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Objective: The aim of this study is to assess the impact of different embryo transfer strategies, focusing on cleavage-stage embryos
and blastocysts, on pregnancy and neonatal outcomes in frozen-thawed embryo transfer (FET) cycles among women < 35 years old
and > 35 years old.

Methods: A retrospective cohort analysis of 3,065 FET cycles performed between April 2015 and October 2022 categorized patients
into seven groups by embryo morphology, quality, and quantity: single/double high-quality cleavage (A/B), single/double high-quality
blastocyst (C/D), single/double poor-quality blastocyst (E/F), and mixed-quality blastocyst (G). Stratified by age (<35/>35 years),
outcomes (clinical pregnancy, live birth, multiple pregnancy, preterm birth) were analyzed using non-parametric tests and chi-square.
Results: In women <35 years, transferring two high-quality cleavage embryos (Group B) yielded higher clinical pregnancy (60.12%
vs 28.57%) and live birth rates (51.45% vs 19.64%) than single high-quality cleavage embryos (Group A; P < 0.05). For blastocyst
transfer, double high-quality blastocysts (Group D) showed higher multiple pregnancy and preterm birth rates than single high-quality
blastocysts (Group C; P < 0.05). In women >35 years, Group B had superior pregnancy outcomes compared to Group A, while Group
D demonstrated significantly higher clinical pregnancy and live birth rates than Group C (P < 0.05). Transferring two poor-quality
blastocysts (Group F) improved live birth rates in older patients compared to single poor-quality blastocysts (Group E; 31.91% vs
14.29%, P < 0.05). No significant differences in neonatal birth weight were observed across age groups.

Conclusion: For FET cycles, transferring two high-quality cleavage embryos is recommended for all ages. Women <35 years should
prioritize single high-quality blastocyst transfer to minimize multiple pregnancies and preterm births, while those >35 years benefit
from double high-quality blastocysts. Transferring two poor-quality blastocysts may enhance pregnancy outcomes in older patients.
These findings warrant validation through multicenter studies to ensure clinical applicability.
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Introduction
Assisted reproductive technology (ART) has been continuously evolving for more than 40 years. With advancement in
techniques such as controlled ovarian stimulation, embryo culture, vitrification, and thawing, the focus of experts in the
field of reproduction has shifted from merely improving pregnancy rates to ensuring healthy live births.

In theory, blastocyst transfer has numerous advantages. After controlled ovarian stimulation, supraphysiological
levels of estrogen and progesterone may alter endometrial receptivity. Compared to cleavage embryo transfer, blastocyst
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transfer helps prevent premature exposure to altered uterine environments, making it easier to implant into the
endometrium.' In addition, the blastocyst undergoes further screening, which helps to select embryos with greater
developmental potential and healthy status, increasing the success rate of transplantation and thus increasing the live birth
rate.” It was reported that the live birth rates of blastocyst transfer and cleavage embryo transfer in frozen embryo transfer
were approximately 56.5% and 34.8%, respectively.’ Many scholars believe that only embryos that can survive can enter
the blastocyst stage. Therefore, embryo transfer is increasingly inclined towards blastocyst transfer rather than cleavage
embryo transfer.* But not every embryo can successfully develop to the blastocyst stage, so blastocyst culture may pose
a risk of having no available embryos.’

Studies™” have shown that in patients with a normal ovarian response, the pregnancy outcomes of frozen-thawed embryo
transfer (FET) cycles are better than those of fresh embryo transfer cycles. The higher pregnancy rate observed in FET cycles
may be attributed to better synchronization between the embryo and the endometrium.® While blastocyst transfer remains the
predominant approach in FET cycles, cleavage embryo transfers continue to play a role in clinical practice.

Cleavage embryo transfer is primarily indicated in two scenarios: first, for patients with a poor ovarian response, who
have a low number of retrieved oocytes and a high risk of blastocyst culture failure, making fresh or frozen cleavage
embryo transfer a viable option; second, for patients undergoing blastocyst culture, where it is advisable to freeze one or
two high-quality cleavage embryos as backups to reduce the risk of no embryos available for transfer if blastocyst
formation is unsuccessful. In cases of blastocyst culture failure or when all blastocysts have been thawed without success,
these patients often opt for cleavage-stage embryo transfer. Therefore, despite blastocyst culture being the main choice
currently, our center continues to perform a certain number of frozen-thawed cleavage-stage embryo transfers.

In the early stages of ART treatment, multiple embryo transfers are preferred. Although this approach improves the
pregnancy and live birth rates, the increased incidence of multiple pregnancies is a common complication associated with
ART. A recent meta-analysis showed that the rates of multiple pregnancies after cleavage-stage transfer and blastocyst-
stage transfer were comparable, if 9% of women have a multiple pregnancy after fresh cleavage-stage transfer, between
8% and 12% would do so after fresh blastocyst-stage transfer.” Multiple pregnancies are linked to a higher risk of
obstetric and neonatal complications, including but not limited to miscarriage, preeclampsia, preterm birth, low birth
weight, and perinatal mortality.” With the development of ART technology, the challenge of reducing multiple pregnancy
rates while maintaining high pregnancy success rates has become a critical concern for clinicians.

Some studies'® suggest that single embryo transfer can lower the risks of perinatal complications without compro-
mising pregnancy rates, especially in women under 40 years of age. Findings of other research'' suggest that single
blastocyst transfer may be the optimal strategy for patients undergoing ART treatment across all age groups.
Furthermore, it was found in another study'? that patients with infertility factors other than unexplained infertility are
suitable to achieve favorable outcomes with frozen-thawed single blastocyst transfer.

Despite these findings, large-scale data from ART cycles showed that, compared to double embryo transfer, any form
of single embryo transfer reduces the live birth rate by one-third.'® In a study examining fresh blastocyst transfer cycles
in women under 40, the clinical pregnancy rate and live birth rate were significantly lower in the group that received
a combination of high-quality and poor-quality double blastocysts, compared to the group that received double high-
quality blastocysts.'* It has been proposed that the transfer of frozen-thawed blastocyst embryos can yield better
pregnancy outcomes than that of cleavage-stage embryos in women over 40,5 while it has also been suggested in
another study'® that frozen-thawed cleavage embryo transfer is more suitable for younger women while frozen-thawed
blastocyst transfer may be more appropriate for older women. Overall, there is still controversy over the optimal embryo
transfer strategy for patients of different ages.

A woman’s age is considered the most important factor that influences fertility potential, and the potential signifi-
cantly decreases after the age of 35 years.'” After 35 years of age, the overall euploid rate of blastocysts decreases
significantly and it continues to decrease with increasing age.'® Among women over 35 years, the proportion of couples
with low fertility reaches 10-20%, while for women in their 20s it is only 4%.'” The opportunity for IVF embryo
implantation also depends on the ovarian reserve status. A poor response to ovarian hyperstimulation in IVF is
a powerful predictor of poor pregnancy prospects. An age-related steady decrease of singleton live birth rates per
ART cycle after the age of 34 years has also been reported."”

2320 https: Journal of Multidisciplinary Healthcare 2025:18



Jiang et al

During ART treatment, our goal is to help patients achieve successful live births in the most efficient manner while
minimizing the risks of complications such as ovarian hyperstimulation syndrome and multiple pregnancies.’**!
Therefore, this study aims to develop tailored embryo transfer strategies for patients with different conditions based
on a comprehensive consideration of age, embryo morphology, embryo quality and quantity, providing scientific basis for

clinical practice.

Materials and Methods

Study Participants

In this retrospective study, a total of 3065 frozen-thawed embryo transfer (FET) cycles between April 2015 and October 2022
at the Department of Reproductive Medicine, Binzhou Medical University Hospital, were examined. The inclusion criteria
were as follows: 1. frozen-thawed embryos that originated from normal 2PN fertilization; and 2. the number of embryos
transferred was two or fewer. The exclusion criteria were as follows: 1. recurrent miscarriage; 2. endometriosis; 3.
adenomyosis; 4. hydrosalpinx; 5. uterine malformations; and 6. chromosomal abnormalities in either spouse.

Procedure for Embryo Culture

All patients at the center underwent a standard ovulation induction protocol, which included the administration of
a human chorionic gonadotropin (hCG) injection, followed by oocyte retrieval 36 hours later. The retrieved oocyte-
cumulus complexes (OCCCs) were placed in G-IVF culture medium for fertilization. Conventional fertilization or
intracytoplasmic sperm injection (ICSI) was performed 39—40 hours post-hCG injection, and the fertilized eggs were
cultured for 4 to 5 hours before degranulation. After ICSI, the eggs were transferred to a 35-mm culture dish containing
G-1 medium, while the eggs from conventional fertilization were placed in a four-well dish containing G-IVF overnight.
Pronuclei were evaluated approximately 18 hours after fertilization. The G-1 culture dishes were incubated at 37°C with
6% CO, and 5% O, in a desktop culture incubator.

Scoring Standard of Cleavage-Stage Embryos

Day 3 embryos were graded using an embryo scoring system based on the number, size, and symmetry of the
blastomeres, as well as the degree of cytoplasmic fragmentation. The grading criteria were as follows: Grade I: normal
pace of embryo development with equal-sized blastomeres, uniform cytoplasm, no vacuoles, and less than 5% fragmen-
tation. Grade II: normal embryo developmental pace with equal or roughly equal blastomeres, uniform cytoplasm, no
vacuoles, and 6%—20% fragmentation. Grade III: roughly normal pace of embryo development, equal or unequal
blastomeres, cytoplasm containing a few vacuoles, and 21%-50% fragmentation. Grade IV: abnormal pace of embryo
development with unequal blastomeres, uneven cytoplasm, numerous vacuoles, and fragmentation greater than 50%.
Embryos classified as grades I and II were considered high-quality cleavage-stage embryos.

Blastocyst Grading

Blastocyst evaluation was done using the Gardner scoring system, evaluating blastocysts on days 57 post-fertilization.
The blastocysts were classified into six developmental stages based on the size of the blastocoel and the extent of
hatching. Blastocysts at stage 3 or higher were further graded into A, B, or C grades according to the number of inner cell
mass and trophoblast cells. Blastocysts at stage 3 and above were defined as high-quality blastocysts with scores of AA,
AB, BA, or BB, while poor-quality blastocysts were those graded as BC, CB, or AC.

Vitrification and Thawing

Cleavage-stage embryos and blastocysts were cryopreserved using a vitrification kit (Kato Company, Japan). The
embryos designated for freezing were initially placed in an equilibration solution (ES) for 8-14 minutes. Once the
volume of the embryos was observed to shrink and subsequently recover, they were immediately transferred to
a vitrification solution (VS). Within 45-60 seconds, the embryos were loaded onto vitrification straws (Minvitro,
Shenzhen) and rapidly immersed in liquid nitrogen. Thawing of cleavage-stage embryos and blastocysts was performed
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using a vitrification thawing kit (Kato, Japan). The vitrification straws loaded with embryos were rapidly transferred from
liquid nitrogen into the thawing solution (TS) for 1 minute, then transferred to the DS for 3 minutes, followed by transfer
to washing solutions WS1 and WS2 for 5 minutes each. After thawing, the recovered embryos were cultured in G-2
medium (Vitrolife, Sweden).

Frozen-Thawed Embryo Transfer

The endometrial preparation plan was tailored to the patient’s condition. For patients with regular menstruation and normal
ovulation, a natural cycle was used to prepare the endometrium. For patients with atypical ovulation—such as irregular
menstruation, anovulation, poor endometrial growth, or unruptured luteinized follicle syndrome—ovulation induction
therapy or an artificial cycle was used to prepare the endometrium. Cleavage-stage embryos were transferred on day 3
and blastocysts on day 5 after endometrial transformation, hCG was tested 14 days post-transfer. Biochemical pregnancy
was defined as a positive hCG result, and clinical pregnancy was confirmed in patients with visible gestational sacs on
B-ultrasound 35 days after transfer. Maternal and neonatal conditions were followed up via telephone after delivery.

Observation Indicators

Details of general patient information and clinical outcomes were collected, including the patient’s age, duration of
infertility, endometrial thickness, clinical pregnancy rate, miscarriage rate, multiple pregnancy rate, premature birth rate,
live birth rate, gender ratio, and birth weight.

Statistical Analysis

SPSS 26.0 software (SPSS, IBM, Armonk, NY, USA) was used for statistical analyses. Non-normally distributed
continuous variables were represented as M (P25, P75), and the Mann—Whitney U-test was used for intergroup
comparisons. Categorical data were expressed as rate (%), and the x* test was used for intergroup comparisons.
Statistical significance was indicated by a P value of < 0.05.

Results

Comparison of General Conditions Among the Various Patient Groups
Patients were stratified into two age groups: those under 35 years of age and those aged 35 years and above. General data
of patients across the age groups were compared, and there was no significant difference in the duration of infertility and
endometrial thickness between the groups (P > 0.05) (Tables 1 and 2).

In the group of patients aged under 35 years, there were significant differences between groups A and B, C and D, and
D and G with respect to age (P < 0.05). Among patients aged over 35 years, there were significant differences in age

Table | Comparison of General Information of Patients <35 years Old in Different

Groups

Group Cycles Age Infertile Time | Endometrial Thickness(mm)
Group A 56 30.50(29.00,33.00) | 3.00(1.00,4.00) 9.75(8.30,11.00)

Group B 346 30.00(28.00,32.00) | 3.00(2.00,4.00) 10.00(9.00,11.00)

Z value —2.049 —0.408 —0.593

P value 0.040 0.683 0.553

Group C 595 30.00(28.00,32.00) | 3.00(2.00,4.00) 10.00(8.50,11.00)

Group D 586 29.00(28.00,31.00) | 3.00(2.00,4.00) 10.00(9.00,11.00)

Z value —4.999 —2.04 —1.758

(Continued)
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Table | (Continued).

Group Cycles Age Infertile Time | Endometrial Thickness(mm)
P value 0.000 0.051 0.079
Group E 80 31.00(29.00,32.00) | 3.00(2.00,4.00) 10.00(8.00,11.00)
Group F 96 30.00(28.00,32.00) | 3.00(2.00,4.00) 10.00(8.90,11.00)
Z value —0.881 —0.262 —-0.634

P value 0.378 0.793 0.526
Group C 595 30.00(28.00,32.00) | 3.00(2.00,4.00) 10.00(8.50,11.00)
Group G 152 30.00(27.50,32.00) | 3.00(1.50,5.00) 10.00(9.00, 1 1.00)
Z value —0.480 -0.286 -1.672

P value 0.631 0.775 0.095
Group D 586 29.00(28.00,31.00) | 3.00(2.00,4.00) 10.00(9.00, 1 1.00)
Group G 152 30.00(27.50,32.00) | 3.00(1.50,5.00) 10.00(9.00, 1 1.00)
Z value —2.471 -0.909 -0.514

P value 0.013 0.363 0.608

Table 2 Comparison of General Information of Patients = 35 years Old in Different

Groups
Group Cycles Age Infertile Time | Endometrial Thickness(mm)
Group A 109 42.00(39.00,43.00) | 2.00(1.00,5.00) 9.00(8.00,10.00)
Group B 374 40.00(37.00,43.00) | 2.00(1.00,5.00) 9.00(8.00,10.00)
Z value —2.785 —0.168 —0.454
P value 0.005 0.866 0.650
Group C 292 38.00(36.00,40.00) | 2.50(1.00,5.00) 9.00(8.50,10.00)
Group D 207 37.00(36.00,39.00) | 3.00(1.00,6.00) 9.00(8.00,10.50)
Z value —0.918 -1.177 —0.759
P value 0.359 0.239 0.448
Group E 56 39.00(37.00,43.00) | 3.00(1.50,6.50) 9.00(8.00,10.25)
Group F 47 38.00(36.00,40.00) | 3.00(2.00,4.00) 9.50(9.00,11.00)
Z value —1.653 —0.013 —1.887
P value 0.098 0.989 0.059
Group C 292 38.00(36.00,40.00) | 2.50(1.00,5.00) 9.00(8.50,10.00)
Group G 69 39.00(37.00,40.00) | 3.00(1.00,5.00) 9.00(8.00,10.00)
Z value —2.592 —0.142 —0.553
P value 0.010 0.887 0.580
(Continued)
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Table 2 (Continued).

Group Cycles Age Infertile Time | Endometrial Thickness(mm)
Group D 207 37.00(36.00,39.00) | 3.00(1.00,6.00) 9.00(8.00,10.50)

Group G 69 39.00(37.00,40.00) | 3.00(1.00,5.00) 9.00(8.00,10.00)

Z value —3.386 —0.860 —0.955

P value 0.001 0.390 0.340

between groups A and B, C and G, and D and G (P < 0.05). It should be noted that these differences are due to the
difference in the sample sizes of each group, and therefore may not reflect practically significant or clinically meaningful
differences in a real-world setting.

Comparison of Pregnancy Outcomes in Different Age Groups
Results for the group of patients under 35 years were as follows:

For frozen-thawed cleavage-stage embryo transfer, patients in group B had significantly higher clinical pregnancy rate
than those in group A (60.12% vs 28.57%, respectively), multiple pregnancy rate (26.44% vs 0, respectively), and live
birth rate (51.45% vs 19.64%, respectively) (P < 0.05).

For frozen-thawed blastocyst transfer, there were no significant differences between groups C and D in terms of
clinical pregnancy rate, ectopic pregnancy rate, miscarriage rate, and live birth rate (P > 0.05), but patients in group
D had significantly higher rates of miscarriage rates of singleton pregnancy (22.28% vs 13.09%, respectively),
multiple pregnancies (35.73% vs 1.56%, respectively) and preterm births compared to those in group C (23.08% vs
11.17%, respectively) (P < 0.05). Patients in group F had a higher clinical pregnancy rate (47.92% vs 36.25%,
respectively) and live birth rate (36.46% vs 26.25%, respectively) than those in group E, but these differences were
not significant (P > 0.05). Patients in group G did not differ significantly from those in group C in terms of clinical
pregnancy rate, miscarriage rate, or live birth rate (P > 0.05) but had significantly higher rates of multiple
pregnancies (28.71% vs 1.56%, respectively) and preterm births (23.76% vs 11.17%, respectively) (P < 0.05).
There were no significant differences in clinical pregnancy rate, miscarriage rate, multiple pregnancy rate, preterm
birth rate, or live birth rate between group D and group G (P > 0.05) (Table 3).

Table 3 Comparison of Pregnancy Outcome in Different Groups of Patients < 35 years Old

Group Cycles Clinical Ectopic Miscarriage Rate Miscarriage Multiple Preterm Birth Rate Live Birth Rate
Pregnancy Rate Pregnancy Rate rate of Pregnancy Rate

Singleton

Pregnancy
Group A 56 28.57% (16/56) 6.25% (1/16) 25% (4/16) 25% (4/16) 0 6.25% (1/16) 19.64% (11/56)
Group B 346 60.12% (208/346) 2.88% (6/208) 15.87% (33/208) 10.69% (14/131) 26.44% (55/208) 21.15% (44/208) 51.45% (178/346)
© 19.438 0.359 1.550 1.232 19.569
P 0.000 0.409 0.549 0.134 0.267 0.000
Group C 595 64.71% (385/595) 1.04% (4/385) 12.99% (50/385) 13.09% (50/382) 1.56% (6/385) 11.17% (43/385) 55.29% (329/595)
Group D 586 68.78% (403/586) 0.74% (3/403) 15.88% (64/403) 22.28% (41/184) 35.73% (144/403) 23.08% (93/403) 56.83% (333/586)
©» 2.198 0.004 1333 7.779 149.197 19.552 0.281
P 0.138 0.952 0.248 0.005 0.000 0.000 0.596

(Continued)
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Table 3 (Continued).

Group Cycles Clinical Ectopic Miscarriage Rate Miscarriage Multiple Preterm Birth Rate Live Birth Rate
Pregnancy Rate Pregnancy Rate rate of Pregnancy Rate

Singleton

Pregnancy
Group E 80 36.25% (29/80) 0 27.59% (8/29) 27.59% (8/29) 0 10.34% (3/29) 26.25% (21/80)
Group F 96 47.92% (46/96) 0 23.91% (11/46) 28.57% (10/35) 17.39% (8/46) 15.22% (7/46) 36.46% (35/96)
e 2429 0.127 0.008 0.065 2.096
P 0.119 0.722 0.930 0.798 0.148
Group C 595 64.71% (385/595) 1.04% (4/385) 12.99%(50/385) 13.09% (50/382) 1.56% (6/385) 11.17% (43/385) 55.29% (329/595)
Group G 152 66.45% (101/152) 0 12.87% (13/101) 18.46% (12/65) 28.71% (29/101) 23.76% (24/101) 57.89% (88/152)
i 0.162 0.001 1.342 88.279 10.676 0.332
P 0.688 0.975 0.247 0 0.001 0.564
Group D 586 68.78% (403/586) 0.74% (3/403) 15.88% (64/403) 22.28% (41/184) 35.73% (144/403) 23.08% (93/403) 56.83% (333/586)
Group G 152 66.45% (101/152) 0 12.87% (13/101) 18.46% (12/65) 28.71% (29/101) 23.76% (24/101) 57.89% (88/152)
v 0.301 0.565 0419 1.765 0.021 0.056
P 0.583 0.452 0.518 0.184 0.884 0.812

Results for the group with patients aged 35 years or older were as follows:

For frozen-thawed cleavage embryo transfer, the clinical pregnancy rate, multiple pregnancy rate, and live birth rate
in group B were significantly higher than in group A [(31.02% vs 19.27%, respectively); (12.07% vs 0, respectively);
(22.19% vs 11.93%, respectively), P < 0.05].

For frozen-thawed blastocyst transfer, the clinical pregnancy rate and live birth rate among patients in group D were
significantly higher than those in group C [(58.94% vs 48.29%, respectively); (45.89% vs 33.90%, respectively); P < 0.05],
while the multiple pregnancy rate and preterm birth rate also significantly increased [(21.31% vs 0.71%, respectively);
(24.59% vs 9.22%, respectively); P < 0.05]. The clinical pregnancy rate among patients in group F was higher than those in
group E (44.68% vs 28.57%, respectively) but with no significant difference (P > 0.05), while the live birth rates between the
two groups showed significant differences [(31.91% vs 14.29%, respectively); P < 0.05]. Patients in group G, when
compared with those in group C, showed no significant differences in clinical pregnancy rate, miscarriage rate, preterm
birth rate, or live birth rate (P > 0.05), but the multiple pregnancy rate significantly increased [(15.15% vs 0.71%,
respectively); P < 0.05]. There were no significant differences in clinical pregnancy rate, miscarriage rate, multiple
pregnancy rate, preterm birth rate, and live birth rate between patients in groups D and G (P > 0.05) (Table 4).

Comparison of Neonatal Outcomes in Different Patient Groups
As of October 31, 2022, among patients under 35 years of age, the number of live births in groups A, B, C, D, E, F, and
G were 11, 233, 335, 478, 21, 43, and 117, respectively; among patients aged 35 years or older, the number of live births
in groups A, B, C, D, E, F, and G were 13, 97, 100, 121, 9, 17, and 29, respectively. There was no significant difference
in the gender ratio across different age groups (P > 0.05).

To eliminate the confounding effect of multiple births on neonatal birth weight, the analysis was restricted to the birth
weight of singletons. The results showed that there were no significant differences in birth weight among the different
age groups (P > 0.05) (Tables 5 and 6).
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Table 4 Comparison of Pregnancy Outcome in Different Groups of Patients 2 35 years Old

Group Cycles Clinical Ectopic Miscarriage Miscarriage Multiple Preterm Birth Rate | Live Birth Rate
Pregnancy Rate Pregnancy Rate Rate of Ingleton Pregnancy
Rate Pregnancy Rate

Group A 109 19.27% (21/109) 0 38.10% (8/21) 38.10% (8/21) 0 4.76% (1/21) 11.93% (13/109)
Group B 374 31.02% (116/374) 1.72% (2/116) 25.86% (30/116) 29.35% (27/92) 12.07%(14/116) 10.34% (12/116) 22.19% (83/374)
P 5.735 1.328 0.612 0.159 5.585

P 0.017 0.249 0.434 0.690 0.018
Group C 292 48.29% (141/292) 2.13% (3/141) 27.66% (39/141) 27.86% (39/140) 0.71%(1/141) 9.22% (13/141) 33.90% (99/292)
Group D 207 58.94% (122/207) 0.82% (1/122) 21.31% (26/122) 27.94% (19/68) 21.31%(26/122) 24.59% (30/122) 45.89% (95/207)
$ 5511 0.129 1.417 0.000 30.136 11.298 7.328

P 0.019 0.719 0.234 0.990 0.000 0.001 0.007
Group E 56 28.57% (16/56) 0 50% (8/16) 53.33% (8/15) 6.25%(1/16) 12.5% (2/16) 14.29% (8/56)
Group F 47 44.68% (21/47) 0 28.57% (6/21) 29.41% (5/17) 9.52%(2/21) 19.05% (4/21) 31.91% (15/47)
la 2.881 1.773 4579

P 0.090 0.183 0.280 1.000 0.680 0.032
Group C 292 48.29% (141/292) 2.13% (3/141) 27.66% (39/141) 27.86% (39/140) 0.71%(1/141) 9.22% (13/141) 33.90% (99/292)
Group G 69 47.83% (33/69) 0 30.30% (10/33) 34.62% (9/26) 15.15%(5/33) 21.21% (7/33) 33.33% (23/69)
» 0.005 0.092 0.487 12.696 2.693 0.008

P 0.945 0.761 0.485 0 0.101 0.928
Group D 207 58.94% (122/207) 0.82% (1/122) 21.31% (26/122) 27.94% (19/68) 21.31%(26/122) 24.59% (30/122) 45.89% (95/207)
Group G 69 47.83% (33/69) 0 30.30% (10/33) 34.62% (9/26) 15.15%(5/33) 21.21% (7/33) 33.33% (23/69)
» 2.595 1.178 0.401 0.616 0.163 3336

P 0.107 0.278 0.527 0.433 0.686 0.068

Table 5 Comparison of Neonatal Births in Different Groups <35 years Old

Group Live Births | Sex ratio(Male/Female) Birth Weight

Group A Il 1.75(7/4) 3350.00(3150.00,3600.00)

Group B 233 0.99(116/117) 3350.00(3050.00,3600.00)

P 0.806 -0.057

P 0.369 0.955

Group C 335 1.01(168/167) 3330.00(3030.00,3650.00)

Group D 478 1.05(245/233) 3350.00(3035.00,3600.00)

P 0.096 -0.137

P 0.756 0.891

Group E 21 0.91(10/11) 3300.00(2900.00,3550.00)
(Continued)
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Table 5 (Continued).

Group Live Births | Sex ratio(Male/Female) Birth Weight
Group F 43 0.95(21/22) 3400.00(3020.00,3740.00)
PR 0.008 -1.125

P 0.927 0.260

Group C 335 1.01(168/167) 3330.00(3030.00,3650.00)
Group G 17 1.13(62/55) 3250.00(3000.00,3600.00)
vz 0.280 -0.959

P 0.597 0.338

Group D 478 1.05(245/233) 3350.00(3035.00,3600.00)
Group G 17 1.13(62/55) 3250.00(3000.00,3600.00)
PR 0.113 -0.988

P 0.736 0.323

Table 6 Comparison of Neonatal Births in Different Groups 2 35 years Old

Group Live Births | Sex ratio (Male/Female) Birth Weight
Group A 13 2.25(9/4) 3110.00(2850.00,3725.00)
Group B 97 0.90(46/51) 3400.00(3130.00,3700.00)
iz 2.181 -1.380

P 0.140 0.168

Group C 100 1.56(61/39) 3300.00(3000.00,3700.00)
Group D 121 1.37(70/51) 3300.00(3100.00,3670.00)
Y 0.225 -0.452

P 0.635 0.651

Group E 9 0.50(3/6) 3050.00(2600.00,3800.00)
Group F 17 0.89(8/9) 3300.00(2450.00,3550.00)
Iz —0.040

P 0.683 0.968

Group C 100 1.56(61/39) 3300.00(3000.00,3700.00)
Group G 29 1.23(16/13) 3300.00(2887.50,3575.00)
iz 0317 -0.679

P 0.573 0.497

Group D 121 1.37(70/51) 3300.00(3100.00,3670.00)

(Continued)
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Table 6 (Continued).

Group Live Births | Sex ratio (Male/Female) Birth Weight
Group G 29 1.23(16/13) 3300.00(2887.50,3575.00)
Iz 0.069 -0.944

P 0.793 0.345

Discussion

This study represents the first effort to integrate different embryo morphologies, qualities, and quantities into various
transfer strategies during the FET cycle. A stratified analysis based on the woman’s age was conducted to develop
personalized FET strategies at our center. The goal was to reduce maternal and neonatal complications while maintaining
satisfactory pregnancy and live birth rates. For patients ineligible for fresh embryo transfer, the frequent practice in our
center is to freeze one or two high-quality cleavage-stage embryos as a backup, while the remaining embryos are cultured
to the blastocyst stage. Once viable blastocysts are formed, they are frozen, with thawed blastocysts typically being
prioritized for transfer during FET cycles, followed by thawed cleavage-stage embryos if needed.

The number of transfers involving frozen-thawed cleavage-stage embryos remains a subject of debate, as indicated by
a review of different studies. The latest research®” analyzing the clinical outcomes of double cleavage-stage embryo
transfer in older women during frozen embryo cycles suggests that ART outcomes are inversely correlated with patient
age and positively correlated with the quantity and quality of transferred embryos. For patients aged 38 years or older,
transferring two high-quality embryos can significantly improve pregnancy outcomes. For those aged 36-37, the decision
on the number of embryos to be transferred should be based on embryo quality, with the recommendation being the
transfer of either one high-quality embryo or a combination of one high-quality and one poor-quality embryo. In younger
patients aged 35 years or less, selective single high-quality embryo transfer is recommended to reduce the multiple
pregnancy rate and ensure perinatal safety.

In contrast, it has been suggested'' that while the use of single cleavage-stage embryo transfer theoretically reduces
the risk of multiple pregnancies, the clinical pregnancy rate and live birth rate are significantly reduced for older women,
making it rarely used in clinical practice. Historically, the practice in most reproductive centers has been the use of
double embryo transfer, and selective double embryo transfer in older patients can yield better pregnancy outcomes.
Compared to younger patients, this approach does not increase the risk of miscarriage, preterm birth, or low birth weight
infants.®> As indicated in another study,”* the aneuploidy rate of chromosomes remains as high as 60% even for high-
quality embryos at day 3. This also contributes to consistently low clinical pregnancy rates for single cleavage-stage
transfers,” but an increase in the number of embryo transfers leads to a higher incidence of multiple pregnancies.*®’
Similarly, it has been suggested I other studies that the number of high-quality embryos transferred has the most
significant impact on pregnancy rates in FET cycles. When more than 2 high-quality embryos are transferred, the
pregnancy rate improves, but the likelihood of multiple pregnancies also increases significantly.?®

In this study, irrespective of age, the clinical pregnancy and live birth rates of women in the high-quality double
cleavage-stage group were significantly higher than those in the high-quality single cleavage-stage group. At the same
time, due to the increase in the number of embryos transferred, we found that the rates of multiple pregnancies and
preterm births significantly increased. This is consistent with the conclusions of previous studies cited above.?** In
addition, despite the increased number of transfers, the miscarriage rate and the miscarriage rate of singleton pregnancy
in the high-quality double cleavage-stage group was lower than that in the high-quality single cleavage-stage group. This
discrepancy may be related to the smaller sample size of the single cleavage-stage group, highlighting the need for
studies with large samples. In summary, although high-quality double cleavage-stage transfer may increase the risk of
multiple pregnancies and preterm delivery, it is still recommended for all patients in the absence of transferable
blastocysts as it maximizes the overall benefit for patients.
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Compared to cleavage-stage embryos, blastocysts can be further subjected to extended in vitro culture, allowing for
the elimination of embryos with genetic defects and a higher frequency of aneuploidy.?® Additionally, blastocyst transfer
is more physiologically appropriate than cleavage-stage embryo transfer because, under natural conditions, cleavage-
stage embryos develop in the fallopian tube and do not enter the uterine cavity until the blastocyst stage. In addition, the
synchronization between the endometrium and embryo development is more optimal during blastocyst transfer, which is
conducive to successful embryo implantation. However, blastocyst culture requires a highly controlled in vitro environ-
ment, potentially increasing the risk of culture failure and cycle cancellation.

Varying perspectives on the optimal quantity and quality of frozen-thawed blastocyst transfers based on the age of
women have been presented in different studies. In a large retrospective cohort study of frozen embryo cycles,'' the
authors suggested that single blastocyst transfer may be the preferred option for all women, with more pronounced
benefits for those who are younger. Chen et al’” studied the relationship between the quantity and quality of frozen-
thawed blastocyst transfers and pregnancy outcomes in women of different age groups (< 35 and > 35 years) and
concluded that single blastocyst transfer is the optimal choice for women of any age when high-quality blastocysts are
available.

Conversely, it has been noted in a previous study”' that single blastocyst transfer may not be suitable for all women
and is not recommended for women over the age of 40. Findings from a meta-analysis'® also reveal the feasibility of
single blastocyst transfer for women under 40 years, but for those aged 40 and older, the current evidence is insufficient
to recommend an optimal number of embryo transfers. Wu et al*? analyzed frozen-thawed blastocyst transfer strategies
for women aged 35-40 and found that although the live birth rate for high-quality single blastocyst transfer was lower
than that for high-quality double blastocyst transfer, the former also reduced the risk of adverse pregnancy outcomes,
making high-quality single blastocyst transfer still the preferred transfer strategy for women in this age group. In a recent
study,® the impact of the number of blastocysts transferred in the first and second FET cycles on pregnancy outcomes for
women aged 35 years and older was explored. The authors concluded that, for women aged 35-37, single blastocyst
transfer was a better choice for both the first and second FET cycles, whereas for women aged 38-42, double blastocyst
transfer could achieve a higher live birth rate in the second FET cycle.

In our study, for women aged 35 years and older, the clinical pregnancy rate and live birth rate for double high-quality
blastocyst transfer were significantly higher than those for single high-quality blastocyst transfer, while the rate of
multiple pregnancies and preterm births also significantly increased. This indicates that double high-quality blastocyst
transfer achieves better pregnancy outcomes for older women, but the associated risks of higher multiple pregnancies and
preterm births cannot be overlooked. Therefore, this strategy should be tailored selected. Clinician should carefully
consider each patient’s medical history and personal preferences, ensuring that they fully inform patients of both the
benefits and risks of double-high-quality blastocyst transfer before proceeding with the procedure. Patients who under-
went this transfer strategy in our center were mainly those with a history of single high-quality blastocyst transfer failure,
non-scarred uterus, other conditions that are unfavorable for pregnancy (such as endometriosis), or other socioeconomic
reasons. In contrast, we also found that in the group of women aged less than 35 years, when compared with single
blastocyst transfer, double blastocyst transfer did not increase the pregnancy rate and live birth rate but increased the risk
of miscarriage rates of singleton pregnancy, multiple pregnancies and preterm births. Therefore, based on our results in
this study, we strongly recommend single high-quality blastocyst transfer for younger women under 35.

In conventional IVF practices, clinicians tend to opt for transferring two blastocysts when dealing with poor-quality
embryos, as this can increase the likelihood of a successful pregnancy with poor-quality blastocysts.>* Since the chance
of live birth with the transfer of a single poor-quality blastocyst is only about 57% of that achieved with transferring two
poor-quality blastocysts, and there is no significant difference in the rate of multiple pregnancies between the two
approaches, double blastocyst transfer may be beneficial in the absence of high-quality embryos.*® In our study, the
clinical pregnancy rate and live birth rate with double poor-quality blastocyst transfer were higher than with single poor-
quality blastocyst across different age groups. However, in women under 35 years, this strategy also resulted in
a significant increase in the rate of multiple pregnancies due to the increase in the number of embryos transferred.

Considering this unfavorable factor, it is recommended that young women decide on the number of poor-quality embryos
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to transfer based on their personal preferences and medical circumstances. To increase the chance of a live birth, for older
women, double poor-quality blastocyst transfer is strongly recommended.

An additional finding in this study was that in the group of women aged less than 35 years, compared with the transfer
of a single good blastocyst, the transfer of one good and one poor blastocyst did not improve the pregnancy rate and live
birth rate but significantly increased the rate of multiple pregnancies and preterm births. Similarly, in the group of women
aged 35 years and older, transferring one good and one poor blastocyst did not improve the pregnancy rate or live birth
rate, but significantly increased the rate of multiple pregnancies. Although there was no statistical difference, the preterm
birth rate also had a significant trend to increase.

There is ongoing debate in the literature regarding the impact of co-transferring poor-quality embryos on the

performance of superior embryos. Several authors®®

noted that the transfer of poor embryos does not adversely affect
the development of co-transferred high-quality embryos, but it significantly increases the likelihood of multiple
pregnancies. Our findings are consistent with these conclusions. Zeng et al*' analyzed the pregnancy and neonatal
outcomes of transferring one good and one poor blastocyst in FET cycles and noted that in the group of women under 35
years of age, transferring a single good blastocyst could achieve satisfactory live birth rate, while transferring one good
and one poor blastocyst increased the rate of multiple pregnancies. Among women aged 35 and older, they found no
difference in the rate of multiple pregnancies and live birth rates between the group that received one good and one poor
blastocyst transfer and the group that received only a single good blastocyst.

On the contrary, Wang et al*’ reported that in the group of women aged less than 35 years, transferring one good and
one poor blastocyst led to a significantly higher rate of multiple pregnancies compared to the group that received a single
good blastocyst transfer, with no difference in live birth rates. This finding is consistent with the above study.*' However,
in the group of women aged 35 years and older, Wang et al found that both the live birth rate and the rate of multiple
pregnancies were higher in the group that received one good and one poor blastocyst transfer than in the group with
a single good blastocyst transfer, which differs from the conclusions of the previous study.*'

In additional research,*? it has been suggested that, regardless of whether it is a fresh or frozen-thawed blastocyst
transfer cycle, transferring one good and one poor blastocyst reduces the live birth rate when compared with transferring
a single good blastocyst, though the difference was not statistically significant.

In summary, the findings from our study support the view that adding a poor-quality blastocyst to the transfer of
a high-quality blastocyst does not improve pregnancy outcomes but instead, increases the rate of multiple pregnancies
and other adverse outcomes. Therefore, adding a poor-quality blastocyst to the transfer of a high-quality blastocyst is not
recommended for all patients.

43-47

It has been noted in multiple studies that the proportion of male infants born following blastocyst transfer is

higher compared to that after cleavage embryo transfer. Additionally, in other studies also,*®*’

the proportion of male
births has been found to be higher with high-quality blastocysts compared to poor-quality blastocysts. A large-sample
study on gender ratios®® found that performing ICSI and transferring cleavage-stage embryos was associated with an
increase in the likelihood of female births, whereas performing IVF with blastocyst transfer was more likely to result in
male births. In our study, we analyzed the gender ratios of live births across different age groups and did not find
significant differences. This could be attributed to the substantial variations in sample sizes across groups, which may
have influenced the statistical outcomes.

Zhang et al’' found that the birth weight Z-scores and the proportion of large-for-gestational-age infants born after
blastocyst transfer in FET cycles were higher than those resulting from cleavage-stage embryo transfer. In another

32 the authors highlighted the correlation between embryo quality and neonatal outcomes, suggesting that

study,
transferring low-quality blastocysts is associated with lower birth weights in singletons. Conversely, in their comparison
of factors affecting birth weight in both frozen embryo transfer and fresh embryo transfer, Tsuji et al’* concluded that the
main factor influencing singleton birth weight could be the hormonal environment of the endometrium before and after
transfer, rather than the type of embryo or the process of freezing and thawing itself. In our study, we did not compare the
birth weights of singletons born after frozen-thawed cleavage-stage embryo and blastocyst transfers, nor did we analyze
the birth weights of singletons among different quality blastocysts. Based on previous groupings, the analysis of birth

weights among patients in different age groups did not yield any significant differences.
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Numerous factors influence clinical pregnancy rates and embryo implantation during fresh cycles, including elevated
estrogen levels or premature progesterone caused by ovarian stimulation, both of which can affect endometrial
receptivity. Therefore, in this study, we focused exclusively on a retrospective analysis of frozen embryo cycles,
exploring the relationship among different age groups, quantities, and qualities of cleavage-stage embryos or blastocysts,
and subsequent clinical and neonatal outcomes. This approach aims to provide a reference for the optimal FET strategies
for different age groups of patients. The typical practice in our center is the freezing of one to two high-quality cleavage-
stage embryos and cryopreservation of the rest of the embryos after blastocyst culture. As a result, the number of cycles
of frozen embryos transferred to inferior cleavage-stage embryos was limited and not analyzed in this study. A distinctive
feature of this study is the analysis of the various frozen embryo transfer protocols based on the specific context of our
center, thereby offering guidance for clinicians in selecting personalized frozen embryo transfer strategies.

This study represents the first effort to integrate different embryo morphologies, qualities, and quantities into various
transfer strategies during the FET cycle. A stratified analysis based on the woman’s age was conducted to develop
personalized FET strategies at our center. A distinctive feature of this study is the analysis of the various frozen embryo
transfer protocols based on the specific context of our center, thereby offering guidance for clinicians in selecting
personalized frozen embryo transfer strategies.

However, this study is subject to a few limitations. First, in this study, only the age of the female patient at the time of
embryo transfer was considered, and the age of the patient at the time of embryo cryopreservation was not taken into
account, which was the key factor determining the success rate. Second, it represents a retrospective analysis conducted
within a single reproductive center. There is a need for a large-scale, prospective, multicenter, randomized controlled trial
with rigorous control of external variables. Third, although age based stratified analyses were conducted, participants
were only roughly categorized into two groups. As the number of cycles in our center increases, we plan to conduct more
detailed stratified analysis by age in future studies (eg, ages < 30, 30-34, 35-39, > 40). Fourth, despite factors such as
age, duration of infertility, and endometrial thickness were considered, but there were still other confounding factors that
were not controlled. Stratifying by additional factors like infertility type or other health conditions could provide a more
nuanced understanding of how these factors interact with embryo transfer strategies. Fifth, the sample size is insufficient
to draw convincing conclusions. Especially sample size variability among some patient subgroups (eg those with poor
quality embryos) may affect the robustness of findings for those specific groups. Caution is necessary when generalizing
these findings.

Conclusion

During frozen embryo transfer cycles, regardless of age, the transfer of two high-quality cleavage embryos is recom-
mended to achieve favorable pregnancy outcomes For women under 35 years of age, the recommendation is to first opt
for a single high-quality blastocyst transfer For patients aged 35 years and older, transferring two high-quality blastocysts
is recommended. Additionally, compared to a single non-high-quality blastocyst transfer, transferring two non-high-
quality blastocysts may improve pregnancy outcomes for older patients. However, multicenter study is need to confirm
the generalizability of these findings in different clinical settings, to ensure the reliability of recommendations.
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