Heliyon 10 (2024) e40103

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Outcomes of different transfer strategies for in vitro fertilization/
intracytoplasmic sperm injection with poor-quality
embryos—Analysis of embryonic development, perinatal period,
and neonatal outcomes

Lei Jin', Zhou Li "', Keyi Si, Bingxin Ma, Xinling Ren, Bo Huang

Reproductive Medicine Center, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, 430030

ARTICLE INFO ABSTRACT
Keywords: During the in vitro fertilization and embryo transfer process, some expectant mothers may not
IVF-ET have good embryos to choose from before the embryo transfer. Recommendations for this con-
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Fetal outcomes

Clinical decision-making
Time-lapse

dition are currently unclear, and relevant clinical and neonatal outcomes are still lacking. This
study analyzed the outcomes of poor-quality embryo transfers, including fetal outcomes, in the
fresh cycle and frozen—thawed embryo transfer cycle. Embryos were also analyzed for abnor-
malities during the cleavage stage. The results indicate that in the absence of good embryos,
clinicians and embryologists could advise expectant mothers to continue culturing the embryos to
the blastocyst stage and undergo transfer if blastocysts are formed. This finding can also be used
as a reference for many expectant mothers with frozen embryos that have not yet been thawed.

1. Introduction

The selection of high-quality embryos in the in vitro fertilization (IVF) cycle has always been a topic of great concern for clinicians
and embryologists. Recently, there have been many reports on methods of high-quality embryo selection in addition to the traditional
morphological observation, such as assessing the metabolic status of embryos [1-3], artificial intelligence technology selection [4-6]1,
evaluating developmental dynamics [7-9], assessing the genetics status [10,11], and prolonging the culture time [12,13]. These
methods have greatly helped embryologists select high-quality embryos for transfer and have resulted in successful live births.
However, a precondition for being hopeful is that the patient has good embryos.

In an IVF cycle, the number of oocytes obtained from each patient is limited based on the patient’s ovarian reserve and absence of
ovarian hyperstimulation syndrome. The average number of oocytes retrieved is approximately 10 and may even be less than 3 in some
countries and regions [14]. Since the number of embryos obtained may be limited, it further reduces the number of high-quality
embryos available. During embryonic development, the cleavage pattern of the embryo is essential to assess the quality and clin-
ical outcome of the embryo [15]. Generally, cleavage embryos undergo their first mitotic cycle approximately 25 h after fertilization,
and the second mitosis occurs approximately 10 h later. After another 12 h, the embryo undergoes the third mitosis, which is
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completed in approximately 5 h and forms an 8-cell embryo [16,17]. These embryos are desirable to every embryologist. However, in a
single IVF cycle, the proportion of Day 3 high-quality embryos is only 15-30 % [18]. Therefore, at some point, we may encounter
patients with no available normal cleavage embryos, especially on Day 3 where only 6-cell, 5-cell, or even 4-cell embryos can be
selected. These embryos may be stunted, the cleavage pattern may be incorrect, or part of the blastomere may be broken into small
fragments [19]. Hence, we need to determine the approach for patients with only <6-cell embryos. In such circumstances, we select the
best embryos from these abnormal cleavage embryos for transfer or continue to culture and transfer if the blastocysts are formed.
Alternatively, we advise the patient to discontinue this cycle and start a new IVF cycle. Chromosomal analysis can be performed on
4-cell, 5-cell, and 6-cell embryos on Day 3, and we can transfer them if they are euploid. However, for the most part, a regular IVF or
intracytoplasmic sperm injection (ICSI) cycle does not involve genetic screening. Therefore, determining the outcomes of such embryo
transfers is essential.

This study retrospectively analyzed the outcomes of 4-cell, 5-cell, and 6-cell cleavage-stage embryo transfers, including neonatal
outcomes, in the fresh cycle and frozen-thawed embryo transfer (FET) cycle. The embryos were also analyzed for abnormalities during
the cleavage stage. We hope that these results will guide embryologists and clinicians on management strategies in the absence of
normal cleavage embryos in patients.

2. Materials and methods
2.1. Study design and patients

This single-center cohort study included 27,129 fresh and FET cycles from January 2017 to July 2021. All cycles were either single
cleavage embryo transfer (SET) or single blastocyst transfer (SBT) performed at the Reproductive Medicine Center, Tongji Hospital. All
patients provided written informed consent and underwent routine clinical treatment at our center. No additional interventions were
performed. This study conformed to the Declaration of Helsinki for Medical Research involving humans. It was approved by the Ethical
Committee of the Reproductive Medicine Center, Tongji Hospital.

The main population for this experiment comprised patients with only 4-cell, 5-cell, or 6-cell embryos to choose from on Day 3 of
the fresh cycle. In this situation, some patients may insist on choosing Day 3 transfer, regardless of the number of cells in the embryo.
Other patients may choose to continue the culture and transfer when the blastocysts are available. If the fresh cycle is not suitable for
transfer (trigger day progesterone >1.5 ng/mL, estrogen >5000 pg/mL, or number of oocyte >20), some patients may insist on
choosing Day 3 to freeze directly and then proceed to the FET cycle. Other patients may choose to continue the culture. If the
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Fig. 1. Flow chart of the study design.
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blastocysts are available, they can be frozen, and then the FET cycle can be performed. The flow chart of the experimental design is
shown in Fig. 1.

2.2. Embryo incubation

Gamete preparation, insemination, and embryo incubation were performed as described in our previous paper [17]. Briefly, density
gradient centrifugation was used to process the semen samples. The morphology, motility, and concentration of the sperms were
evaluated according to the fifth edition of the World Health Organization guidelines. In the IVF cycles, cumulus-oocyte complexes were
inseminated with 10,000 motile spermatozoa 3-4 h after retrieval. In the ICSI cycles, the cumulus cells and corona radiata of the
oocytes were removed by brief exposure to hyaluronidase 2-3 h after retrieval. ICSI was performed on metaphase II oocytes observed
under an inverted microscope. All fertilized oocytes were then continuously cultured in the Time-lapse (TL) system (Vitrolife,
Denmark). Embryo evaluation was conducted at a relatively fixed time (8:00am to 9:00am) on Day 3. An optimal cleavage-stage
embryo was routinely selected for transfer, and the remaining embryos were frozen or cultured until the blastocyst stage and then
frozen for subsequent FET cycles.

2.3. Time-lapse monitoring and morphokinetic parameters

All fertilized oocytes were cultured at 37 °C until Day 5 or 6 under 6 % CO3, 5 % Og, and 89 % N, conditions in the TL system, with
each embryo’s image captured every 10 min. Morphokinetic parameters and cleavage pattern analysis of the embryos were performed
using Embryoviewer software. All embryos were grouped according to the first, second, and third cleavage stages. The first cleavage
was divided into normal cleavage (1-2 cells) and abnormal cleavage (direct cleavage, 1 to >3 cells). Embryos with a first normal
cleavage underwent a second cleavage, which was divided into normal cleavage (2—4 cells) and abnormal cleavage (direct cleavage, 1
to >3 cells; or one blastomere that stops developing). The third cleavage was divided into direct cleavage (1-3 cells) to form 6-cell
embryos; some blastomeres stop developing to form 5-cell or 6-cell embryos, or all blastomeres stop developing and remain in the
4-cell stage.

2.4. FET protocols

The FET protocols were based on a previous study [20]. Briefly, oral estradiol 2 mg/day was administered from Day 1 to Day 4, 4
mg/day from Day 5 to Day 8, and 6 mg/day from Day 9 to Day 12. On Day 13, when the endometrial thickness reached 8.0 mm or the
maximum, 40 mg of progesterone was administered. The cleavage embryo or blastocyst was thawed and transferred on the day after
3/5 days of progesterone administration.

2.5. Outcome measures

Biochemical pregnancy was determined by measuring the serum human chorionic gonadotropin levels 2 weeks after the embryo
transfer. Clinical pregnancy was defined as the presence of a gestational sac with fetal cardiac activity on ultrasonography 5 weeks

Table 1
Clinical outcomes of single cleavage embryo/blastocyst transfer cycles from patients with all embryos <6 cells on Day 3.

Fresh transfer cycles FET cycles

SET (<6 cellson Day3) SBT (<6cellsonDay3) SET(<6cellsonDay3) SBT (<6 cells on Day 3)

No. of transferred cycles 293 127 299 542

Age (y) 32.0 £5.0 32.1 £ 4.7 32.0 £ 4.9 319 + 4.8
FSH 8.20 + 2.8 7.85 + 2.4 8.15 + 2.9 7.90 £ 2.5
AFC 9.6 +£5.7 10.3 £ 6.1 9.3 +5.4 10.0 + 5.7
AMH 3.38 £ 34 3.52 £ 3.0 3.36 + 3.7 3.44 £ 3.1
Primary infertility (%) 183 (62.8) 80 (63.0) 194 (64.9) 325 (60.0)
Duration of infertility (y) 3.56 + 3.1 3.86 + 3.0 3.51 +£3.3 3.66 + 3.1
BMI 222+29 222 +31 22.2+ 3.0 221 +29
Mean cells 5.86 + 0.4 - 5.85 + 0.4 -

IVF cycle (% per ET) 159 (54.3) 77 (60.6) 165 (55.2) 324 (59.8)
ICSI cycle (% per ET) 134 (45.7) 50 (39.4) 134 (44.8) 218 (40.2)
Clinical pregnancy rate (% per ET) 60 (20.5) a 32(25.2)a 27 (9.0) b 197 (36.3) ¢
No. of miscarriages (% per clinical pregnancy) 14 (23.3) 5 (15.6) 5(18.5) 48 (24.4)
No. of ectopic pregnancies (% per clinical pregnancy) 0 0 0 1(0.5)

No. of induced abortions (% per clinical pregnancy) 0 0 0 1(1.4)

No. of fetal deaths (% per clinical pregnancy) 1(1.7) 0 0 0

No. of live deliveries (% per ET) 45 (15.4) a 27 (21.2) a 22 (7.4) b 148 (27.3) ¢
Singletons (% per live delivery) 42(93.3) 27 (100) 22 (100) 147 (99.3)
Twins (% per live delivery) 3(6.7)a 0 0 1(0.7)b

Each group with different superscripts differs significantly (P < 0.05). FET, frozen-thaw embryo transfer SET, single cleavage embryo transfer. SBT,
single blastocyst transfer.
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after the embryo transfer. Neonatal outcome data were obtained via telephone interviews with the parents. The questionnaire
collected information regarding the gestational age, sex, birth weight, and congenital birth defects.

2.6. Statistical analysis

All data analyses were performed using the Statistical Package for Social Sciences, version 13.0. Between-group data were analyzed
using the non-parametric Mann-Whitney U test and chi-square test. Clinical and neonatal outcomes of the SET and SBT cycles were
compared using the one-way analysis of variance (ANOVA). The cleavage times for the first, second, and third cleavage stages between
the cleavage-stage embryos (<6 cells) and blastocysts developed from <6-cell embryos were compared using one-way ANOVA. The
differences in the cleavage process between the cleavage-stage embryos (<6 cells) and blastocysts developed from <6-cell embryos
were compared using the chi-square test. The odds ratios and 95 % confidence intervals of the cleavage-stage embryos compared with
the blastocysts were calculated. Statistical significance was set at P < 0.05.

3. Results

This study included 27,129 single embryo transfer cycles, comprising 1261 SET and SBT cycles of patients with only 4-cell, 5-cell,
or 6-cell embryos on Day 3. The clinical outcomes of these patients are shown in Table 1. The basic data were similar between the
groups, including age, follicular stimulating hormone level, antral follicle count, anti-mullerian hormone level, primary infertility
ratio, duration of infertility, and body mass index. The clinical pregnancy rate in the fresh cycle was slightly lower in the SET group
than in the SBT group (20.5 % vs. 25.2 %), without a significant difference (P > 0.05). In the FET cycle, the proportion of patients who
came for FET for the first time in the SET and SBT groups was 75.3 % (225/299) and 69.2 % (375/542), respectively, with no sig-
nificant difference. The clinical pregnancy rate was significantly lower in the SET group than in the SBT group (9.0 % vs. 36.3 %) and
significantly lower than that of the SET and SBT groups in the fresh cycle. Live birth rates also showed similar results as the clinical
pregnancy rates. The results of monozygotic twins showed that the live birth rate was significantly higher in the SET group with <6-cell
embryos (6.7 %) in the fresh cycle than in the SBT group (0.7 %) in the FET cycle (P < 0.05).

Neonatal outcomes of singleton live birth cycles in patients with all embryos <6 cells on Day 3 are shown in Table 2. The results
were similar among the groups, except for birth weight. The birth weight in the SBT group in the FET cycle (3333 + 533 g) was
significantly higher than that in the SET group in the fresh cycle (3230 + 589 g), SBT group in the fresh cycle (3301 + 488 g), and SET
group in the FET cycle (3077 + 431 g) (P < 0.05).

The proportions and types of birth defects are shown in Table 3 and Supplementary Table 4). In both fresh and FET cycles, the SET
group had higher birth defect rates than the SBT group. In the fresh cycle, the birth defect rate in the SET group was 9.52 %, and no
cases of birth defects were observed in the SBT group. Similarly, in the FET cycle, the birth defect rate in the SET group was 4.54 %, and
no cases of birth defects were observed in the SBT group. Notably, the SET data of patients with only <6-cell embryos on Day 3 was
much higher than that of patients with >6-cell embryos available on Day 3 (Supplementary Table 3).

In terms of cleavage patterns, all embryos with <6 cells were analyzed using the TL video data. The results are shown in Fig. 2.
During the first cleavage, the proportion of direct cleavage in the SET group was significantly higher than that in the SBT group (23 %
vs. 16 %; P < 0.05). No significant differences were observed between direct cleavage and partial developmental arrest during the
second and third cleavage stages.

The TL parameter results corresponding to each cleavage stage are shown in Fig. 3. The results of the first cleavage showed that in
both the SET and SBT groups, the cleavage time of the direct cleavage group was significantly later than that of the normal cleavage
group by 3.7 h (P < 0.05). The results of the second cleavage of embryos with normal first cleavage showed that the cleavage time of

Table 2
Neonatal outcomes of singleton live birth cycles from patients with all embryos <6 cells on Day 3.

Parameter Fresh transfer cycles FET cycles

SET (<6 cells on Day3) SBT (<6 cells on Day 3) SET (<6 cells on Day3) SBT (<6 cells on Day 3)

No. of vaginal deliveries (%) 7 (16.7) 4 (14.8) 2(9.1) 21 (14.3)
No. of cesarean sections (%) 35(83.3) 23(85.2) 20 (90.9) 126 (85.7)
Mean gestational age, wk 38.2+2.0 38.7+1.1 381+1.8 383+1.6
No. of preterm deliveries (<37 wk) (%) 3(7.1) 0 0 15(10.2)
No. of very preterm deliveries (<32 wk) (%) 1(2.4) 0 0 1(0.7)
Mean birth weight, g 3230 =589 a 3301 + 488 a 3077 + 431 a 3333 +533b
Live birth 42 27 22 147

Birth weight <1500 g (%) 0 0 0 2(1.4)
Birth weight 1500-2499 g (%) 2 (4.8) 1@3.7) 3(13.6) 5(3.4)
Birth weight 2500-3999 g (%) 35(83.3) 25 (92.6) 19 (86.4) 123 (83.7)
Birth weight >4000 g (%) 5(10.4) 1@3.7) 0 17 (11.6)
Male 24 9 8 76

Female 18 18 14 71

Sex ratio, male/female 1.33 0.5 0.57 1.07

Each group with different superscripts differs significantly (P < 0.05). FET, frozen-thaw embryo transfer SET, single cleavage embryo transfer. SBT,
single blastocyst transfer.
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Table 3
Types of malformations among babies delivered from singleton live birth cycles.
Malformation type Fresh transfer cycle FET cycles
SET (<6 cells on Day3) SBT (<6 cells on Day 3) SET (<6 cells on Day3) SBT (<6 cells on Day 3)
Cardiovascular 2: Congenital heart disease 1: Congenital heart disease
Digestive system 1: Cleft lip and Palate
Urogenital 1: Cryptorchidism
Total birth defects/Total live birth (%)? 4 (9.52) 0 1 (4.54) 0

FET, frozen-thaw embryo transfer SET, single cleavage embryo transfer. SBT, single blastocyst transfer.
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Fig. 2. Distribution of cleavage process of transferred cleavage-stage embryos (<6 cells) and blastocysts developed from <6-cell embryos.

the direct cleavage group was later than that of the normal cleavage group in both SET and SBT groups. However, the cleavage time in
blastomeres that stopped developing was similar to that in the normal group (P > 0.05). During the third cleavage, no significant

difference was observed between the immediate cleavage group and 2- or 3-celled blastomeres that stopped developing, regardless of
whether it was the SET or SBT group (P > 0.05).

4. Discussion

In IVF-ET cycles worldwide, clinical outcomes have improved significantly compared to those reported 10 years ago or earlier.
However, despite satisfying patients, there will still be some patients with poor outcomes. The problems experienced can be of many
types, including maturity disorders, fertilization disorders, and developmental delays [21,22]. Among these problems, developmental
delays are encountered often, particularly in centers where fresh-cycle cleavage-stage embryo transfers are routinely performed. When
the embryo develops to the third day, there are only 4-cell, 5-cell, or 6-cell blastomeres, and there are no better embryos to choose
from. How should clinicians and embryologists choose in such situations? The patient may also have the same question.

Currently, there are two views. First, fresh-cycle cleavage-stage transfer should be considered, regardless of whether the embryos
meet the criteria for high-quality embryos. Second, if there is no high-quality embryo transfer, the cleavage-stage embryo transfer
should be abandoned, the embryo should be continued to culture to the blastocyst stage, and then transferred if a blastocyst is formed.

Proponents of cleavage-stage embryo transfer argue that prolonged incubation times may cause more harm or uncertainty [23,24].
No clear conclusion exists on whether prolonged culture with blastocyst stage transfer can achieve better clinical outcomes. Vos et al.
[25] concluded that the live birth rate was significantly lower with the transfer of fresh single-cleavage stage embryos than with the
transfer of blastocysts (31.3 % vs. 37.8 %; P = 0.041). Furthermore, the number of embryo transfers required until the first live birth
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with blastocyst-stage embryos was significantly lower than that with cleavage-stage embryos (P < 0.001). However, the cumulative
live birth rate was 52.6 % for the cleavage-stage transfer and 52.5 % for the blastocyst-stage transfer (P = 0.989). A meta-analysis also
found no significant differences in the pregnancy outcomes between the blastocyst-stage and cleavage-stage embryo transfers [26]. In
this study, the clinical pregnancy rate was also similar between the fresh cycle cleavage-stage <6-cell embryo transfers and the
cultured blastocyst group (20.5 % vs. 25.2 %; P > 0.05). Third, blastocyst transfer has the potential to alter epigenetic variations and
sex ratios in the offspring [27]. In our center, our baseline SBT population with good-quality embryos (>6 cells) had a higher pro-
portion of male fetuses than the SET population, showing a significant difference in the fresh cycle (1.33 vs. 1.11; P < 0.05)
(Supplementary Table 2). However, in the absence of >6-cell embryos, which was the focus of this study (Table 2), the proportion of
male fetuses did not differ significantly (P > 0.05).

Those who support blastocyst-stage embryo transfer believe that blastocyst transfer has a higher implantation rate and clinical
pregnancy rate than cleavage-stage embryo transfer [28,29], and the number of embryos transferred is less [30-32], which greatly
reduces multiple pregnancy rates. In our center, our baseline SBT population with good-quality embryos (>6 cells) showed a higher
clinical pregnancy rate than the SET population (P < 0.05) in both the fresh and FET cycles (Supplementary Table 1). However, as
mentioned previously, the clinical outcomes of blastocyst cultures were not significantly altered in the absence of >6-cell embryos
[33]. Second, blastocyst transfer and endometrial receptivity may be more synchronized [34]. Additionally, blastocyst-stage embryo
transfer is associated with a lower rate of chromosomal abnormalities than cleavage-stage embryo transfer [35]. Although abnormal
cleavage conditions, such as direct cleavage, rapid cleavage, and retrograde cleavage, occur in cleavage-stage embryos, these ab-
normalities may not affect blastocyst euploidy [36,37]. These results suggest that blastocyst culture can help eliminate problematic
embryos [38,39]. Moreover, blastocyst transfer avoids premature exposure of embryos to the changing intrauterine environment due
to ovulation (excessive estrogen levels reduce endometrial receptivity) [40].

Based on the aforementioned points of view, there are no clear guidelines in cases where >6-cell embryos are not available. In our
reproductive center, clinicians and embryologists often encounter this situation, where they inform the patients about their embryonic
development and that they can insist on choosing Day 3 transfer or continue to cultivate all of them until Day 5/6 and transfer the
available blastocysts if formed. The patients are also informed about the risk of cycle cancellation. Patients are allowed to make their
own choices. In this study, we found that there appeared to be no differences in the clinical pregnancy rates, miscarriage rates, and live
birth rates between SET and SBT in the fresh cycles when >6-cell embryos were unavailable. This was not known before.

Moreover, this study found that neonatal birth outcomes differed between SET and SBT in the fresh cycle when >6-cell embryos
were unavailable. The proportion of birth defects in SET of <6-cell embryos was 9.52 % (4/42) in fresh cycles and 0 (0/27) in SBT.
Although the sample size of live births in both groups was small owing to the lack of >6-cell embryos, this result deserves our attention.
The birth defect rate of SET for <6-cell embryos in fresh cycles was quite high (9.52 %) and much higher than that of our baseline SET
population with good-quality embryos (>6 cells). Lijuan et al. [41] reported that 246 embryos with only 4-5 cells in a fresh cycle on
Day 3 were cultured further to form blastocysts, and 41 patients formed blastocysts for transfer, with 22 live births and no birth defects.

In conclusion, in the absence of available embryos in a fresh cycle, we should directly transfer low-grade cleavage-stage embryos or
proceed to blastocyst culture and transfer them after blastocyst formation. By comparing the clinical and neonatal birth outcomes of
these two practices, this study shows that the direct transfer of low-grade cleavage embryos may be associated with an increased risk of
neonatal birth defects. Therefore, in the absence of >6-cell embryos for fresh-cycle transfer, clinicians and embryologists should
recommend that patients continue culturing embryos to the blastocyst stage and transfer them if the blastocysts are formed.
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