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Abstract

To determine whether embryo developmental stage or morphological grading can predict live birth rate (LBR) from a single
blastocyst in nonbiopsied and biopsied frozen embryo transfer (FET) cycles. This retrospective study included 1336 nonbiopsied
and 360 euploid FET cycles. Blastocysts were divided according to developmental stage (day 5 [D5] and day 6 [D6]) and
morphology (good quality and low quality). Nonbiopsied cycles in which D5 blastocysts were transferred were associated with a
significantly higher LBR than those in the D6 group (48.5 vs. 24.3%; p <0.001), as well as in good-quality embryo transfer
cycles than that in low-quality embryo cycles (52.6 vs. 25.3%; p <0.001). Embryos reaching good-quality blastocysts on D5
yielded significantly higher LBR than those similar quality blastocysts on D6. The same trend was seen in low-quality embryos.
Concerning only D5 or D6 blastocyst transfer, the LBRs of good-quality embryos were still superior to those of low-quality
embryos. In the case of euploid embryo transfers, the LBR (48.9 vs. 44.9%, p = 0.444) of D5 blastocysts did not significantly
differ from that of D6 blastocysts. Good-quality embryos showed a higher LBR than low-quality embryos (51.6 vs. 40.0%, p =
0.030); the adjusted odds ratio remained insignificant after controlling for confounders (aOR 1.56; 95% C10.99-2.45; p = 0.056).
The LBRs in the same developmental stage or morphology subgroups were not statistically significant. Embryo developmental
stage and morphological grade are useful predictors of LBR in nonbiopsied FET cycles. However, no association was found in
euploid transfer cycles.
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Introduction stage is one major factor [1]. Studies have shown that trans-

ferring blastocysts can increase the pregnancy rate and live

Recently, the focus of in vitro fertilization (IVF) has shifted
from pursuing higher pregnancy rates to achieving a single,
safe, and comfortable pregnancy. Among all the factors that
predict the success rate of I[VF, the embryo developmental
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birth rate (LBR) over what is achieved with cleavage-stage
embryos [2]. Multifetal pregnancy results in a much higher
risk of pregnancy complications and neonatal morbidity than a
singleton pregnancy, and is the most significant adverse event
of IVF treatment [3]. To date, the single blastocyst transfer
(SBT) strategy is the most effective method for avoiding the
complications of multiple pregnancies and for producing fa-
vorable clinical outcomes [4].

Usually, embryos are cultured to day 5 (D5) after fertiliza-
tion, but embryos that grow slowly can develop to day 6 (D6)
blastocysts or even later. Numerous studies have aimed to de-
termine whether transferring D5 or D6 blastocysts is better in
terms of pregnancy outcomes. There is no consensus about the
priority of transferring D5 blastocysts to D6 blastocysts in fresh
transfer cycles to provide better synchrony between embryos
and endometrium [5—7]. Additionally, one meta-analysis pub-
lished in 2010 concluded that transferring blastocysts frozen on
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day 5 and day 6 was associated with comparable results when
embryos were at the same developmental stage [8]. However,
with the wide use of vitrification protocols instead of slow-
freezing techniques, a large number of studies have shown that
D5 blastocysts are superior to D6 blastocysts in frozen-thawed
embryo transfer (FET) cycles [9—14]. A recent meta-analysis by
Bourdon et al. concluded that D5 blastocyst transfers resulted in
a higher clinical pregnancy rate (CPR) and LBR than D6 em-
bryos in FET treatment [15].

In addition to the developmental stage of the embryo playing
a key role in IVF treatment, embryo quality also determines
clinical outcomes. Currently, the most commonly used protocol
for assessing blastocyst quality is the analysis of embryo mor-
phology with inner cell mass (ICM) and trophectoderm (TE)
grading. One study found no difference in clinical results after
transferring good-quality embryos in the D5 and D6 groups
[11]. However, this conclusion is still under debate, as some
studies indicated better pregnancy outcomes following the use
of blastocysts vitrified on day 5 than on day 6 when comparing
only good-quality embryos [10, 12].

On the other hand, due to morphological grading being
unable to determine the ploidy status of an embryo, preim-
plantation genetic testing for aneuploidy (PGT-A) has become
a common procedure to assess embryo quality. After exclud-
ing aneuploid embryos, PGT-A was shown to potentially in-
crease LBRs and decrease early pregnancy failure rates [16].
Conlflicting results persist regarding the embryo developmen-
tal stage and chromosomal status on transfer outcomes. The
implantation rate (IR) and CPR were significantly higher fol-
lowing euploid D5 embryo transfer than they were following
euploid D6 transfer in some representative studies [11, 17,
18]. However, some studies challenged that conclusion with
data showing no difference in pregnancy results between the
two groups [19, 20].

Therefore, we conducted this retrospective study to deter-
mine the complete range of clinical outcomes based on em-
bryo developmental stage, embryo quality by morphological
grading, and ploidy status to provide more in-depth data for
clinicians and patients when facing FET.

Materials and Methods
Patients

This retrospective study was conducted from January 2017 to
May 2019 at the reproductive center of the hospital in accor-
dance with the Declaration of Helsinki and with the approval
of the Ethics Committee of Nanjing Maternity and Child
Health Care Hospital (NJFY-2020KY-051).

Inclusion criteria for participants undergoing nonbiopsied
cycles are as follows: (a) patients younger than 42 years old,

@ Springer

(b) D5 or D6 single autologous blastocyst transfer in frozen
cycles, and (c) previous failed FET cycles <2.

Patients with normal karyotypes underwent PGT-A treat-
ment following one of the following indications: recurrent
pregnancy loss (RPL, >2 pregnancy losses before 12-week
gestation), repeated implantation failure (RIF, > 3 transfers or
> 5 optimal quality embryos failing to implant), advanced ma-
ternal age (AMA, > 38 years), or severe male factor infertility.

The exclusion criteria for both groups were as follows: (a)
endometrial thickness <7 mm upon the initiation of proges-
terone exposure, (b) presence of uterus malformation or
fallopian hydrosalpinx, (c) cycles of oocyte donation or vitri-
fied oocyte, and (d) missed cycle data and follow-up.

Stimulation and Embryo Culture Protocols

All participants underwent a flexible gonadotropin-releasing
hormone (GnRH) antagonist protocol, which started from the
third day of the menstrual cycle with the application of recom-
binant follicular stimulating hormone (rFSH, Gonal-F, Merck
Serono, Italy) varying from 150 to 225 IU per day. We mon-
itored follicular growth by ultrasound scan and sex hormone
levels (FSH, luteinizing hormone, estradiol, and progesterone)
and adjusted the dose of gonadotropin (Gn). When at least two
follicles are larger than 18 mm, a 10,000 IU human chorionic
gonadotrophin (hCG, Lizhu, China) injection was given to
achieve final oocyte maturation, and oocyte retrieval was
scheduled 36 h later. Based on sperm quality, conventional
IVF or ICSI was performed. For couples who underwent the
PGT-A procedure, only insemination via ICSI was conducted.
The oocytes and embryos were cultured according to our pre-
viously published article [21].

Embryo Biopsy and Euploidy Analysis

Embryos with grades 4 or above and with at least 1 score B for
either ICM or TE (AA, AB, BA, BB, BC, and CB) on day 5 or
day 6 were considered eligible for biopsy. The blastocyst was
positioned on the holding pipette with ICM away from the
biopsy pipette. A laser (Hamilton Thorne Inc., Beverly,
USA) was used to assist the opening of a 10-20-pm hole in
the zona pellucida to make sure the aperture was wide enough
to allow the passage of several TE cells. The biopsy pipette
was then carefully pressed against the zona and gently aspi-
rated 4-5 cells into the biopsy pipette. Once the biopsy pipette
was totally outside the zona pellucida, 23 laser pulses were
directed at the junctions between cells. After releasing the
holding pipette, the target TE cells were separated from the
blastocyst by a quick flicking movement from the biopsy pi-
pette against the holding pipette. The aspirated TE cells were
released into the biopsy drop and were washed and prepared
before processing for next genetic sequencing (NGS). The
whole-genome amplification (WGA) procedure involved cell
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lysis, and fragmentation and amplification procedures on bi-
opsy and control samples using a SurePlex DNA
Amplification System (Illumina, San Diego, CA, USA).
Later, the amplified samples were analyzed with a VeriSeq
PGT Kit (Illumina, San Diego, CA, USA) along with NGS
on a MiSeq according to the manufacturer’s recommenda-
tions. Euploidy results were then confirmed, with euploid em-
bryos to be transferred and all aneuploid or mosaic blastocysts
to be excluded from transfer [22].

Vitrification and Warming Procedures

D5 or D6 blastocysts were scored according to the cavity
expansion level, along with ICM and TE grade [23].
Blastocyst expansion was assigned one of the following de-
scriptions: the blastocoel filling < 50% of the nonexpanded
embryo (Gardner grade 1), the blastocoel filling >50% of
the embryo (Gardner grade 2), the blastocoel filling ~ 100%
of the full blastocyst (Gardner grade 3), an expanded blasto-
cyst with a thin zona pellucida (Gardner grade 4), a hatching
blastocyst (Gardner grade 5), and a blastocyst that has
completely hatched out of the zona pellucida (Gardner grade
6). The ICM was assigned one of the following grades: nu-
merous tightly packed cells (A), several and loosely packed
cells (B), and very few cells (C). Similarly, TE grading was as
follows: many cells organized in the epithelium (A), several
cells organized in the loose epithelium (B), and few large cells
(C). For unbiopsied embryos, D5 or D6 blastocysts at stage 3
or above with at least 1 score B for either ICM or TE were
selected for vitrification. In biopsied cycles, embryos reaching
grades 4 or above with the same standard of ICM or TE on day
5 or day 6 were vitrified after biopsy. If the ICM and TE scores
were both above grade B (>3 BB), the blastocyst was defined
as a good-quality blastocyst; otherwise, it was considered a
low-quality blastocyst (grades 3—6 AC/BC/CA/CB).
Embryos were vitrified and warmed based on the protocols
previously described [24]. Vitrification and thawing solutions,
as well as Cryotop, were purchased from Kitazato Corporation
(Kitazato BioPharma Co., Shizuoka, Japan). The frozen blas-
tocysts were firstly equilibrated at room temperature and then
soaked in vitrification solution for 1 min. For vitrification, the
embryos were moved to the top of Cryotop and immediately
put into liquid nitrogen. Fully expanded blastocysts were ar-
tificially collapsed with a laser-assisted incubation system
(200 ms laser). For thawing, the cryotubes were transferred
into the thawing solution at 37 °C for 1 min. After processing
the embryos in diluent solutions and different washing solu-
tions, the embryos were placed into an equilibrated and
warmed culture medium. Before the warmed blastocysts ex-
panded (within 5 min after the warming procedure was com-
pleted), assisted hatching was used according to the previous
protocols [25]. After surviving the warming procedure, those
post-thaw embryos without biopsied were cultured at 37 °C in

a 6% CO,, 5% O,, and 89% N, incubator for another 16 h
before transfer. For those biopsied embryos, an additional 2—
4-incubation was performed before transfer due to our work
schedule. Both good-quality and low-quality embryos classi-
fied at vitrified stage were transferred.

Endometrial Preparation and Luteal Phase Support

The choice of endometrial preparation was based on clinical
discretion and patient preferences. Participants with regular
menstruation treated under a natural cycle (NC) were monitored
from day 10 to 12 of their menstrual cycles. We monitored
follicular growth, endometrial thickness, and type using serial
transvaginal ultrasonography. When the leading follicle was
larger than 18 mm, the progesterone level < 1.5 ng/ml, and the
endometrial thickness >7 mm (as determined by tri-laminar
lining), 10,000 IU hCG was injected. We then monitor the fol-
licle the next day and 1 day after that if no sign of ovulation was
found. It took about 24-48 h after hCG administration to con-
firm the ovulation by ultrasound. All patients took 30 mg of oral
dydrogesterone (Abbott Biologicals B.V., Netherlands) in three
divided doses on the day after ovulation confirmation (P + 0)
and continued taking it until 14 days after FET.

In artificial cycles (AC), oral estrogen (estradiol valerate,
progynova, Bayer, France) was started at 4-6 mg per day on
the second day of the menstrual cycle for 1 week and adjusted
to 810 mg based on the endometrial thickness and serum
estradiol (E2) level. This group was further divided according
to the addition of GnRH agonist (triptorelin acetate,
Diphereline, IPSEN, France), which was administered at the
early part of the follicular phase (days 2—4) during the men-
strual cycle. After downregulation was confirmed with base-
line hormonal and transvaginal ultrasound assessment (i.e., E2
level > 30 pg/ml, luteinizing hormone and FSH levels < 5 TU/
L, and endometrial thickness < 5 mm), daily administration of
4-6 mg of oral estrogen was commenced. When the endome-
trial thickness reached 7 mm and serum E2 level peaked at
200 pg/ml, 90 mg of vaginal progesterone (Crinone, Merck
Serono, UK) once a day and 10 mg of dydrogesterone three
times daily were administered (P + 0).

All embryo transfer treatments were performed on the 6th
day of progesterone exposure (P + 5). To conclude, it took 6—
7 days (144—168 h) for embryo transferring after hCG trigger
in NC and 5 days (120 h) after progesterone supplementation
in AC.

Clinical Outcome

The 3-hCG value was examined at 2 weeks after FET. If the
pregnancy test was positive, luteal phase support lasted until
gestational weeks 8—10. Clinical pregnancy was confirmed by
gestational sac identification through ultrasound after 6 weeks
of pregnancy. Early miscarriage was termed fetal loss before
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gestational week 12. Live birth was considered when a living
fetus was born after 28 weeks of pregnancy. The primary
outcome was LBR. The secondary outcomes included CPR
and early miscarriage rate (EMR).

Statistical Analysis

All data were analyzed with SPSS 24.0 (IBM, NY, USA).
Comparisons between groups were analyzed by the independent
samples ¢ test and Mann-Whitney U test (if data were not nor-
mally distributed). Pearson’s chi-square tests were used for cat-
egorical data. Multivariate analysis was conducted to confirm
whether embryo developmental stage and morphological grad-
ing were independently related to LBR after adjusting for con-
founding factors. The included variables in the multiple regres-
sion model were those with a significance on univariate analysis
at p <0.05 or more and those that could potentially affect live
birth outcome. Results are expressed as adjusted odds ratio
(aOR) and 95% confidence intervals (95% CI). p <0.05 was
considered statistically significant. We performed a post hoc
sample size calculation at 80% power and o= 0.05 (two-sided).
A sample size of 110 can detect a 25% difference in LBR
(baseline rate 50%) in nonbiopsied cycles. In biopsied cycles,
an approximate sample sizes of 270 per group was needed
to detect a LBR difference between 52 and 40% and of 1550
per group can detect a difference between 50 and 45%.

Results
Study Population

As shown in Fig. 1, we retrospectively enrolled patients un-
dergoing SBT cycles with all the embryos surviving from the
vitrified and warmed procedure between January 2017 and
May 2019. In the initial recruitment of 2226 SBTs performed
in our reproductive center, 519 FETs were excluded for the
following reasons: age >42 years (n=188), previous failed
FET cycles >3 (n=202), endometrial thickness at the start of
progesterone administration <7 mm (n = 92), uterus malfor-
mation or fallopian hydrosalpinx (n=29), and cycles of oo-
cyte donation or vitrified oocyte (n=8). Additionally, 11
FETs were excluded due to missing data or loss of follow-
up. A total of 1336 nonbiopsied and 360 biopsied cycles were
analyzed in this study. Based on the embryo developmental
stage (DS and D6) and morphological grading (good quality
and low quality), we analyzed the CPRs, EMRs, and LBRs in
both nonbiopsied and biopsied cycles and each subgroup.

Nonbiopsied Transfer Cycles

The baseline characteristics of the cycles are presented
in Table 1. The mean age, body mass index (BMI),
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basal FSH, luteinizing hormone (LH) and E2 levels,
and endometrial thickness on the first day of progester-
one administration were comparable between the two
groups (D5 and D6; p>0.05). In addition, the propor-
tions of the type and cause of infertility, as well as
endometrium preparation protocol, showed no difference
within groups (p>0.05). We observed a significant dif-
ference in the proportion of embryo stage subdivided
according to the duration of infertility (»p =0.002). A
higher percentage of good-quality embryos was seen in
the DS group (71.6 vs. 28.0%, p<0.001). In regard to
different morphological grading, good-quality embryo
groups had statistically younger maternal age (30.8+
3.9 vs. 31.4+4.2, p=0.007) and higher proportion of
D5 blastocysts (85.7 vs. 48.0, p<0.001).

When analyzing clinical outcomes shown in Table 2, we
noticed both a significant increase in CPR (overall, 58.2 vs.
32.0%, p<0.001) and LBR (overall, 48.5 vs. 24.3%,
p<0.001) in the D5 group compared to the D6 group.
However, no difference was observed between the two groups
in terms of the EMR (overall, 13.6 vs. 17.2%, p=0.293). In
addition, good-quality embryo transfer cycles yielded statisti-
cally higher CPR (overall, 61.8 vs. 34.3%, p <0.001) and LBR
(overall, 52.6 vs. 25.3%, p < 0.001) and a statistical lower EMR
(overall, 12.0 vs. 20.0%, p =0.008) than low-quality embryo
cycles. The significance still existed after the multiple logistic
regression analysis (D5 vs. D6 blastocyst: aOR =2.01; 95%
CIL: [1.51-2.68]; p<0.001 and good-quality vs. low-quality
embryo: aOR=2.51; 95% CI: [1.94-3.24]; p<0.001)
(Table 3). The including confounders were age, BMI, duration
of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial
thickness, developmental stage (D5 vs. D6), and morphological
grading (good-quality vs. low-quality).

Figure 2 shows LBRs according to morphological grading
and developmental stage in nonbiopsied groups. In subgroups
where embryos of the same grade were compared between
blastocysts cryopreserved on day 5 and day 6, the LBRs were
still higher in the D5 group both in good-quality embryo trans-
fer cycles (55.8 vs. 33.0%, p < 0.001) and low-quality embryo
transfer cycles (30.1 vs. 20.8%, p=0.012). A multivariate
analysis was performed to adjust for confounding factors
(Table 3). The model included patient age, BMI, duration of
infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial
thickness, and developmental stage (D5 vs. D6). Blastocysts
frozen on day 5 were independently associated with a signif-
icant increase in the LBRs compared to D6 blastocysts in
good-quality embryo transfer cycles (aOR =2.54; 95% CI:
[1.66-3.90]; p<0.001) and in low-quality embryo transfer
cycles (aOR =1.63; 95% CI: [1.10-2.40]; p=0.015).

If we focused on LBR only in the D5 group, good-quality
embryos still yielded a significantly higher LBR than low-
quality embryos (55.8 vs. 30.1%, p <0.001). The same trend
was also found in the D6 group; the LBR was much lower in
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Frozen cycles of single blastocyst transfer
January 1, 2017 - May 31, 2019
(n=2226)

Exclusion criteria:

o  Endometrial thickness <7 mm (n=92)

e  Uterus malformation or fallopian hydrosalpinx (n=29)
®  (Cycles of oocyte donation or vitrified oocyte (n=8)

® Missed cycle data or follow-up (n=11)

v
Exclusion criteria:
o Age> 42 years (n=188)
e  Previous failed FET cycles > 3

(n=202)
A 4
Nonbiopsied cycle
(n=1336)
I
A 4 \ 4
development stage embryo quality
y 4
DS Good-quality
(n=936) (n=782)
D6 Low-quality
(n=400) (n=554)

Fig. 1 Flow chart

low-quality embryo transfer cycles than in good-quality em-
bryo transfer cycles (20.8 vs. 33.0%, p =0.011). Multivariate
regression analysis demonstrated that good-quality embryos
were also associated with a statistically higher LBR than low-
quality embryos in the D5 group (aOR =2.81; 95% CI: [2.06—
3.82]; p<0.001) and in the D6 group (aOR =1.87; 95% CI:
[1.14-3.07]; p=0.013) (Table 3). Confounding factors in-
cluded in the model were patient age, BMI, duration of
infertility (<2 vs. 3-5 vs. >5), basal FSH level, endo-
metrial thickness, and morphological grading (good-
quality vs. low-quality).

v

Inclusion criteria:

®  Recurrent pregnancy loss

® Repeated implantation failure
®  Advanced maternal age

U

Severe male factor infertility

v

Biopsied cycle
(n=360)

A 4 A 4

development stage embryo quality

\ 4 \ 4

SR S
D5 Good quality
(n=184) n=215)
- ——
S )
D6 Low quality
(n=176) (n=145)
— —

Biopsied Transfer Cycles

Table 4 shows patient demographic characteristics in biopsied
transfer cycles. Overall, the euploidy rates were 56.5% of
usable D5 blastocysts, 44.1% of usable D6 blastocysts,
58.1% of usable good-quality embryos, and 38.6% of usable
low-quality embryos (D5 vs. D6: p < 0.001; good-quality vs.
low-quality: p<0.001). Women who underwent embryo
transfers from the PGT-A procedure manifested no obvious
difference between the D5 and D6 groups and the good-
quality versus low-quality groups in terms of general
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Table 1 Patient demographic characteristics of nonbiopsied transfer cycles
Parameters Developmental stage p value  Morphological grading p value
D5 (n=936) D6 (n=400) Good quality (n=782) Low quality (n=1554)
Age (years)® 31.0 (4.0) 312 (4.2) 0.341 30.8 (3.9) 314 (4.2) 0.007
BMI (kg/m?)? 22.4 (3.3) 223 (3.2) 0.480 22.3 (3.3) 22.5(3.2) 0.276
Type of infertility, n (%) 0410 0.297
Primary® 452 (48.3) 203 (50.8) 374 (47.8) 281 (50.7)
Secondary® 484 (51.7) 197 (49.3) 408 (52.2) 273 (49.3)
Duration of infertility (years), n (%) 0.002 0.001
<2° 476 (50.9) 162 (40.5) 405 (51.8) 233 (42.1)
3-5° 316 (33.8) 159 (39.8) 263 (33.6) 212 (38.3)
>5¢ 144 (15.4) 79 (19.8) 114 (14.6) 109 (19.7)
Cause of infertility, 7 (%) 0.789 0.113
Female infertility® 559 (59.7) 228 (57.0) 457 (58.4) 330 (59.6)
Male infertility® 112 (12.0) 48 (12.0) 101 (12.9) 59 (10.6)
Mixed infertility® 226 (24.1) 106 (26.5) 184 (23.5) 148 (26.7)
Unknown infertility® 39(4.2) 18 (4.5) 40 (5.1) 17 (3.1)
Basal FSH (mUI/ml)* 7.6 (2.0) 7.7 (2.5) 0.455 7.6 (2.0) 7.72.3) 0.195
Basal LH (mUI/ml)° 43 (3.2-6.0) 4.1 (3.2-5.8) 0.313 43 (3.2-6.0) 42 (3.1-5.8) 0.215
Basal E2 (pg/ml)° 43.0 (31.0-57.0) 42.0 (30.0-56.0) 0.387 43.0 (32.0-56.3) 42.0 (30.0-56.0) 0.197
Endometrium preparation, n (%) 0.349 0.894
NC¢ 199 (21.3) 76 (19.0) 160 (20.5) 115 (20.8)
AC® 737 (78.7) 324 (81.0) 622 (79.5) 439 (79.2)
Endometrial thickness (mm)* 94 (1.4) 9.4 (1.5) 0.411 94 (1.4) 94 (1.4) 0.516
Good-quality embryo transfer, n (%)° 670 (71.6) 112 (28.0) <0.001
Embryo developmental stage, n (%) <0.001
D5°¢ 670 (85.7) 266 (48.0)
D6° 112 (14.3) 288 (52.0)

D5, day 5 blastocyst; D6, day 6 blastocyst; BMI, body mass index, kg/m2 ; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol;

NC: natural cycle; AC: artificial cycle

A good-quality embryo was defined as a grade 3—6 embryo > BB (AA, AB, BA, BB) before vitrification according to the grading scale proposed by

Gardner

Data are expressed as mean (standard deviation, SD) for continuous variables following normal distribution

® Data are expressed as median (interquartile range) for continuous variables not normally distributed

¢ Data are expressed as numbers (percentage) for categorical variables

characteristics. There was still a higher proportion of good-
quality embryo transfer cycles in the D5 group than in the D6
group (74.5 vs. 44.3%, p <0.001) and a higher proportion of
D5 embryos in the good-quality embryo group than in the
low-quality group (63.7 vs. 32.4%, p <0.001).

Meanwhile, EMR was similar between the D5 and D6
groups (overall, 9.5 vs. 11.1%, respectively, p=0.716). In
contrast to nonbiopsied cycles, CPR in the two groups showed
no obvious difference (overall, 57.1 vs. 51.1%, respectively,
p=0.259), and LBR did not either (overall, 48.9 vs. 44.9%,
respectively, p = 0.444) (Table 5). There was a slight but not
significant difference in favor of D5 blastocyst transfers over
D6 transfers (aOR =1.04; 95% CI: [0.67-1.62]; p=0.862)
(Table 6). In cases of the good-quality and low-quality
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embryo groups, CPR and LBR were significantly higher in
good-quality group than those in low-quality group (58.6 vs.
47.6%, p=0.040 for CPR; 51.6 vs. 40.0%, p=0.030 for
LBR). EMR depicted no statistical difference between the
two groups (overall, 8.7 vs. 13.0%, respectively, p =0.342)
(Table 5). After controlling for all covariates (age, BMI, du-
ration of infertility (<2 vs. 3-5 vs. > 35), basal FSH level,
endometrial thickness, developmental stage (D5 vs. D6), and
morphological grading (good-quality vs. low-quality)), the
difference in LBR between the groups reached no significance
(aOR =1.56; 95% CI: [0.99-2.45]; p = 0.056) (Table 6).
Figure 3 shows LBRs based on morphological grading and
developmental stage in the subgroups. No significant differ-
ences of LBR were seen between the D5 and D6 groups both
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Table2  Pregnancy outcomes of nonbiopsied transfer cycles

Parameters Developmental stage p value Morphological grading p value
D5 (n=936) D6 (n=400) Good quality (n=782)  Low quality (n=554)

Clinical pregnancy rate, n/N (%)  545/936 (58.2) 128/400 (32.0)  <0.001  483/782 (61.8) 190/554 (34.3) <0.001

Early miscarriage rate, n/N (%) 74/545 (13.6) 22/128 (17.2) 0.293  58/483 (12.0) 38/190 (20.0) 0.008

Live birth rate, n/N (%) 454/936 (48.5)  97/400 (24.3) <0.001  411/782 (52.6) 140/554 (25.3) <0.001

in good-quality embryo transfer cycles (51.8 vs. 51.3%, p=
0.939) and low-quality embryo transfer cycles (40.4 vs.
39.8%, p =0.942). LBRs were higher in the good-quality em-
bryo subgroup compared with that in low-quality subgroups
for D5 blastocysts (51.8 vs. 40.4%, p=0.177) and for D6
blastocysts (51.3 vs. 39.8%, p=0.128), but the differences
were not statistically significant after controlling for the vari-
ates (Table 6).

Discussion

The present study aimed to compare the SBT clinical out-
comes in FET cycles according to different blastocyst devel-
opmental stages and morphological grading for patients who
underwent PGT-A and non-PGT-A treatment. Our results
showed that nonbiopsied blastocysts vitrified on day 5 had a
significantly higher CPR (58.2 vs. 32.0%, p < 0.001) and LBR
(48.5 vs. 24.3%, p <0.001) than slower growing D6 blasto-
cysts. When analyzing embryos with the same morphology,
D5 blastocysts also exhibited significantly higher LBRs than

D6 embryos. Moreover, LBRs were higher after transferring
good-quality embryos than they were after transferring low-
quality embryos in both D5 and D6 groups. In contrast to the
nonbiopsied embryos, there were no differences in CPRs and
LBRs in euploid embryo transfers after comparing different
embryo stages and morphological grades.

More recently, numerous studies have prioritized transfer-
ring blastocysts cryopreserved on day 5 rather than day 6 in
FET cycles [9—14]. Our data are consistent with previously
reported results; when combined with both good- and low-
quality embryos, blastocysts cryopreserved on day 5 yielded
better FET results [11-13, 15]. This could be explained in part
by the poorer embryo quality [10—12], increased abnormal
spindle incidence [26], and higher aneuploidy rate of D6 blas-
tocysts in comparison with D5 blastocysts [17, 19, 20, 27].

Although the overall pregnancy results were found to be
better after transferring D5 blastocysts, there is a paucity of
data comparing pregnancy outcomes of D5 and D6 blasto-
cysts following the same quality embryo transfers. One study
found that high-quality blastocysts from D5 and D6 exhibited
a comparable CPR (52.4 vs. 52.6%, p=0.97). For the poor-

Table 3 Logistic regression

analysis of embryo Parameters Adjusted odds ratio 95% C1 p value
developmental stage and
morphological grading affecting Overall®
live birth rate in nonbiopsied D5 versus D6 blastocyst 2.01 1.51-2.68 <0.001
transfer cycles Good-quality versus low-quality embryo 251 1.94-3.24 <0.001
Good-quality embryo transfer®
D5 versus D6 blastocyst 2.54 1.66-3.90 <0.001
Low-quality embryo transfer®
D5 versus D6 blastocyst 1.63 1.10-2.40 0.015
D5 blastocyst®
Good-quality versus low-quality embryo 2.81 2.06-3.82 <0.001
D6 blastocyst®
Good-quality versus low-quality embryo 1.87 1.14-3.07 0.013

* Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, developmental
stage (D5 vs. D6), and morphological grading (good quality vs. low quality) were included in the multiple logistic

regression model

b Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, and developmen-
tal stage (D5 vs. D6) were included in the model

¢ Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, and morphological
grading (good quality vs. low quality) were included in the model
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quality blastocysts, the CPR and IR in the D5 group were
significantly higher than those in the D6 group [11]. The av-
erage number of embryos transferred in that study by Yang
et al. was approximately 1.7 in the D5 group and 1.6 in the D6
group, which may have led to analysis errors. As our present
study enrolled only single autologous blastocyst transfers,
both good-quality and low-quality D5 embryos exhibited
higher LBRs than the D6 blastocysts (55.8 vs. 33.0% and
30.1vs.20.8%; p <0.001 and 0.012, respectively). Our results
were also consistent with an article published by Ferreux et al.
[12], which showed that good-quality D5 blastocysts had the
best clinical outcomes when compared with good-quality D6
and low-quality D5 blastocysts. In addition, when comparing
vitrified D5 blastocysts with only good-quality embryos (>3
BB) vitrified on day 6, one study found that blastocysts of
higher quality vitrified on day 6 still resulted in a significantly
lower CPR than D5 blastocysts (34.4 vs. 44.7%, p =0.007)
[10]. Tt is therefore important to note that simply performing
morphological assessment on D6 alone may be insufficient to
indicate embryo potential. In fact, low-quality embryos have
higher aneuploidy rates [11, 20, 28]. Capalbo et al. [28]
showed that the euploidy rate of blastocysts was 56.4, 39.1,
42.8, and 25.5% in the excellent, good, average, and poor
blastocyst morphology groups, respectively (p =0.01).
Another study found that the euploidy rate with high-quality
morphology was significantly higher than that with poor-
quality morphology (55.3 vs. 41.5%, p =0.03) [11]. The sug-
gested higher implantation potential of good-quality versus

@ Springer
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low-quality blastocysts could be explained in part by the
15% lower aneuploidy rate among good-quality embryos.

In a study of Haas et al. [10], D5 blastocysts were subjected
to a warming procedure on day 5 of progesterone administra-
tion and then were transferred 20-24 h later, while the D6
embryos were thawed on day 6 of progesterone treatment
and then were transferred after 2—4 h. Ferreux et al. [12]
thawed the blastocysts in an incubator for 2—4 h before trans-
ferring to the uterus. The D5 and D6 embryos frozen in our
research were both thawed on the 5th day after progesterone
administration and then were transferred after an additional
16 h of incubation. However, the pregnancy results were sim-
ilar with these two reports, which may further elucidate that
both the embryo stage and morphology have obvious influ-
ences on pregnancy outcomes rather than transfer strategy. To
conclude, regardless of embryo ploidy status, both embryo
developmental stage (D5 and D6) and morphological grade
(good quality and low quality) played prominent roles in FET
outcomes.

For patients in favor of obtaining at least one euploid em-
bryo, PGT-A has become a routine tool for ensuring healthy
pregnancy outcomes. In China, the cost of PGT-A is totally
covered by patients themselves, which is a huge financial
burden for most of them. As a result, only patients with med-
ical indications, such as RPL, RIF, AMA and severe male
factor infertility, will choose PGT-A treatment. A total of
360 FET cycles were included in the present study for couples
with the medical history described above. The LBR was found
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Table 4 Patient demographic characteristics of biopsied transfer cycles
Parameters Developmental stage p value  Morphological grading p value
D5 (n=184) D6 (n=176) Good quality (=215) Low quality (n=145)
Euploidy rate, n/N (%)° 319/565 (56.5) 409/928 (44.1) <0.001 451/776 (58.1) 277/717 (38.6) <0.001
Age (years)® 30.3 (4.0) 30.7 (4.1) 0.444 30.5 (4.0) 304 (4.1) 0.843
BMI (kg/m?)? 22.6 (3.0) 22.7(3.2) 0.715 22.9(3.3) 22.4(2.9) 0.176
Type of infertility, n (%) 0.850 0.458
Primary® 61 (33.2) 60 (34.1) 69 (32.1) 52 (35.9)
Secondary® 123 (66.8) 116 (65.9) 146 (67.9) 93 (64.1)
Duration of infertility (years), n (%) 0.515 0.843
<2° 118 (64.1) 119 (67.6) 139 (64.7) 98 (67.6)
3-5¢ 49 (26.6) 38 (21.6) 54 (25.1) 33 (22.8)
>5¢ 17 (9.2) 19 (10.8) 22 (10.2) 14 (9.7)
Reason for PGT, n (%) 0.748 0.192
Recurrent pregnancy loss® 65 (35.3) 60 (34.1) 84 (39.1) 41 (28.3)
Advanced maternal age® 9(4.9) 13(74) 12 (5.6) 10 (6.9)
Recurrent implantation failure® 74 (40.2) 66 (37.5) 80 (37.2) 60 (41.4)
Male factor® 36 (19.6) 37 (21.0) 39 (18.1) 34 (234)
Basal FSH (mUI/ml)* 7.0 (2.0) 6.7 (2.0) 0.266 6.9 (2.0) 6.8 (2.0) 0.795
Basal LH (mUI/ml)° 4.6 (3.5-6.2) 42 (3.3-6.1) 0.107 4.5(3.4-6.3) 4.4 (3.3-5.6) 0.309
Basal E2 (pg/ml)° 43.5(32.0-58.0) 42.5(33.0-54.8) 0.658 43.0 (32.0-56.0) 44.0 (33.0-58.0) 0.275
Endometrium preparation, n (%) 0.377 0.819
NC° 30 (16.3) 35(19.9) 38 (17.7) 27 (18.6)
AC* 154 (83.7) 141 (80.1) 177 (82.3) 118 (81.4)
Endometrial thickness (mm)* 9.2(1.5) 9.1(1.3) 0.611 9.2(1.5) 9.1(1.3) 0.741
Good-quality embryo transfer, n(%)° 137 (74.5) 78 (44.3) <0.001
Embryo developmental stage, n (%) <0.001
D5°¢ 137 (63.7) 47 (32.4)
D6° 78 (36.3) 98 (67.6)

D5, day 5 blastocyst; D6, day 6 blastocyst; BMI, body mass index, kg/m2 ; FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estradiol;

NC: natural cycle; AC: artificial cycle

A good-quality embryo was defined as a grade 3—-6 embryo > BB (AA, AB, BA, BB) before vitrification according to the grading scale proposed by

Gardner

Data are expressed as mean (standard deviation, SD) for continuous variables following normal distribution

®Data are expressed as median (interquartile range) for continuous variables not normally distributed

¢ Data are expressed as numbers (percentage) for categorical variables

to be similar after euploid SBT transfer of D5 and D6 embryos
(overall, 48.9% and 44.9%, p = 0.444). Meanwhile, CPR and
EMR were not found to differ by day of blastocyst vitrifica-
tion. It is also crucial to note that the results were totally
different from those after transferring nonbiopsied embryos.
An alternative and plausible explanation was that after elimi-
nating the imbalanced aneuploidy rate between embryos vit-
rified on day 5 and day 6, D6 blastocysts could achieve com-
parable pregnancy outcomes with D5 embryos when only
euploid embryo FETs were conducted. Moreover, our results
were in accordance with those of several previous articles,
indicating similar IR after euploidy transfers [19, 20, 27].
Yet, there is still a degree of controversy in the literature in

this regard. Yang et al. [11] found that the CPR of D5 blasto-
cyst transfers was much higher than that of D6 blastocysts
(48.5 vs. 17.6%; p=0.03), with a nearly 30% reduction in
the D6 group. That study only included 50 PGT-A cycles,
and the relatively small sample size might have amplified
the analysis error. Additionally, a larger analysis (n=701)
also showed a higher LBR after transferring euploid D5 em-
bryos than it did after transferring euploid D6 blastocysts [18].
We noticed a difference in patient cohorts between their study
and ours, as PGT-A was routinely used in all infertile women
in their study.

As our data showed no statistically significant difference in
the LBRs was observed between the D5 and D6 groups.
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Table 5 Pregnancy outcomes of biopsied transfer cycles

Parameters Developmental stage p value Morphological grading p value
D5 (n=184) D6 (n=176) Good quality (n=215) Low quality (n=145)

Clinical pregnancy rate, n/N (%) 105/184 (57.1) 90/176 (51.1) 0.259 126/215 (58.6) 69/145 (47.6) 0.040

Early miscarriage rate, n/N (%) 10/105 (9.5) 10/90 (11.1) 0.716 11/126 (8.7) 9/69 (13.0) 0.342

Live birth rate, n/N (%) 90/184 (48.9) 79/176 (44.9) 0.444 111/215 (51.6) 58/145 (40.0) 0.030

Nevertheless, the post hoc power analysis calculated a sample
size of about 3100 will provide 80% power (o =0.05) to de-
tect a 5% absolute difference in LBR. Considering the limited
sample size, one should be cautious before jumping to any
conclusion. In the case of good-quality and low-quality blas-
tocyst transfer, CPR (58.6 vs. 47.6%; p =0.040) and LBR
(51.6 vs. 40.0%; p=0.030) were significantly higher in
good-quality embryo group than those in low-quality embryo
group. However, the statistical difference of LBR was not
found after the multiple regression analysis (aOR 1.56; 95%
CI10.99-2.45; p =0.056), possibly owing to the small sample
size. There was a higher LBR trend toward good-quality em-
bryos than low-quality embryos in both the D5 (51.8% (71/
137) vs. 40.4% (19/47); p=0.177) and D6 (51.3% (40/78) vs.
39.8% (39/98); p=0.128) subgroups. Since all the embryos
transferred were euploid blastocysts, theoretically, there
should be no superior implantation potential between different
morphologies within each group. We did see a tendency of
favoring good-quality blastocysts. In fact, several articles con-
firmed that not all euploid blastocysts implant equally; blasto-
cysts with a high morphology score exhibited a significantly

higher LBR than those with low morphology score [18, 29]. It
has been theorized that some other metabolic or epigenetic
differences might play certain roles in that contribution [18].
Because an approximate sample size of 270 per group was
needed to detect a LBR difference between 52 and 40%, there
is also a necessity to enlarge the sample to confirm the obvious
difference between blastocysts with different morphologies.
Though our study was not aimed to investigate the efficacy
of PGT-A, it is also interesting to note that LBR was 41.2%
(551/1336) in nonbiopsied group and was 46.9% (169/360) in
biopsied group (p =0.052), with no significant increase after
PGT-A (Supplemental Table 1). We further noticed a 4%
reduction of LBR following euploid D5 transfer compared
to good-quality nonbiopsied D5 embryos (51.8 vs. 55.8%).
The major underlying reason is the prominent difference of
patient characteristics. In the PGT-A group, approximately
35% of patients had RPL, and 40% had RIF. Some authors
found that patients with RPL less than 35 years old have a
significantly higher rate of chromosomal abnormalities in
blastocysts compared with patients with no or sporadic clini-
cal miscarriage [30]. Although euploid embryos were

Table 6 Logistic regression

analysis of embryo Parameters Adjusted odds ratio 95% C1 p value
developmental stage and
morphological grading affecting Overall®
live birth rate in biopsied transfer D5 versus D6 blastocyst 1.04 0.67-1.62 0.862
cycles Good-quality versus low-quality embryo 1.56 0.99-2.45 0.056
Good-quality embryo transfer®
D5 versus D6 blastocyst 1.09 0.61-1.93 0.781
Low-quality embryo transfer®
D5 versus D6 blastocyst 1.08 0.52-2.24 0.836
D5 blastocyst®
Good-quality versus low-quality embryo 1.52 0.77-3.03 0.231
D6 blastocyst®
Good-quality versus low-quality embryo 1.50 0.81-2.79 0.196

* Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, developmental
stage (D5 vs. D6), and morphological grading (good quality vs. low quality) were included in the multiple logistic

regression model

b Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, and developmen-
tal stage (D5 vs. D6) were included in the model

¢ Age, BMI, duration of infertility (<2 vs. 3-5 vs. > 5), basal FSH level, endometrial thickness, and morphological
grading (good quality vs. low quality) were included in the model
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Fig. 3 Comparison of live birth (a)
rate after single euploid blastocyst
transfer according to embryo
developmental stage (D5 and D6)
and morphological grading (good
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transferred after PGT-A, young patients with RPL still had a
worse clinical outcome [30]. Indeed, the cause of first-
trimester pregnancy loss is largely due to aneuploidy, and
the literature has not suggested an improved LBR when using
PGT-A in patients with RPL [31]. Meanwhile, embryo quality
and endometrial receptivity are two critical factors in implan-
tation. For patients with RIF, endometrial receptivity played a
much more important role than morphology grade and ploidy
status. While PGT-A does help select the best quality embryo
for transfer, the data currently demonstrate that PGT-A has no
significant outcomes on CPRs and LBRs in patients with re-
current IVF failure [32]. Chromosomal abnormalities are not
the only cause of RPL and RIF, given that many different
etiological factors can contribute. Transferring euploid embry-
os can provide the maximum increase in IR and reduce the
miscarriage rate due to aneuploidy.

Except for the different study populations, another possible
explanation for the failure to achieve a more significant ben-
eficial effect of PGT-A might be embryo damage after TE
biopsy and misdiagnosis of NGS. A study by Zhang et al.
[33] indicated that the biopsied TE cell number for blastocysts
with poor TE morphological score negatively affects the em-
bryo implantation potential. In addition, the biopsy timing is
crucial for embryo viability. One research elucidated a detri-
mental impact on clinical outcomes if embryos were not ex-
panded and hatching at the time of biopsy [34]. There is per-
sistent discussion about the efficacy of PGT-A for different
prognosis patients [35-37]. The mean patient age of the two

P =0.444

P =0.939 P=0.942 m D5

I 1 1
i D6
T i

Overall Good quality Low quality
P=0.030 P=0.177 P=0.128 mm Good quality
i Low quality
T i T T
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populations in our study is about 30 years. A recent publica-
tion included 220 patients less than 35 years with at least two
D5 blastocysts (>2 BB) [38]. The participants were random-
ized to either the PGT-A group (n=109) or morphology
group (n=111). There was no statistical difference in LBR
between the euploid subgroup and morphology group (56.3%
vs. 58.6%, aOR 0.91 (95% CI 0.51-1.63), p =0.750). Their
findings demonstrated that PGT-A does not increase LBR for
young patients, suggesting that the effectivity of PGT-A may
be offset by the biopsy impairment. In conclusion, there exists
negative effects of biopsy damage on embryo implantation
potential that is outweighed by the benefit of PGT-A. Other
possible reasons for the decreased pregnancy rates in PGT-A
patients still need to be disclosed.

Notwithstanding our best efforts to avoid biases in the cur-
rent study, there are still some limitations and shortcomings in
the research. First, the retrospective nature of the study in-
creases the possibility of selection bias. Another limitation
of our study is the relatively inadequate sample size of
biopsied embryo transfer cycles (n =360), which may com-
promise the sufficient effectiveness of validation.
Furthermore, the morphology score was based on a combina-
tion of ICM and TE grade instead of each separate value or the
cavity expansion level. Most of the transferred embryos in this
study reached stages 4, 5, and 6, and there is a lack of data on
embryos transferred at stage 3 of expansion. Therefore,
researching pregnancy results on ICM morphology, TE mor-
phology, or cavity expansion level needs further exploration.
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To the best of our knowledge, the present study is the
largest clinical study of autologous SBT treatment containing
blastocysts vitrified on day 5 and day 6 where embryo quality
is based on morphological grading and ploidy status. One
strength of our study is that we demonstrated that both devel-
opmental stages, morphological criteria, and ploidy status are
paramount factors indicating blastocyst quality and influenc-
ing FET outcomes. In clinical daily practice, when encounter-
ing the question of which blastocyst to transfer, the first choice
for patients who did not undergo PGT-A is D5 embryos with a
good morphological grade. For patients who have PGT-A
indications, regardless of embryo stage and morphology, any
euploid embryo can hold a promising clinical result and
should be considered for transfer.
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