormal uterine structure

31 Intrauterine adhesions

28 Adenomyosis

17 Hypothalamic amenorrhea or other

endocrine abnormalities
658 Non single blastocyst transfer in the
first FET cycle

blastocyst transfer

794 women had been performed first FET with single

Excluded 531

414 succeeded in the first FET cycle
117 have been transferred two

blastocysts or one cleavage embryo in
the second FET cycle

263 women included

141 have been transferred one
blastocyst

122 have been transferred double
high-quality cleavage embryos

Fig. 1. Flowchart of the cohort. IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; FET, frozen-thawed embryo transfer.

Elective single blastocyst transfer (eSBT) has been
recommended in ART to improve outcomes while mini-
mizing the risk of multiple pregnancy [6]. Several interna-
tional professional organizations, including American Soci-
ety for Reproductive Medicine (ASRM) and European So-
ciety of Human Reproduction and Embryology (ESHRE),
have issued related guidelines [7-9]. Meta-analyses of indi-
vidual patient data from randomized trials have shown that
elective single embryo transfer is associated with a higher
chance of term singleton live birth compared with double
embryo transfer [10]. As blastocyst culture has become
more common as a selection method, the adoption of eSBT
has increased. However, extended culture carries the risk
of having no available embryos if none develop into blasto-
cysts. Although this outcome indicates low developmental
potential, it results in loss of time and financial resources
for patients. To mitigate this, embryologists often recom-
mend freezing two high-quality cleavage-stage embryos as
a backup in case blastocyst culture fails. This raises the
question of which type of embryo should be transferred af-
ter failure of an initial eSBT.

ART has significantly contributed to the global in-
crease in multiple pregnancies [11-13]. Although the rate
of multiple births has reduced in recent years owing to sin-
gle embryo transfer and advancements in IVF techniques
[14], the twin pregnancy rate remains high, due to non-
adherence to the guideline recommending elective single
embryo transfer (eSET) [15]. Many patients who insist on
multiple embryo transfer are unaware of the risks associated
with multiple pregnancy, including preterm birth, low birth
weight, preeclampsia, gestational diabetes, placental abrup-
tion, intrauterine growth restriction, and perinatal mortal-
ity [16,17]. Furthermore, the risk of ectopic pregnancy

increases with the number of embryos transferred, up to
20-fold [18]. Singleton pregnancies following double em-
bryo transfer (DET) are also associated with higher risks of
neonatal death and low birthweight compared with single-
ton pregnancies after SET in frozen embryo transfer cycles
[19]. Additionally, twin pregnancies conceived through
ART have higher risks than naturally conceived twin preg-
nancies [17]. Thus, reducing the number of embryos trans-
ferred in ART is essential.

In clinical practice, when an eSET fails, patients and
clinicians often choose to transfer two cryopreserved em-
bryos in the next cycle to increase the likelihood of suc-
cess. However, it remains uncertain whether transferring
two high-quality cleavage-stage embryos improves preg-
nancy outcomes compared with eSBT, and whether this
strategy increases the risk of multiple pregnancy. There-
fore, this study aimed to evaluate the outcomes of frozen-
thawed embryo transfer (FET) cycles in patients who failed
to conceive after an initial eSBT cycle and subsequently un-
derwent either double vitrified-warmed high-quality cleav-
age embryo transfer (DC-ET) or eSBT, with a focus on
comparing clinical pregnancy and multiple pregnancy rates.

2. Materials and Methods
2.1 Patients

We included patients aged 20-39 years who had un-
dergone their first IVF or intracytoplasmic sperm injec-
tion (ICSI) cycle with all embryos frozen at the Reproduc-
tive Centre of Peking University Shenzhen Hospital, Shen-
zhen, China, between January 1, 2021, and December 31,
2023. Their frozen embryos included at least two blasto-
cysts as well as double cleavage-stage embryos. Patients
who had a single high-quality blastocyst transferred in the
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first FET cycle but failed to achieve pregnancy were in-
cluded. We excluded patients who had undergone preim-
plantation genetic testing (PGT) and those diagnosed with
recurrent pregnancy loss, abnormal uterine structure, in-
trauterine adhesions, adenomyosis, hypothalamic amenor-
rhea, or other endocrine abnormalities, as well as those lost
to follow-up. The inclusion and exclusion details of the an-
alyzed cohort are shown in Fig. 1.

A total of 263 infertile women met the above criteria.
Among them, 141 patients underwent transfer of one blasto-
cyst, while 122 patients underwent transfer of two cleavage-
stage embryos in the second FET cycle. This study was
conducted in accordance with the principles of the Decla-
ration of Helsinki. A waiver of informed consent was ob-
tained for this study because it did not disclose any per-
sonal or identifying patient information and posed no risk
to the participants. Approval was granted by the Research
Ethics Committee of Peking University Shenzhen Hospi-
tal(approval number: 2024-133).

2.2 Stimulation Protocol, IVF/ICSI, and Embryo Culture

The ovarian stimulation protocols for fresh cycles,
from which vitrified-warmed embryos were obtained, were
as follows. Gonadotropin dosing was individualized and
adjusted according to ovarian response. Human chori-
onic gonadotropin (hCG; 5000-10,000 IU; Livzon, Zhuhai,
Guangdong, China) was administered to trigger final oocyte
maturation when at least two follicles reached 18 mm in
diameter. Transvaginal oocyte retrieval was scheduled 36
hours later. Fertilization was performed using conventional
IVF or ICSI, and all embryos were cryopreserved via vitri-
fication. Cleavage-stage embryo morphology was assessed
on day 3 after oocyte retrieval. Embryos were graded ac-
cording to criteria described in our previous work [20]. A
good-quality cleavage embryo was defined as one consist-
ing of seven to nine symmetrical blastomeres with <20%
fragmentation in day 3 after fertilization. Blastocyst mor-
phology was assessed on day 5 or 6 after oocyte retrieval ac-
cording to the Gardner grading system. A high-quality blas-
tocyst was defined as one with an expansion grade of >3
(expanded to hatched blastocyst), an inner cell mass grade
of A or B, and a trophectoderm grade of A or B (i.e., 3BB or
better). All included patients received transfer of either one
high-quality blastocyst or two high-quality cleavage-stage
embryos.

2.3 Frozen-Thawed Embryo Transfer

Endometrial preparation before FET was performed
using a natural cycle for patients with regular menses or hor-
mone replacement therapy (HRT) for those with irregular
cycles. In a natural cycle, transvaginal ultrasound was per-
formed from day 10 of the menstrual cycle to confirm follic-
ular selection. When the dominant follicle reached 14 mm,
patients were instructed to monitor urinary luteinizing hor-
mone (LH) daily. Serum levels of LH, estrogen, and pro-
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gesterone were measured after urinary LH surge detection
or when the dominant follicle reached 18 mm. Transvagi-
nal ultrasound was continued daily until ovulation. In HRT
cycles, oral estradiol (2 mg twice daily; Progynova, Bayer,
Leverkusen, Saxony, Germany) was initiated on day 3 of
the cycle. When the endometrial thickness reached 8 mm,
luteal support was provided with either a 60 mg intramuscu-
lar injection of progesterone in oil or vaginal progesterone
gel (Crinone, Merck Serono, Geneva, Canton of Geneva,
Switzerland), combined with oral dydrogesterone (Duphas-
ton, Abbott, Chicago, IL, USA) 10 mg twice daily. In some
patients with irregular cycles, an ovulation stimulation pro-
tocol was used. In these cases, a low dose of gonadotropin
or letrozole was administered to stimulate follicular devel-
opment. Transvaginal ultrasound was performed to moni-
tor follicular growth and ovulation. hCG was administered
when the dominant follicle reached >18 mm without spon-
taneous ovulation.

Cleavage-stage embryos were transferred on the
fourth day after progesterone initiation or the third day af-
ter ovulation. Blastocysts were transferred on the sixth day
after progesterone initiation or the fifth day after ovulation.
All transfers were performed under transabdominal ultra-
sound guidance.

2.4 Outcome Measures and Definitions

Serum B-hCG was measured 12-14 days after em-
bryo transfer (12 days for blastocysts, 14 days for cleavage-
stage embryos). Pregnancy was confirmed if serum S-hCG
was >10 mIU/mL. Clinical pregnancy was defined as the
presence of one or more intrauterine gestational sacs on
transvaginal ultrasonography at 7 weeks of gestation. On-
going pregnancy was defined as a clinical intrauterine preg-
nancy beyond 20 weeks of gestation. Early pregnancy loss
was defined as loss of a clinical intrauterine pregnancy be-
fore 12 weeks of gestation. All pregnancies were followed
until delivery by the staff of our reproductive center.

2.5 Statistical Analysis

The primary outcome of this study was the clinical
pregnancy rate. Secondary outcomes included implanta-
tion rate, live birth rate, pregnancy loss rate, and multiple
pregnancy rate. Clinical pregnancy rate was defined as the
proportion of cycles with a confirmed gestational sac and
fetal heartbeat at 7 weeks among all FET cycles. Implan-
tation rate was calculated as the number of gestational sacs
divided by the total number of embryos transferred. Preg-
nancy loss rate was defined as the number of pregnancy
losses divided by the number of cycles with confirmed clini-
cal pregnancy. Live birth rate was defined as the proportion
of cycles resulting in live birth among all FET cycles. Mul-
tiple pregnancy rate was defined as the proportion of cycles
with more than one fetal heartbeat at 7 weeks among cycles
with confirmed clinical pregnancy.
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Table 1. Baseline characteristics of oocyte retrieval cycle between DC-ET group and SBT group.

Group DC-ET SBT p-value
N 122 141
Female age (years) 31.58 £3.74 32.49 +3.89 0.056
Male age (years) 33.62 +4.30 34.01 + 4.56 0.477
BMI (kg/m?) 21.37 +£3.43 21.40 +3.02 0.958
Duration of infertility (years) 3.57 £2.26 3.87 +2.69 0.322
Primary infertility, n (%) 73 (59.84) 75 (53.12) 0.279
Antral follicle count 16 (12, 20) 16 (10, 20) 0.640
Basal FSH (IU/L) 7.80 £3.45 7.58 £2.11 0.235
Basal LH (IU/L) 520 £3.21 5.70 £ 3.77 0.260
Basal E2 (ng/mL) 35.61 +£14.27 36.03 £+ 16.26 0.825
AMH (ng/mL) 4.37 +2.66 4.87 +3.47 0.208
COS protocols, n (%) 0.128
GnRH-agonist 47 (38.52) 42 (29.79)
GnRH-antagonists 66 (54.10) 93 (65.96)
Other protocols 9(7.38) 6 (4.25)
Level of E5 on the day of hCG (pg/mL) 3297.34 + 1891.91  3420.27 £ 1717.42 0.592
ICSI fertilization, n (%) 39 (32.97) 43 (30.50) 0.628
COS cycle
Number of oocytes retrieved 18 (13,24) 16 (12, 24) 0.804
Number of matured oocytes 17 (12, 20) 14 (10, 21) 0.830
Number of available cleavage embryos 11 (9, 15) 10 (7, 16) 0.508
Number of available blastocysts 3(2,6) 5(3,98) 0.001

DC-ET, double cleavage embryo transfer; SBT, single blastocyst transfer; AMH, anti-Miillerian hor-

mone; BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteum hormone; Es, estrogen;

hCG, human chorionic gonadotropin; ICSI, intracytoplasmic sperm injection; COS, controlled ovar-

ian stimulation; GnRH, gonadotropin-releasing hormone; N, number.

Continuous variables are expressed as mean + stan-
dard deviation when normally distributed or as median with
interquartile range when not normally distributed. Categor-
ical variables are presented as n (%). Normality of continu-
ous variables was assessed with the Kolmogorov-Smirnov
test. Group comparisons for continuous variables were per-
formed using the independent-sample #-test if data were
normally distributed with equal variances; otherwise, the
Mann-Whitney U test was applied. The chi-square test was
used to compare categorical variables. All statistical tests
were two-tailed. Binary logistic regression was used to cal-
culate adjusted p values for pregnancy outcomes. Analy-
ses were conducted using SPSS version 29.0 (International
Business Machines Corporation, Amonk, NY, USA). A p-
value < 0.05 was considered statistically significant.

3. Results

Baseline characteristics of oocyte retrieval cycle are
shown in Table 1. There were no significant differences
in mean maternal or paternal age, body mass index (BMI),
duration or type of infertility, basal follicle-stimulating hor-
mone (FSH), LH, estrogen (E5), antral follicle count, anti-
Miillerian hormone (AMH), or parameters of controlled
ovarian stimulation (COS) and fertilization protocols be-
tween the DC-ET and SBT groups. There were also no
significant differences in the total number of oocytes, the

number of mature oocytes available cleavage embryos, or
endometrial thickness on the day of embryo transfer be-
tween the two groups. However, the number of available
blastocysts was higher in the SBT group.

As the baseline characteristics of FET between DC-ET
group and SBT group, the female age at the time of embryo
transfer were slightly higher in SBT group, while the em-
bryo thawing survival rates, the endometrium preparation
protocols, the endometrial thickness on the day of embryo
transferred, were similar between the two groups (Table 2).

We then compared pregnancy outcomes between the
DC-ET and SBT groups (Table 3). The implantation rate
was significantly higher in the SBT group than in the DC-
ET group (48.94% vs. 30.74%, p < 0.001, adjusted p
=0.002, odds ratio (OR): 2.023, 95% confidence interval
(CI): 1.300-3.149). However, there were no significant dif-
ferences in clinical pregnancy rate (48.94% vs. 51.64%,
adjusted p = 0.083, OR: 0.550, 95% CI: 0.280-1.080),
live birth rate (39.00% vs. 39.34%, adjusted p = 0.220,
OR: 0.658, 95% CI: 0.337-1.284), or pregnancy loss rate
(18.84% vs. 20.63%, adjusted p = 0.892, OR: 1.076, 95%
CI: 0.373-3.106) between the two groups. In contrast, the
multiple pregnancy rate was significantly lower in the SBT
group (2.90% vs. 20.63%, adjusted p = 0.007, OR: 0.113,
95% CI: 0.023-0.549).

&% IMR Press


https://www.imrpress.com

Table 2. Baseline characteristics of FET between DC-ET group and SBT group.

Group DC-ET SBT p-value
n 122 141
Female age at the time of embryo transfer (years) 31.99 +£3.74 3299 +3.77 0.017
Embryo thawing survival rates 97.20% 97.33% 0.937
Endometrium preparation protocols, n (%) 0.676
Natural cycle 25 (20.49) 23 (16.31)
HRT 46 (37.71) 63 (44.68)
Ovulation stimulation cycle 34 (27.87) 37 (26.24)
GnRH-agonist-HRT 17 (13.93) 18 (12.77)
Endometrium thickness on the day of embryo transfer (mm) 10.28 + 1.88  10.30 +£2.07  0.944
HRT, hormone replacement treatment.
Table 3. Pregnancy outcomes between DC-ET group and SBT group.
Group DC-ET SBT p-value  Adjusted p-value OR (95% CI)
n 122 141
Implantation rate, n (%) 75(30.74) 69 (48.94) <0.001 0.002 2.023 (1.300, 3.149)
Clinical pregnancy, n (%) 63 (51.64) 69 (48.94)  0.662 0.083 0.550 (0.280, 1.080)
Live birth, n (%) 48 (39.34)  55(39.00)  0.955 0.220 0.658 (0.337, 1.284)
Multiple pregnancy, n (%) 13 (20.63) 2 (2.90) 0.001 0.007 0.113 (0.023, 0.549)
Pregnancy loss, n (%) 13(20.63) 13(18.84)  0.796 0.892 1.076 (0.373, 3.106)

OR, odds ratio; CI, confidence interval.

Binary logistic regression was used to calculate the adjusted p value and controlled for the female age at the time

of oocyte retrieval, anti-Miillerian hormone, body mass index, the number of available blastocysts, and number

of available cleavage embryos, female age at the time of embryo transfer, endometrium thickness on the day of

embryo transfer.

4. Discussion

This retrospective study showed no significant differ-
ences in pregnancy outcomes between eSBT and double
high-quality cleavage embryo transfer after failure of an
elective single vitrified-warmed blastocyst transfer cycle.
However, the multiple pregnancy rate was much lower af-
ter eSBT compared with double cleavage embryo transfer.
Therefore, eSBT appears to be the optimal choice in pa-
tients who have experienced failure in previous FET cycles.

Several studies have compared pregnancy outcomes
across cycles with different numbers of embryos trans-
ferred. A meta-analysis of eighty-five studies (14 random-
ized controlled trials and 71 observational studies) con-
cluded that in women younger than 40 years or in the pres-
ence of at least one high-quality embryo, single embryo
transfer should be incorporated into clinical practice [21].
Another study evaluating single- and double- elective em-
bryo transfers in oocyte donation cycles reported similar re-
sults [22]. However, it remains controversial how many
embryos should be transferred after initial failure of eSBT.

Only one related study, by Monteleone ef al. [23],
evaluated pregnancy outcomes in patients who failed to
conceive in fresh eSET cycles and subsequently underwent
either elective double vitrified-warmed blastocyst trans-
fer or elective single vitrified-warmed blastocyst transfer.
They reported similar pregnancy rates between the two
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groups but a higher multiple pregnancy rate in the double
transfer group (22.5% vs. 5.9%), consistent with our re-
sults. Accordingly, ESHRE guidelines recommend that the
decision to perform double embryo transfer instead of eSET
should not be based on the number of previous unsuccess-
ful ART treatments [8], given the significantly higher risk of
multiple pregnancies and associated obstetric and perinatal
complications. However, Monteleone ef al. [23] only in-
cluded blastocyst transfers, and the clinical pregnancy rate
in their fresh eSBT cycles was relatively low (24.8%), sug-
gesting that the study population may not have had good
prognoses, thus limiting the reliability of their findings. In
contrast, our results indicate that in patients with good prog-
nosis, eSBT is preferable to double high-quality cleavage
embryo transfer, as it reduces multiple pregnancy risk with-
out compromising pregnancy outcomes.

In our study, the implantation rate was significantly
lower in double cleavage embryo transfer, which is ex-
pected because some cleavage embryos fail to develop into
blastocysts. Extended embryo culture serves as a selection
process, which explains why clinical pregnancy and ongo-
ing pregnancy rates were similar between groups. Our find-
ings align with previous studies comparing double cleav-
age embryo transfer and SBT. Long ef al. [24] reported
no statistical difference in clinical pregnancy rates between
double cleavage embryo transfer and SBT, although the
live birth rate was slightly lower in the SBT group (23.0%
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vs. 29.0%; aOR: 0.78; 95% CI: 0.72-0.85). However, the
double cleavage embryo transfer group had higher risks of
twin births, preterm births, low birth weights, and small-
for-gestational-age infants. Similarly, Wei et al. [25] found
that transferring two high-quality 8-cell cleavage embryos
achieved comparable clinical pregnancy and live birth rates
to low-quality blastocysts but resulted in higher multiple
pregnancy rates. Several other studies reached similar con-
clusions [26,27], although they did not account for prior
FET failure. Given the significantly higher risk of multiple
pregnancies after double embryo transfer, we recommend
SBT in good-prognosis patients even after previous ART
failures. Furthermore, our findings suggest that freezing
two high-quality cleavage embryos may be unnecessary in
such patients, and extended blastocyst culture of all cleav-
age embryos should be considered. Gingold et al. [28] re-
ported that nonadherence to ASRM guidelines, which rec-
ommend eSET in patients with favorable prognoses, oc-
curred in 42%-45% of cases. This nonadherence resulted
in multiple live birth rates of around 40%, thereby increas-
ing maternal risk and healthcare costs [15,28]. Patient edu-
cation, as well as improved adherence by reproductive en-
docrinology and infertility specialists, may help increase
eSET uptake.

When selecting an embryo transfer strategy after ini-
tial failure, cost-effectiveness should also be considered.
The primary concerns are the costs of extended embryo cul-
ture versus those associated with complications from mul-
tiple pregnancies. A systematic review comparing double
embryo transfer with sequential SET [29] reported com-
parable cumulative live birth rates but significantly lower
multiple pregnancy risks with sequential SET, albeit with
longer treatment times. While sequential SET theoretically
increases treatment costs by requiring more cycles, the re-
duced complications from multiple pregnancies may oft-
set these expenses. In our study, the cost of extended em-
bryo culture was lower than the potential costs associated
with multiple pregnancy complications. Thus, extended
embryo culture is preferable to the risks of multiple preg-
nancy. However, patients must also be informed of the risk
that no embryos may remain available after extended cul-
ture, which could increase psychological stress.

This study has certain limitations. All data were de-
rived from a single fertility center, and the retrospective
design may have introduced confounding factors. There-
fore, caution is required when generalizing these findings
to broader populations with varied prognoses.

5. Conclusions

Single blastocyst transfer achieves similar pregnancy
outcomes as double, high-quality cleavage embryo transfer
but carries a lower risk of multiple pregnancies following
failed single blastocyst transfer. Larger prospective ran-
domized trials are needed to confirm these findings.
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