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Background: To assess sequential embryo transfer’s impact on clinical outcomes in frozen embryo transfer (FET) cycles for patients
with multiple transfer failures.

Methods: This retrospective cohort study encompasses 4,499 FET cycles involving double embryo transfers conducted at the
Reproductive Medicine Center of Nanjing Drum Tower Hospital from 2020 to 2023. Group analyses were performed based on the
type of transferred embryos (cleavage-stage embryos, blastocysts, and sequential embryo transfers) to assess the correlation between
sequential transfers and clinical pregnancy rates, live birth rates, and multiple pregnancy rates. Subgroup analysis focused on patients
with >3 prior failures. Multivariate logistic regression adjusted for confounders.

Results: Sequential transfer did not improve clinical pregnancy (aOR = 0.94, 95% CI: 0.67-1.32, p = 0.73) or live birth rates (aOR =
0.90, 95% CI: 0.65-1.23, p = 0.49) versus blastocyst transfer, but significantly reduced multiple pregnancies (aOR = 0.50, 95% CI:
0.34-0.75, p = 0.0008). Among patients with multiple failures, sequential transfer showed no significant association with clinical
pregnancy (aOR = 0.57, 95% CI: 0.29-1.11, p = 0.09) or live birth rates (aOR = 0.94, 95% CI: 0.49-1.81, p = 0.85), yet significantly
lowered multiple pregnancy odds (aOR = 0.30, 95% CI: 0.10-0.90, p = 0.03).

Conclusion: Sequential embryo transfer does not enhance clinical pregnancy or live birth rates in FET cycles, regardless of prior
failure history, but effectively reduces multiple pregnancy rates. For patients with >3 embryo transfer failures, it yields live birth rates
comparable to blastocyst transfer, representing a potentially advantageous option for this population.

Keywords: sequential embryo transfer, recurrent embryo transfer failure, frozen embryo transfer, live birth rate, multiple pregnancy
rate

Background

Since 1978, assisted reproductive technology (ART) has made rapid advancements, benefiting many infertile couples.'
However, the current embryo implantation rate fluctuates between 25-50%,% * and many patients experience multiple
embryo transfers without achieving their goal of childbirth. The repeated failures of embryo transfers impose
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psychological, physical, and financial stress on patients. This presents significant difficulties and challenges for clinicians
and embryologists. Improving the clinical pregnancy outcomes for patients who have experienced multiple transfer
failures poses a considerable challenge for both clinicians and embryologists.

Successful embryo implantation requires several essential conditions: high-quality embryos, a receptive endometrium,
and good synchronization between the embryo and the endometrium.’ It is currently believed that abnormalities in
endometrial receptivity are one of the main reasons for recurrent implantation failure (RIF).® In vivo studies in mice have
shown that embryos can induce improved endometrial receptivity.” In recent years, sequential transfer protocols have
gradually been applied to patients with recurrent transfer failures, where one cleavage-stage embryo is transferred first,
followed by a blastocyst transfer after a certain interval. The first sequential transfer was performed by Abramovici et al
in 1988, suggesting an increased probability of pregnancy.® Some studies indicate that sequential embryo transfer does
not improve clinical outcomes (live birth, miscarriages and multiple pregnancy) for RIF patients especially compared to

blastocyst transfer,” '

while other studies suggest that sequential embryo transfer may enhance clinical pregnancy and
live birth rates compared to transfers on day 3 or day 5.'*'® Thus, the therapeutic effect of sequential embryo transfer
remains controversial. Therefore, we conduct a retrospective study to analyze whether sequential transfer improves

clinical pregnancy outcomes for patients with recurrent transfer failures at our reproductive medicine center.

Methods

Patients

This retrospective study included patients who underwent frozen-thawed embryo transfer (FET) at the Reproductive
Medicine Center of Nanjing Drum Tower Hospital from January 2020 to July 2023. All patients received double embryo
transfers and were categorized into three groups: those undergoing double cleavage-stage embryo transfer, those under-
going double blastocyst transfer and those undergoing sequential embryo transfer (Figure 1). The study encompassed all
commonly utilized endometrial preparation protocols, including hormone replacement (HRT) cycles, modified natural
cycles (mNC), mild stimulation cycles, and simple gonadotropin (Gn) cycles. Prior to initiating the FET cycle, all
patients underwent a comprehensive preconception evaluation to identify and exclude any contraindications related to
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Figure | A flow chart of the inclusion and exclusion of patients.
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medication and pregnancy. The overall health status of the participants in this study was deemed normal. The exclusion
criteria for this study were as follows: (1) self-administration of additional medications; (2) presence of hydrosalpinx,
endometrial lesions, or abnormal uterine conditions (eg., uterine fibroids protruding into the uterine cavity, submucosal
fibroids, or uterine adhesions); (3) moderate to severe endometriosis or adenomyosis; (4) patients with chromosomal
karyotype abnormalities; and (5) patients who canceled the FET cycle for various reasons. All participants provided
written informed consent for the utilization of their anonymized medical records for research purposes. This study
received approval from the Ethics Committee of Nanjing Drum Towe Hospital (Approval No. 2021-384-01).

Endometrial Preparation and Thawed Embryo Transfer
The FET cycles for the patients in this study utilized several commonly employed endometrial preparation protocols at
our center.

HRT: Patients commenced oral estradiol (Femoston, Abbott, USA) on the second day of their menstrual cycle, taking
2 mg three times daily for a duration of 14 days. Serum estradiol (E,) and progesterone (P) levels, along with endometrial
thickness, were monitored throughout this period. At the appropriate time, oral estradiol was combined with dydroges-
terone tablets (Femoston, 2 mg estradiol and 10 mg dydrogesterone, taken three times daily for 5 to 6 days), accompanied
by a daily intramuscular injection of progesterone (60 mg) for 5 to 6 days to facilitate endometrial transformation. On the
fifth day of this transformation, two cleavage-stage embryos were thawed and transferred. Alternatively, on the sixth day,
two blastocysts were thawed and transferred. In cases of sequential transfer, one cleavage-stage embryo was thawed and
transferred on the fifth day, followed by the thawing and transfer of one blastocyst two days later. Post-embryo transfer,
patients continued with Femoston (2 mg estradiol and 10 mg dydrogesterone, three times daily) and a progesterone-
releasing vaginal gel (90 mg daily) for luteal support.

mNC: Monitoring of serum E,, luteinizing hormone (LH), and P levels commenced on days 10 to 12 of the menstrual
cycle, alongside ultrasound assessments of follicular development and endometrial growth. When the dominant follicle
reached a diameter of at least 16 mm, human chorionic gonadotropin (hCG, Lizhu Pharmaceutical, 5000-10000 IU) was
administered to induce ovulation. Dydrogesterone tablets (Duphaston, Abbott, 20 mg, taken twice daily for 4 to 6 days)
were initiated the day following the hCG trigger to assist with endometrial transformation. Cleavage-stage embryos or
blastocysts were thawed and transferred on the fifth and seventh days post-hCG trigger, respectively. Following embryo
transfer, patients continued Duphaston (20 mg dydrogesterone, twice daily) for luteal support.

Mild-Stimulation Cycles: Beginning on the third day of the menstrual cycle, patients received ovulation induction
medication (letrozole, 2.5 mg/day) for 5 consecutive days, with intermittent monitoring of serum E,, LH, and P levels, as
well as ultrasound assessments of follicular and endometrial development. Based on follicular growth, human meno-
pausal gonadotropin (HMG, Lizhu Pharmaceutical) was administered (75-300 IU/day). When the dominant follicle
reached a diameter of at least 16 mm, hCG (5000-10000 IU) was utilized to induce ovulation. Dydrogesterone tablets
(Duphaston, Abbott, 20 mg, taken twice daily for 4 to 6 days) were initiated the day after the hCG trigger to assist with
endometrial transformation. Cleavage-stage embryos or blastocysts were thawed and transferred on the fifth and seventh
days after the hCG trigger, respectively. Post-embryo transfer, patients continued Duphaston (20 mg dydrogesterone,
twice daily) for luteal support.

Simple Gn Cycles: HMG injections began on the third day of the menstrual cycle at a starting dose of 75 [U/day, with
subsequent adjustments to the HMG dosage (75-300 IU) based on the ovarian response, as indicated by changes in
hormone levels and follicular development. The subsequent cycle arrangements mirrored those of the mild-stimulation
protocol.

Twelve to fourteen days following embryo transfer, serum B-hCG levels were measured to ascertain biochemical
pregnancy (> 20 IU/L). For patients with positive B-hCG results, transvaginal ultrasound was conducted 28 to 30 days
post-embryo transfer to confirm clinical pregnancy and the number of implanted embryos. In cases of confirmed
pregnancy, luteal support was maintained for an additional two months following transfer. Patients were continuously

monitored for any abnormalities during the pregnancy.
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Statistical Analysis

The primary outcome of this study was the live birth rate, while secondary outcomes included the clinical pregnancy rate,
early miscarriage rate, and multiple pregnancy rate. Clinical pregnancy was defined as the presence of a gestational sac,
while miscarriage occurring before 12 weeks of gestation was classified as early miscarriage. Live birth was defined as
the delivery of at least one live newborn after 28 weeks of gestation, with the live birth rate calculated as the ratio of live
birth cycles to the total number of embryo transfer cycles. The study population was stratified into three groups according
to the embryo transfer methods employed: double cleavage-stage embryo transfer, blastocyst transfer, and sequential
transfer. In the context of FET cycles, we evaluated the association between various transfer protocols and clinical
pregnancy outcomes. A univariate analysis was first conducted to identify variables potentially associated with clinical
pregnancy outcomes (Tables S1 and S2), which were selected as confounding variables requiring adjustment followed by
a multivariable logistic regression analysis to assess the influence of sequential transfer on clinical outcomes within FET
cycles. Additionally, subgroup analyses were performed to further elucidate the impact of the number of previous transfer
failures on clinical pregnancy outcomes. Normality tests were conducted using the Kolmogorov—Smirnov test. For
normally distributed variables, #-tests were utilized, while Mann—Whitney U-tests were applied to non-normally
distributed variables. For categorical variables that met the criteria (theoretical frequency (T) > 5 and sample size (n)
> 40), chi-square tests were performed. All variables were reported as mean + standard deviation (SD). A two-sided o
level of 0.05 was established for statistical significance. All statistical analyses were conducted using EmpowerStats
(www.empowerstats.com, X&Y Solutions, Inc., Boston, MA) and R software version 3.6.0 (http://www.r-project.org).

Results

Characteristics of These 3 Groups According to Different Transferred Embryo Types
The study population was divided into three groups based on the type of embryo transfer: Group A, which received
double cleavage-stage embryo transfers; Group B, which underwent double blastocyst transfers; and Group C, which
experienced sequential embryo transfers (Table 1). Notably, couples in sequential embryo transfer Group exhibited
a higher average age, a greater number of transfer cycles and thicker endometrium compared to those in double cleavage-

Table | Characteristics of FET Cycles According to Different Embryo Transfer Types

Group A: Double B: Double C: Sequential P-value
Cleavage-Stage Embryos Blastocysts Embryos
N 2992 1261 246
Female age (years) 3289 £ 5.13 31.64 £ 429 33.09 + 4.59 <0.001
Male age (years) 33.95 + 586 32.66 + 4.93 34.37 £ 527 <0.001
BMI (kg/m?) 22.99 + 3.28 22.80 £ 3.16 23.01 £ 347 0.205
Infertility duration (years) 3.47 + 266 330+ 234 3.34+243 0.15
Infertility type 0.502
Primary infertility 1601 (53.51%) 651 (51.63%) 133 (54.07%)
Secondary infertility 1391 (46.49%) 610 (48.37%) 113 (45.93%)
Basal FSH (IU/L) 7.67 £323 6.90 £ 2.03 7.06 £2.10 <0.001
Basal LH (IU/L) 5.72 £ 3.66 5.99 £ 3.76 5.76 £ 3.63 0.092
AMH (ng/mL) 3.52 £3.30 4.35 + 3.06 335+£293 <0.001
AFC (n) 17.07 + 10.14 20.45 + 10.06 17.95 + 9.87 <0.001
(Continued)
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Table | (Continued).

Group A: Double B: Double C: Sequential P-value
Cleavage-Stage Embryos Blastocysts Embryos
Transfer cycle number (n) 2.14 +1.08 250 + 1.14 278 + 1.35 <0.001
Fertilization type <0.001
IVF 2079 (69.49%) 960 (76.13%) 181 (73.58%)
RICSI 133 (4.45%) 60 (4.76%) 4 (1.63%)
ICSI 656 (21.93%) 204 (16.18%) 58 (23.58%)
PESA/TESA-ICSI 124 (4.14%) 37 (2.93%) 3 (1.22%)
FET Protocol 0.239
HRT 2608 (87.17%) 1101 (87.31%) 217 (88.21%)
mNC 175 (5.85%) 66 (5.23%) 7 (2.85%)
Mild stimulation 93 (3.11%) 33 (2.62%) 8 (3.25%)
Gn stimulation 116 (3.88%) 61 (4.84%) 14 (5.69%)
EMT (mm) 9.80 £ 1.72 9.71 £ 1.72 10.00 £ .65 0.043
Implanted embryo number (n) 0.84 + 0.80 1.0l £0.77 0.78 + 0.68 <0.001
Clinical pregnancy rate 59.09% (1768/2992) 71.13% (897/1261) | 63.41% (156/246) <0.001
Early miscarriage rate 11.65% (206/1768) 11.93% (107/897) 12.82% (20/156) 0.752
Live birth rate 49.43% (147912992) 59.40% (749/1261) | 52.85% (130/246) | <0.001
Multiple pregnancy rate 25.03% (749/2992) 30.21% (381/897) 14.63% (36/246) <0.001

Abbreviations: BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; AMH, anti-miillerian hormone; AFC,
antral follicle count; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; PESA, percutaneous epididymal sperm aspiration; TESA,
testis epididymal sperm aspiration; HRT, hormone replacement therapy; mNC, modified natural cycles; Gn, gonadotropin; EMT, endome-
trium thickness.

stage embryo and blastocyst transfer Groups. Conversely, the Anti-Miillerian Hormone (AMH) levels in sequential
embryo transfer Group were found to be lower. Double blastocyst transfer Group demonstrated the highest antral follicle
count (AFC) and the lowest basal follicle-stimulating hormone (FSH) levels among the groups. There were no significant
differences observed among the three groups concerning female body mass index (BMI), type of infertility, duration of
infertility and endometrial preparation protocols. The clinical pregnancy rate in sequential embryo transfer Group was
found to be higher than that in double cleavage-stage embryo transfer Group, yet lower than that in double blastocyst
transfer Group, a trend that was also reflected in the live birth rates. The early miscarriage rate was similar in these three
groups, while the multiple pregnancy rate was significantly lower in sequential embryo transfer Group compared to
double cleavage-stage embryo and blastocyst transfer Groups.

Multivariate Regression Analysis for Clinical Outcomes Between Sequential Embryo

Transfer and Double Blastocyst Transfer Groups

In this study, we aim to further investigate the differences between double blastocyst transfer and sequential embryo transfer.
To facilitate this analysis, a preliminary univariate analysis was performed to identify potential confounding factors that may
influence clinical pregnancy outcomes. Several variables were identified as confounders, including female age, male age, type
of infertility, duration of infertility, baseline FSH, AMH, AFC, and the number of transfer cycles (Table S1). These variables
were subsequently selected for adjustment in the multivariate regression analysis. The results indicate that sequential embryo
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Table 2 Multivariate Analysis for Sequential Embryos Transfer in FET Cycles Compared to Double Blastocysts Transfer Involved in the
Clinical Pregnancy Rate, Live Birth Rate and Multiple Pregnancy Rate

Exposure Clinical Pregnancy Live Birth Multiple Pregnancy
Adjusted 95% ClI p value | Adjusted 95% CI p value | Adjusted 95% CI p value
RR RR OR
Double blastocysts transfer | | 0.358 | | 0.243 | | < 0.001
Sequential embryos transfer 0.983 (0.888, 1.078) 0.958 (0.842, 1.078) 0.505 (0.338, 0.752)

Note: Adjust for: female age, male age, infertility type, infertility duration, Basal FSH, Basal LH, AMH, AFC.

transfer does not significantly adversely affect clinical pregnancy rates (Table 2, aRR = 0.983, 95% CI: 0.888-1.078, p =
0.358) or live birth rates (Table 2, aRR = 0.958, 95% CI: 0.842—1.078, p = 0.243). However, it is associated with a significant
reduction in the likelihood of multiple pregnancies (Table 2, aOR = 0.505, 95% CI: 0.338-0.752, p < 0.001).

Characteristics of These 3 Subgroups Experienced Multiple Transfer Failures

Previous studies have indicated that sequential embryo transfer may enhance clinical pregnancy outcomes in patients
experiencing recurrent implantation failure (RIF). In light of this, we performed additional subgroup analyses to investigate
the impact of sequential embryo transfer on clinical pregnancy outcomes in patients with a history of more than three
unsuccessful transfers. The patients were categorized into three groups based on the type of embryos transferred: Group D,
which received double cleavage-stage embryo transfer; Group E, which underwent double blastocyst transfer; and Group F,
which was assigned to sequential embryo transfer (Table 3). Notably, double blastocyst transfer Group exhibited the highest

AFC and there were no statistically significant differences in other baseline characteristics among the three groups. The

Table 3 Characteristics of FET Cycles with Previous Embryo Transfer Failures According to Different
Embryo Transfer Types

Group D: Double E: Double F: Sequential P-value
Cleavage-Stage Embryos Blastocysts Embryos
N 235 186 47
Female age (years) 33.74 £ 484 32,69 + 421 33.60 + 4.54 0.139
Male age (years) 35.18 £ 592 3373 £ 478 34.98 + 449 0.062
BMI (kg/m?) 22.77 + 3.37 2297 +3.20 23.19 + 4.07 0.684
Infertility duration (years) 3.13 £ 251 3.70 £ 2.71 3.38 £ 2.66 0.081
Infertility type 0.697
Primary infertility 104 (44.26%) 90 (48.39%) 22 (46.81%)
Secondary infertility 131 (55.74%) 96 (51.61%) 25 (53.19%)
Basal FSH (IU/L) 721 £ 256 6.75 £ 1.78 6.97 £ 2.04 0.107
Basal LH (IU/L) 539 £283 5.60 + 4.04 4.64 £ 296 0.246
AMH (ng/mL) 3.60 + 3.29 4.17 £ 2.89 3.07 £ 1.85 0.113
AFC (n) 17.76 + 9.33 20.70 £ 9.37 17.57 + 8.88 0.004
Transfer cycle number (n) 451 + 0.89 447 £ 0.76 4.83 + 1.27 0.097
(Continued)
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Table 3 (Continued).

Group D: Double E: Double F: Sequential P-value
Cleavage-Stage Embryos Blastocysts Embryos
Fertilization type 0.078
IVF 169 (71.91%) I51 (81.18%) 33 (70.21%)
RICSI 4 (1.70%) 5 (2.69%) I (2.13%)
ICSI 54 (22.98%) 29 (15.59%) 13 (27.66%)
PESA/TESA-ICSI 8 (3.40%) | (0.54%) 0 (0.00%)
FET Protocol 0.296
HRT 186 (79.15%) 154 (82.80%) 43 (91.49%)
mNC 17 (7.23%) 7 (3.76%) I (2.13%)
Mild stimulation 7 (2.98%) 9 (4.84%) I (2.13%)
Gn stimulation 25 (10.64%) 16 (8.60%) 2 (4.26%)
EMT (mm) 9.37 £ 1.59 949 + 1.71 9.84 £ 1.58 0.193
Implanted embryo number (n) 0.73 £ 0.78 093 £ 0.74 0.64 + 0.64 0.008
Clinical pregnancy rate 52.34% (123/235) 69.89% (130/186) 55.32% (26/47) <0.001
Early miscarriage rate 8.13% (10/123) 13.08% (17/130) 0.00% (0/26) 0.051
Multiple pregnancy rate 20.85% (49/235) 23.66% (44/186) 8.51% (4/47) 0.001
Live birth rate 104 (44.26%) 109 (58.60%) 26 (55.32%) <0.001

Abbreviations: BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; AMH, anti-miillerian hormone; AFC,
antral follicle count; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; PESA, percutaneous epididymal sperm aspiration; TESA,
testis epididymal sperm aspiration; HRT, hormone replacement therapy; mNC, modified natural cycles; Gn, gonadotropin; EMT, endome-
trium thickness.

clinical pregnancy rate in sequential embryo transfer Group was found to be higher than that in double cleavage-stage
embryo transfer Group, yet lower than that in double blastocyst transfer Group. Interestingly, the live birth rate in sequential
embryo transfer Group was comparable to that in double blastocyst transfer Group, potentially due to a lower early
miscarriage rate. Consistent with findings from all FET cycles, the multiple pregnancy rate in sequential embryo transfer

Group was significantly lower than those in double cleavage-stage embryo and blastocyst transfer Groups.

Multivariate Regression Analysis for Clinical Outcomes Between Sequential Embryo
Transfer and Double Blastocyst Transfer Groups with Multiple Transfer Failures

In addition, we employed univariate analysis in conjunction with multivariate regression analysis to assess the impact of
sequential embryo transfer on clinical pregnancy outcomes in patients with multiple failed transfers, relative to double
blastocyst transfer. The univariate analysis identified several potential confounding factors that could influence clinical
pregnancy outcomes, including female age and male age (Table S2). These factors were subsequently selected as
adjustment variables for the multivariable regression analysis. The findings indicated that sequential embryo transfer
did not demonstrate a significant association with clinical pregnancy rate (Table 4, aRR = 0.998, 95% CI: 0.967—1.029,
p = 0.476) or live birth rate (Table 4, aRR = 0.999, 95% CI: 0.963—-1.036, p = 0.499). However, it was found to
significantly decrease the likelihood of multiple pregnancies (Table 4, aOR = 0.303, 95% CI: 0.103-0.895, p = 0.031).
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Table 4 Multivariate Analysis for Sequential Embryos Transfer in FET Cycles with Previous Transfer Failures Compared to Double
Blastocysts Transfer Involved in the Clinical Pregnancy Rate, Live Birth Rate and Multiple Pregnancy Rate

Exposure Clinical Pregnancy Live Birth Multiple Pregnancy
Adjusted 95% ClI p value | Adjusted 95% CI p value | Adjusted 95% CI p value
RR RR OR
Double blastocysts transfer | | 0.476 | | 0.499 | | 0.031
Sequential embryos transfer 0.998 (0.967, 1.029) 0.999 (0.963, 1.036) 0.303 (0.103, 0.895)

Note: Adjust for: female age, male age.

Discussion

Our retrospective study revealed that sequential embryo transfer does not significantly enhance clinical pregnancy rates
or live birth rates among patients undergoing FET cycles. The clinical pregnancy rates associated with sequential embryo
transfer were slightly higher than those observed with double cleavage-stage embryo transfer but lower than those seen
with double blastocyst transfer. Furthermore, in patients with a history of multiple failed transfers, sequential embryo
transfer also failed to improve clinical pregnancy rates, which remained significantly lower than those of patients
undergoing double blastocyst transfer. Notably, however, the live birth rates in the sequential transfer group were
comparable to those of the blastocyst transfer group. Additionally, we consistently observed that sequential embryo
transfer significantly reduces the incidence of multiple pregnancies in FET patients, which may represent a key advantage
of this approach.

Numerous studies have investigated sequential embryo transfer, with some suggesting that this approach can enhance
clinical pregnancy outcomes for patients, which contrasts with our findings.'>'® The study results demonstrated that
sequential embryo transfer significantly improved clinical pregnancy rates and ongoing pregnancy rates. Compared with
blastocyst transfer, sequential embryo transfer did not achieve higher live birth rates. However, there were no statistically
significant differences in multiple pregnancy rates or miscarriage rates. Notably, one study specifically examined fresh
cycle transfer combined with thawed blastocyst transfer. In our centre, patients undergoing sequential embryo transfer
typically experienced repeated transfer failures, and such individuals are generally not treated with the controlled
hyperanovulation protocols that are acceptable for fresh embryo transfer. Furthermore, prospective study'® have
suggested that sequential embryo transfer yields a higher clinical pregnancy rate than conventional day 5 FET. In this
analysis, we observed that the clinical pregnancy rates for conventional FET patients were only 19% or 43%, whereas
our clinical pregnancy rate for double blastocyst FET reached as high as 71.13%. This elevated clinical pregnancy rate
may have obscured our ability to detect significant differences of sequential embryo transfer. Additionally, among
patients who underwent more than three embryo transfer cycles in our study, the clinical pregnancy rate for double
blastocyst FET remained as high as 69.89%, which does not correspond with the pregnancy probabilities typically
associated with ESHRE recommended RIF patients (recommended threshold for the cumulative predicted chance of
implantation to identify RIF for the purposes of initiating further investigation is 60%).2° Consequently, it is imperative
to establish a personalized definition of RIF specific to our center. In future research, we can further investigate the
potential benefits of sequential embryo transfer for populations that meet this tailored definition. Certainly, several studies
have reported different findings that contrast with above results. A study indicates that women with poor ovarian
response demonstrate higher clinical pregnancy rates and live birth rates when undergoing sequential embryo transfer
compared to those receiving cleavage-stage embryo transfers, with no significant differences observed between sequen-
tial transfer and blastocyst transfer.?' Additionally, one study reported no statistically significant differences in clinical
pregnancy rates and ongoing pregnancy rates among the sequential embryo transfer, blastocyst transfer, and cleavage-
stage embryo transfer groups,’ although it noted a higher early miscarriage rate in the sequential transfer group. Another
study suggests that sequential embryo transfer does not demonstrate better live birth rates or lower miscarriage rates
compared to blastocyst transfer.'”> Some studies even suggest that single and double blastocyst transfers exhibit higher
implantation rates compared to sequential transfers.”> The results of our study align partially with these findings. We
observed that the clinical pregnancy rates and live birth rates associated with sequential transfers in conventional FET
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cycles were lower than those for double blastocyst transfers. However, among patients with multiple failed transfers, the
live birth rates for sequential transfers were comparable to those of double blastocyst transfers. In addition, the sequential
transfer group is older than the other groups. This observation may represent a potential clinical advantage of the
sequential transfer approach. We found that the early miscarriage rate for sequential transfers was lower, and there was
a significant reduction in the rate of multiple pregnancies. In addition, we also compared sequential embryo transfer with
double cleavage-stage embryo transfer. The results indicated that sequential embryo transfer could improve clinical
pregnancy rates and reduce multiple pregnancy rates, but had no significant effect on live birth rates (Table S3). For
patients with multiple transfer failures, sequential embryo transfer did not enhance clinical pregnancy rates or live birth
rates, yet still significantly decreased multiple pregnancy rates (Table S4).

Currently, the clinical pregnancy rate for IVF typically ranges from 40% to 50%, with first IVF cycles achieving rates
as high as 60%.%> Despite this, many patients continue to experience repeated failures of embryo transfer. Successful
embryo implantation necessitates a synchronized interaction between a receptive endometrium and embryos with high
developmental potential.” Research indicates that approximately two-thirds of embryo transfer failures may be attributed
to abnormalities in endometrial receptivity.>* Previous studies have demonstrated that co-culturing early embryos with
endometrial epithelial cells can yield a blastocyst formation rate of 50.8% to 58.2%, along with favorable implantation
rates, thereby enhancing pregnancy rates in IVF.?® Furthermore, some studies suggest that mechanical stimulation of the
endometrium during the initial transfer may trigger the release of specific inflammatory factors, potentially facilitating
the adhesion of subsequently transferred embryos.?®2° Additionally, given the uncertainty and individual variability
concerning the timing and duration of the window of implantation (WOI), which may last several hours or days,*
transferring two embryos at different time points can improve the chances of aligning the embryos with a receptive
endometrium, thereby increasing the likelihood of embryo implantation.*'**> Our findings demonstrate that sequential
embryo transfer achieves a live birth rate comparable to that of double blastocyst transfer, while significantly reducing
the incidence of multiple pregnancies. In line with previous theoretical studies, these observations suggest that the
improved outcomes associated with sequential transfer may not be attributable solely to an increased number of embryos
transferred. Instead, it is plausible that the initial transfer of a cleavage-stage embryo enhances endometrial receptivity
and creates a more favorable uterine environment for subsequent blastocysts, thereby contributing to the improved
clinical outcomes observed. This is merely a speculative explanation for such clinical phenomena. Further studies are
warranted to validate this potential mechanism.

Multiple pregnancies have consistently been one of the primary complications associated with assisted reproductive
technology (ART),> adversely affecting outcomes for both mothers and newborns.>**> Over the past two decades,
efforts have been made to mitigate the risk of multiple pregnancies.’>*® However, for patients who have experienced
multiple failed transfers, increasing the probability of pregnancy per transfer-by increasing the number of transferred
embryos-remains particularly important, even if it occasionally raises the risk of multiple pregnancies. Based on the
results of this study, sequential embryo transfer may represent a favorable option for patients who have undergone
multiple transfer failures, as it ensures a high clinical pregnancy rate and live birth rate while effectively controlling the
incidence of multiple pregnancies.

The current research has several limitations that should be acknowledged. Our study conducted further subgroup
analyses based on previous embryo transfer cycles but did not provide a strict definition of RIF. Recent studies have
consistently indicated that recurrent transfer failures may be more attributable to embryonic factors. After 3—5 rounds of
euploid blastocyst transfers, the majority of patients achieve live birth (92.6-98.1%). Therefore, the proportion of
patients with strictly defined RIF is approximately 5%.°’® Because of the uncertainty in the definition of RIF, the
inability to incorporate precise embryo scoring data and the patient’s previous pregnancy status, our study primarily
focused on patients with multiple transfer failures. In future investigations, we plan to more precisely identify the
characteristic RIF population within our center and analyze the effects of sequential transfer on this group. Additionally,
due to constraints within our data management system, our study lacks certain baseline characteristics related to the
oocyte retrieval cycles of patients, especially as embryo quality scores. The missing of this key variable increases the
difficulty of controlling for the confounding factors and the results may be affected by this confounding factor. The
timing of blastocyst transfers on different developmental days can significantly influence the clinical outcomes of
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IVF.***° Some studies indicate that there is no difference in pregnancy outcomes between day 5 and day 6 blastocysts in
patients undergoing sequential embryo transfer, suggesting that sequential transfer may enhance the utilization rate of D6
blastocysts.*! This presents an avenue for further exploration. Our data analysis only adjusted for baseline variables
without further examining partial effect modifiers, and the absence of interaction analysis also represents a limitation.
Moreover, the primary limitation of this study is its retrospective design, which necessitates caution in applying these
results to clinical practice. To better clarify the impact of sequential transfer on clinical pregnancy outcomes in FET,
high-quality, large-scale randomized controlled trials are required. Such studies will aid in improving embryo utilization
efficiency, enhancing implantation rates, and reducing the risk of multiple pregnancies.

Conclusion

In FET cycles, sequential embryo transfer does not improve clinical pregnancy rates or live birth rates but can significantly
reduce the rate of multiple pregnancies. For patients who have experienced three or more failed embryo transfers, sequential
embryo transfer achieves a live birth rate comparable to that of double blastocyst transfer, while substantially lowering the
risk of multiple pregnancies. Therefore, for patients with multiple implantation failure, sequential embryo transfer may
offer a more advantageous option, particularly in reducing the incidence of multiple pregnancies.
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