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Abstract

Objective To determine which variables affect most the clinical pregnancy rate with positive fetal heartbeat (CPR FHB+)
when frozen embryo transfer (FET) cycles are performed with day 5 (DS5) or day 6 (D6) euploid blastocysts.

Design and method

A single center retrospective study was performed from March 2017 till February 2021 including all single FET cycles
with euploid D5 or D6 blastocysts and transferred in natural cycles (NC) or hormone replacement therapy (HRT) cycles.
Trophectoderm (TE) and inner cell mass (ICM) qualities were recorded before biopsy.

Results A total of 1102 FET cycles were included, 678 with D5 and 424 with D6 blastocysts. Pregnancy rate (PR), clinical
PR (CPR), and CPR FHB+ were significantly higher with D5 blastocysts (PR: 70.7% vs 62.0%, OR = 0.68 [0.53-0.89], p =
0.004; CPR: 63.7% vs 54.2%, OR = 0.68 [0.52-0.96], p = 0.002 and CPR FHB+: 57.8% vs 49.8%, OR = 0.72 [0.53-0.96], p
= 0.011). However, miscarriage rate (12.5% vs 11.4%, OR = 0.78 [0.48-1.26], p = 0.311) did not differ. From a multivariate
logistic regression model, endometrial thickness (OR = 1.11 [1.01-1.22], p = 0.028), patient’s age (OR = 1.03 [1.00-1.05],
p =0.021), BMI (OR = 0.97 [0.94-0.99], p = 0.023), and ICM grade C (OR = 0.23 [0.13-0.43], p < 0.001) were significant
in predicting CPR FHB+.

Conclusion Although clinical outcomes are higher with D5 blastocysts, CPR FHB+ is more affected by endometrial thick-
ness, patient age, BMI, and ICM grade C rather than biopsy day or endometrial preparation protocol.
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Introduction

Preimplantation genetic testing for aneuploidy (PGT-
A) and morphological grading of embryos are still the
two main strategies to select a blastocyst from a pool of
embryos with the highest implantation potential [1]. Ide-
ally, embryos reach the blastocyst stage on the fifth day of
embryo development (116 + 2 h after insemination) [2];
however, not all embryos have the same developmental
rate, leading to a cohort of blastocysts on day 5 (D5), day
6 (D6), or even day 7 (D7) available for embryo transfer
(ET) [3].

When selecting blastocysts in fresh ETs, top quality D5
blastocysts are preferentially chosen, as controlled ovarian
stimulation does have an impact on the window of implan-
tation due to an endometrial advancement [4, 5]. Not only
the asynchrony between endometrial and embryo devel-
opmental stage in fresh ET negatively affect pregnancy
and implantation rates, other metabolic or intrinsic factors
affecting embryo viability might contribute to the higher
implantation potential of D5 blastocysts compared to slow
developing D6 blastocysts [6]. Subsequently, the quality
and day of blastocyst development do play a crucial role in
embryo selection in fresh ET when non-genetically tested
blastocysts are transferred [7].

Compared to fresh ET cycles, there is no doubt that
frozen embryo transfers (FET) have similar, if not higher
pregnancy and implantation rates [§—10]. In FET, the
importance of the day of blastocyst development seems to
persist as slower blastocyst development on D6 results in
a significantly lower pregnancy and implantation potential
compared to D5 blastocysts with similar quality [11-13].
On the contrary, it has also been demonstrated that clini-
cal outcomes are equivalent when transferring blastocysts
on D5 or D6 in FET, generating some controversy on the
reduced pregnancy potential of D6 vitrified blastocysts
[14, 15]. Therefore, day of blastocyst development is an
important determinant in the final decision of which blas-
tocyst to choose for transfer.

The implementation of PGT-A and blastocyst vitrifi-
cation allows embryologists to choose the best quality
euploid blastocyst in FET cycles. While mostly euploid
embryos do reach the blastocyst stage, it has also been
demonstrated that delayed blastulation is not necessarily
associated with increased aneuploidy rates [16]. There-
fore, D5, D6, and D7 euploid blastocysts with high clinical
potential obtained from a single stimulation cycle can be
available when selecting a blastocyst in FET cycles [3].

Analysis of the clinical outcomes of vitrified D5 and D6
euploid blastocysts has been described; however, conflict-
ing results have been published due to the heterogeneity
of the study designs [17-20]. Moreover, little is described
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if different endometrial preparation (EP) protocols affect
pregnancy rates when transferring euploid blastocysts
biopsied on D5 or D6 in FET cycles [21]. Protocols for
EP can widely vary but mainly, they are grouped as natural
cycle (NC) or hormone replacement therapy (HRT) [22,
23] and yet, no consensus has been reached if any EP pro-
tocol available is superior to another [24].

Consequently, the question remains unanswered of which
factor determines the difference in clinical success between
D5 and D6 euploid blastocysts in FET cycles: is it the day
of blastocyst biopsy, the blastocyst quality, or the type of EP
protocol? To address this question, a retrospective analy-
sis was performed to assess the clinical outcomes of sin-
gle euploid vitrified blastocysts on D5 or D6, transferred in
either a NC or HRT cycle.

Material and methods
Study design and study endpoint

All patients that went through a FET cycle between March
2017 and February 2021 with an autologous single euploid
blastocyst were included. Only blastocysts that underwent
trophectoderm (TE) biopsy on D5 or D6 and were analyzed
by next generation sequencing (NGS) for PGT-A were con-
sidered for the study. The use of fresh or frozen autologous
sperm and fresh or vitrified autologous oocytes did not serve
as exclusion criteria. Blastocysts that did not re-expand
within 3 h post warming procedure were excluded from the
data analysis in this study.

The primary endpoint was to determine which most
relevant factor affects clinical pregnancy rate with posi-
tive fetal heartbeat (CPR FHB+) when single euploid FET
cycles are performed with D5 or D6 blastocysts. As sec-
ondary objectives, clinical outcomes such as pregnancy rate
(PR), biochemical pregnancy rate (BPR), clinical pregnancy
rate (CPR), and miscarriage rate (MR) were analyzed when
single euploid D5 or D6 blastocysts were transferred. This
retrospective study was approved by the local Ethical Com-
mittee (REFA041 and REFA0O41b) of ART Fertility Clinic,
Abu Dhabi, United Arab Emirates.

Blastocyst grading

Blastocyst’s grade of expansion, TE and inner cell mass
(ICM), were assessed immediately before biopsy and cat-
egorized using a modified Gardner and Schoolcraft criteria
[25]. Briefly, the ICM was graded as A, when numerous
tightly packed cells were seen; B, when several and loosely
packed cells were observed; C, in case of very few cells;
and D, if no cells were seen or more than 50% of cells were
degenerated. Also, the TE was graded as A, when many cells



Journal of Assisted Reproduction and Genetics (2022) 39:379-388

381

were organized in stretch contact forming the TE; B, when
several cells were organized in a loose epithelium; C, if few
cells with abnormal disposition in the TE were present; or
D, if only very few irregular large cells with necrotic aspect
constituted the TE. The grade of expansion was classified
as BL1, when blastocoel was less than half of the volume
of the embryo or BL2, when blastocoel was at least half of
the volume of the embryo, and both considered early blas-
tocysts with no cell differentiation between ICM and TE. A
full blastocyst was classified as BL3, when the blastocoel
filled the embryo completely; BL4, when an expanded blas-
tocyst with a thin zona pellucida (ZP) was seen; and BL5,
when cells started to herniate through the ZP or BL6, if the
blastocyst had completely escaped from the ZP. Blastocysts
were evaluated on D5 of embryo culture and if blastocyst
quality was deemed sub-optimal and expansion or number
of cells present in the TE were insufficient to perform the
biopsy, embryos were left in culture and re-evaluated on
D6. Blastocysts that were not biopsied on D5 or D6 were
re-evaluated on D7.

Embryo biopsy and tubing procedure

All blastocysts available on D5 or D6 with a quality >
BL3CC were subjected to TE biopsy for PGT-A analysis by
NGS. Blastocysts with an expansion < BL3 or with a grade
D in the ICM or TE were not eligible for biopsy and con-
sequently, discarded on D7 of embryo culture. Blastocysts
were placed in a drop of 10 pL of Hepes buffered medium
supplemented with 5% of human serum albumin (HSA -
SOLUTION™, Vitrolife), covered with 8 mL of paraffin
oil (Ovoil, Vitrolife) and pre-warmed to 37 °C. The blas-
tocyst was positioned using the holding pipette to locate
the ICM at the 12 o’clock position. For the zona drilling,
an opening was made by applying three laser pulses in the
ZP and a piece of TE was aspirated with a biopsy pipette
(Origio, Coopersurgical Group) with an internal diameter
of 30 pm, and dissected with an OCTAX laser (NaviLase,
Vitrolife) using an intensity of 2.2 ms. A mechanical “flick-
ing” method was used to cut and obtain the TE cells inside
the aspiration pipette. Biopsied TE cells were washed and
placed into an Eppendorf tube of 0.2 mL containing 2.5 pL
of phosphate buffer saline solution (PBS) and stored at —20
°C till NGS for PGT-A was performed by Igenomix Dubai.

Blastocyst vitrification and warming protocol

Blastocysts were individually vitrified 1 h after TE biopsy
using a Kitazato vitrification kit (Kitazato, Biopharma) in
combination with open Vitrification Straws (Cryotop, Kitaz-
ato, Biopharma). The vitrification procedure was performed
according to the manufacturer’s instructions as previously
described elsewhere [26].

In patients with more than one euploid blastocyst avail-
able for FET, blastocyst selection was based on morpho-
logical score (grade of expansion, TE, and ICM) and day of
blastocyst biopsy (preferably D5 blastocysts over D6 as per
routine clinical practice) and were warmed using a Kitazato
thawing kit (Kitazato, Biopharma) following the manufac-
turer’s protocol. Warmed blastocysts were cultured for up
to 3 h before ET and during this period, blastocysts were
evaluated for blastocoel re-expansion which was considered
a sign of viability [27].

Preimplantation genetic testing for aneuploidies
of TE samples

Whole genome amplification (WGA) protocol was per-
formed on all TE samples using PicoPlex technology
(Rubicon Genomics, Inc; USA). After WGA, library
preparation consisted of the incorporation of individual
barcodes for the amplified DNA of each sample. Follow-
ing amplification and enrichment of the DNA, sequencing
was performed in a 316 or 318 chip using the Personal
Genome Machine sequencing (Thermo Fisher Scien-
tific, USA). An ion Reporter™ software was employed
for sequencing analysis and data interpretation (Thermo
Fisher Scientific, USA).

Endometrial preparation (EP) and blastocyst
transfer

The EP protocol was chosen according to physician’s
discretion. For a spontaneous ovulatory natural cycle
(NC), transvaginal ultrasound scans were performed to
monitor follicular growth with serial measurements of
serum luteinizing hormone (LH), estradiol (E,), and pro-
gesterone (P,) levels to accurately determine the ovula-
tion time (automated Elecsys® immunoanalyzer, Roche
Diagnostics, Mannheim, Germany). Vaginal P, supposi-
tories were commenced in the evening of the confirmed
ovulation day and from day 1 onwards, three times daily
until pregnancy test.

In hormone replacement therapy (HRT) cycles, patients
commenced oral E, tablets daily from day 2 or 3 of menses
for 3 days and increased to 6 mg on the fifth day. When an
endometrial thickness of at least 6 mm was achieved with a
trilaminar appearance, an initial evening P, dose of 100 mg
was administered vaginally (day 0). The administration of P,
was increased on day 1 to three times daily and this regimen
was continued until pregnancy test.

For the embryo transfer procedure, blastocysts were
loaded in a soft pass catheter (GUARDIA™ AccessET
Catheter, Cook Medical, USA) in 25 pL of pre-gassed cul-
ture medium with the help of a tuberculin syringe and all
FET cycles were performed by a physician under abdominal
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ultrasound guidance. All blastocysts’ FETs were performed
5 days after ovulation was confirmed or on the fifth full day
of P, administration with an average of 120 [115-125] h of
P, exposure between P, initiation and ET procedure, regard-
less of the day on which the blastocyst was biopsied (D5
or D6). In case the endometrial thickness did not achieve a
thickness > 6 mm even with different endometrial prepara-
tion approaches (NC or HRT), ET was performed only when
a triple lining pattern was seen.

Clinical outcomes

A pregnancy was defined 12 days after ET by a serum
B-hCG value > 15 mIU/mL. Biochemical pregnancy was
described by the detection of B-hCG in serum which
did not develop into a clinical pregnancy [28]. Clinical
pregnancy was defined with a positive result for f-hCG
and the presence of at least 1 gestational sac 4 weeks
after the FET while CPR FHB+ was defined as a clini-
cal pregnancy with positive fetal heartbeat diagnosed by
ultrasound 6 weeks after the FET [28]. A miscarriage
was considered when a spontaneous loss of an intrauter-
ine CP or CPR FHB+ occurred at any gestational age.
Ectopic pregnancy was only considered in the calculation
of pregnancy.

Data collection and statistical analysis

Categorical variables are presented as numbers and percent-
ages while continuous variables are presented as mean +
SD. Groups (D5 vs D6) were compared using Fisher’s exact
test for dichotomous variables and Mann Whitney test for
continuous variables.

A multivariate logistic regression model via generalized
estimating equations (GEE) was performed to identify the
effect of D5 or D6 blastocysts on CPR FHB+ outcomes
adjusted for potential confounding factors that could be
independently associated such as: grade of expansion, TE,
and ICM morphological score of blastocysts, patient age,
antimiillerian hormone (AMH), body mass index (BMI), EP,
and endometrial thickness.

Data analysis was performed using the statistical software
R (version 3.5.0) and a p-value < 0.05 was considered sta-
tistically significant. According to the sample size included
in this study (n = 1102), the margin error of the results was
2.5% with a 90% confidence.

Results
A total of 1102 FET cycles were included in the study of

which 678 FETs were performed with blastocysts biopsied
on D5 and 424 on D6. For all patients with at least one
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euploid blastocyst for transfer, the fresh cycle characteristics
were the following: the normal fertilization rate (2PN) was
70.9% =+ 2.4% with a total blastulation rate on day 5/2PN of
68.8% + 4.3%. From all blastocysts obtained (D5, D6, and
D7/2PN), 54.2% + 3.5% were biopsied with a total euploidy
rate of 44.8% + 3.5%, according to the PGT-A screening
results.

Considering the patient’s characteristics, only women age
and AMH levels were significantly different between D5
and D6 blastocyst FET cycles (33.4 + 5.5 years vs 34.4 +
5.4 years, p = 0.002 and 3.5 + 3.6 ng/mL vs 3.0 + 2.9 ng/
mL, p = 0.001, respectively) while BMI, years of infertility,
and type of infertility were comparable between groups, as
shown in Table 1. Regarding the type of EP protocol, no
significant difference was found between the number of FET
cycles performed in NC or in HRT when D5 or D6 blasto-
cysts were transferred (38.1% vs 41.0% for NC and 61.9 vs
59.0 for HRT cycles, p = 0.342 for D5 or D6, respectively).
However, the endometrial thickness differed between D5 and
D6 euploid blastocysts FET cycles (7.7 + 1.3 mm vs 7.9 +
1.3 mm, p = 0.034) (Table 1).

Concerning clinical outcomes, the PR (70.7% vs 62.0%,
OR = 0.68 [0.53-0.89], p = 0.004), CPR (63.7% vs 54.2%,
OR =0.68 [0.52-0.87], p = 0.002), and CPR FHB+ (57.8%
vs 49.8%, OR = 0.72 [0.53-0.96], p = 0.011) were signifi-
cantly higher after transferring a D5 euploid blastocyst com-
pared to a D6. In contrast, biochemical pregnancy rate (BPR)
(8.3% vs 12.5%, OR = 1.30 [0.78-2.17], p = 0.316) and MR
(12.5% vs 11.4%, OR = 0.78 [0.48-1.26], p = 0.311) did not
differ significantly between FET outcomes with blastocysts
biopsied on D5 or D6, regardless the type of EP protocol
performed in each FET cycle (Table 2).

Table 1 Patient characteristics stratified according to the transfer of
day 5 or day 6 euploid blastocysts

Day 5 Day 6 P value

Number of FET cycles 678 424
Age (years) 334+55 344+54 0.002
BMI (kg/m?) 26.7+49 269+50 0463
AMH (ng/mL) 35+£3.6 30+£29 0.001
Years of infertility 32+3.0 33+30 0.562
Type of infertility:

Primary (%) 49.0 48.6 0.951

Secondary (%) 51.0 51.4
Type of endometrial preparation protocol:

NC (%) 38.1 41.0 0.342

HRT (%) 61.9 59.0
Endometrial thickness (mm) 77+13 79+13 0.034

Values are expressed as mean =+ standard deviation or percentage (%);
FET, frozen embryo transfers; BMI, body mass index; AMH, antimiil-
lerian hormone; NC, natural cycle; HRT, hormone replacement ther-

apy
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Table 2 Clinical outcomes stratified according to biopsy day (day 5
vs day 6) of euploid blastocysts FET cycles

Day5 Day6 OR[95% CI] P value

Number of FET cycles 678 424

Pregnancy rate (%) 70.7 62.0 0.68[0.53-0.89] 0.004

Biochemical pregnancy 8.3 125 1.30[0.78-2.17] 0.316
rate (%)

Clinical pregnancy rate 63.7 542 0.68[0.52-0.87] 0.002
(%)

Clinical pregnancy rate 57.8  49.8 0.72[0.53-0.96] 0.011
fetal heartbeat positive

(%)

Miscarriage rate (%) 125 114 0.78[0.48-1.26] 0.311

Values are expressed as percentage (%); OR, odds ratio; 95% CI, 95%
confidence interval.

A multivariate logistic regression model was performed
to evaluate if CPR FHB+ was affected by the day of blas-
tocyst biopsy, blastocyst expansion grade, and ICM and TE
quality of the transferred blastocysts (BL3AA blastocyst on
day 5 as reference). From this analysis, only ICM grade C
was found to have a significant negative influence on CPR
FHB+ outcomes (OR = 0.27 [0.15-0.46], p < 0.001 com-
pared to ICM grade A); no statistically significant impact
was seen for the day on which blastocysts were biopsied, nor
the different grades of expansion and TE qualities (Table 3).

A second multivariate logistic regression model was
performed which also considered the following patient and
FET cycle characteristics: age, AMH, BMI, type of EP pro-
tocol, and endometrial thickness (Table 4). Only endome-
trial thickness (OR = 1.11 [1.01-1.22], p = 0.028), patient
age (OR =1.03 [1.00-1.05], p = 0.021), BMI (OR = 0.97

Table 3 Multivariate logistic regression model for clinical pregnancy
rate with fetal heartbeat positive (CPR FHB+) considering the day of
biopsy, expansion grade, and blastocyst trophectoderm and inner cell
mass quality

OR [95% CI| P value
BL3AA day 5 blastocyst (intercept) 1.72 [1.12-2.63] 0.013
Day 6 blastocyst 0.91 [0.69-1.19] 0.483
Expansion grade 4 (BL4) 1.14 [0.80-1.62] 0.471
Expansion grade 5 (BL5) 1.24 [0.87-1.76] 0.227
Expansion grade 6 (BL6) 0.71 [0.23-2.15] 0.542
ICM quality B 0.82 [0.60-1.13] 0.223
ICM quality C 0.27 [0.15-0.46] < 0.001
TE quality B 0.87 [0.63-1.20] 0.403
TE quality C 0.66 [0.42—-1.05] 0.080

Multi logistic regression model via generalized estimating equations
(GEE) for (CPR FHB+) adjusted by confounding factors of all fro-
zen embryo transfer cycles; /CM, inner cell mass; TE, trophectoderm;
OR, odds ratios; 95% CI, 95% confidence interval

Table 4 Multivariate logistic regression model for clinical pregnancy
rate with fetal heartbeat positive (CPR FHB+) considering blastocyst,
patient, and frozen embryo transfer cycle characteristics

OR [95% CI] P value

BL3AA day 5 blastocyst HRT (intercept) 0.61 [0.16-2.34] 0.427
0.84 [0.63-1.11] 0.225
1.14 [0.87-1.48] 0.343
Endometrial thickness (mm) 1.11[1.01-1.22] 0.028
1.03 [1.00-1.05] 0.021
AMH (ng/mL) 1.00 [0.96-1.04] 0.878
BMI (kg/m?) 0.97 [0.94-0.99] 0.023

[
Day 6 blastocyst [
[
[
[
[
[
Expansion grade 4 (BL4) 1.19 [0.82-1.74] 0.342
[
[
[
[
[
[

Endometrial preparation (NC)

Patient age (years)

Expansion grade 5 (BL5) 1.30[0.91-1.88] 0.150
Expansion grade 6 (BL6) 1.10 [0.34-3.55] 0.871

ICM quality B 0.81[0.58-1.13] 0.204
ICM quality C 0.23[0.13-0.43] < 0.001
TE quality B 0.90 [0.65-1.24] 0.503
TE quality C 0.72 [0.44-1.16] 0.176

Multi logistic regression model via generalized estimating equations
(GEE) for (CPR FHB+) adjusted by confounding factors of all fro-
zen embryo transfer cycles; HRT, hormone replacement therapy; NC,
natural cycle; AMH, antimiillerian hormone; BMI, body mass index;
ICM, inner cell mass; TE, trophectoderm; OR, odds ratio; 95% ClI,
95% confidence interval

[0.94-0.99], p = 0.023), and specially ICM quality C (OR
=0.23 [0.13-0.43], p < 0.001) were significantly associated
with CPR FHB+ outcomes as it is shown in Fig. 1.

As quality grade C of ICM and TE were related with
a reduced OR for CPR FHB+ in the multivariate logistic
regression models, clinical outcomes were re-analyzed
only considering good quality euploid blastocysts (grade A
or B for ICM and TE) transferred on D5 (N = 596) or D6
(N = 281). From this comparison, clinical outcomes were
not statistically significantly different between blastocysts
transferred on D5 or D6 in FET cycles (Supplementary
Table 1).

A sub-analysis was conducted to evaluate the impact of
the EP protocol (NC vs HRT cycles) on the clinical out-
comes of all FET cycles. For FET cycles performed in a NC
approach, PR (70.9% vs 56.9%, OR = 0.54 [0.35-0.83], p
= 0.003), CPR (65.9% vs 48.8%, OR = 0.49 [0.33-0.75],
p < 0.001), CPR FHB+ (63.6% vs 47.7%, OR = 0.52
[0.35-0.79], p = 0.001), and MR (8.7% vs 3.0%, OR = 0.27
[0.05-0.95], p = 0.030) were statistically significantly dif-
ferent comparing D5 and D6 blastocysts, while BPR (6.0%
vs 13.1%, OR = 1.81 [0.73-4.58], p = 0.198) was higher
for D6 blastocysts but did not reach a significant difference
(Table 5). In contrast to the findings in the NC approach for
EP, there was no statistical difference for any of the clini-
cal outcomes between D5 and D6 blastocysts FET in HRT
cycles (Table 5).
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TE quality C

TE quality B

ICM quality C

ICM quality B

Expansion 6 (BL6) I

Expansion 5 (BL5)

Expansion 4 (BL4)

AMH (ng/mL)

BMI (Kg/m2)

Patient age (years)
Endometrial Thickness (mm)
Endometrial Preparation (NC)
Day 6 biopsy

Intercept (BL3AA Day 5 blastocysts HRT)

.

Fig. 1 Multinomial logit model representation including all variables
affecting CPR FHB+outcome in FET cycles with euploid blastocyst.
Variables affecting CPR FHB+ outcomes are represented in the Y
axis and logarithm of the odds ratio are represented in the X axis.
Variables not crossing the zero of the X axis are considered statisti-
cally significant (p < 0.05). As it is shown in the figure, ICM quality

Log Odds

C is the most significant variable affecting CPR FHB+ in a negative
way (CI on the left side compared to the central zero line). HRT, hor-
mone replacement therapy; NC, natural cycle; AMH, Antimiillerian
hormone; BMI, body mass index; /CM, inner cell mass; TE, trophec-
toderm; CI: 95% confidence intervals

Table 5 Clinical outcomes of day 5 or day 6 euploid blastocysts in frozen embryo transfer cycles split by the type of endometrial preparation

protocol (natural cycle or hormone replacement therapy cycles)

NC HRT

Day 5 Day 6 OR [95% CI| P value Day 5 Day 6 OR [95% CI] P value
Number of FET cycles 258 174 420 250
Pregnancy rate (%) 70.9 56.9 0.54 [0.35-0.83] 0.003 70.5 65.6 0.80 [0.56-1.13] 0.197
Biochemical pregnancy rate (%) 6.0 13.1 1.81 [0.73-4.58] 0.198 9.8 11.6 1.11 [0.57-2.10] 0.758
Clinical pregnancy rate (%) 65.9 48.8 0.49 [0.33-0.75] < 0.001 62.4 58.0 0.83 [0.60-1.16] 0.288
Clinical pregnancy rate fetal heart- 63.6 47.7 0.52 [0.35-0.79] 0.001 54.3 51.2 0.88 [0.64-1.22] 0471

beat positive (%)

Miscarriage rate (%) 8.7 3.0 0.27 [0.05-0.95] 0.030 14.9 16.5 1.03 [0.60-1.76] 0.897

Values are expressed as percentage (%); OR, odds ratio; 95% CI, 95% confidence interval

Finally, from the results obtained, a priority was
assigned to each blastocyst based on the day of biopsy,
grade of expansion, and quality of ICM and TE which
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were recorded before TE biopsy in order to select the
best embryo at the time of warming (Supplementary
Table 2).
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Discussion

The selection of the embryo with the highest implanta-
tion potential is an ongoing challenge for the embryologist
[29-31]. The combination of PGT-A with morphological
grading presents the most important criteria for the selection
process, especially as nowadays biopsy on D5, D6, or even
D7 of embryo development is becoming a routine practice
in ART cycles [3]. The aim of this study was therefore, to
evaluate the various factors influencing the CPR FHB+ out-
comes. The results of this study demonstrated that the day
at which blastocysts are biopsied does not seem to be as
critical as other factors to achieve a successful CPR FHB+
result in FET cycles with D5 and D6 euploid blastocysts.
The increased clinical potential of D5 blastocysts reported
in literature cannot just be simplified to the day at which the
blastocysts are biopsied; endometrial thickness, patient age,
BMI, and mainly ICM grade C do have a relevant impor-
tance on achieving a viable pregnancy.

Despite all published studies focusing on the clinical
potential of D5 and D6 vitrified blastocysts, the evidence
of the superiority of D5 blastocysts over D6 is still not con-
clusive [32-34]. Our herein presented data add to the cur-
rent knowledge and suggest that, when a FET is performed
with a single euploid blastocyst, PR, CPR, and CPR FHB+
are higher with D5 blastocysts compared to D6 (70.7% vs
62.0%, p = 0.004; 63.7% vs 54.2%, p = 0.002 and 57.8% vs
49.8%, p = 0.011, respectively), coinciding with the exist-
ing published literature [34]. On the contrary, BPR and MR
are not significantly different in FET cycles with D5 and D6
euploid blastocysts (8.3% vs 12.5%, p = 0.316 and 12.5% vs
11.4%, p = 0.311, respectively). It can be questioned if the
difference in BPR between groups should be considered as
clinically relevant, as it is detrimental to both CPR and CPR
FHB+. In general, the etiology of a biochemical pregnancy
can be explained by poor endometrial receptivity, defects in
the gametes, or genetically abnormal embryos [35]. Since in
our study only euploid embryos were transferred, and since
BPR was also not different between D5 and D6 blastocysts
in the different EP protocols (NC vs HRT cycles), the ori-
gin of these differences in biochemical pregnancy outcomes
remains to be elucidated.

As embryo quality does have an impact on clinical
results, a multivariate logistic regression model was per-
formed to explore if the day of TE biopsy and the blasto-
cyst quality at the time of embryo selection were associated
with the CPR FHB+ outcomes. This analysis showed that
ICM quality C was an independent factor which negatively
affected the CPR FHB+ outcomes, regardless of blastocysts
expansion, TE quality, and day of biopsy, suggesting that
CPR FHB+ is reduced as the ICM quality decreases from
grade A to C (modified Gardner and Schoolcraft scoring),

thereby confirming the results of other publications [36, 37].
Although TE quality was not statistically significant for pre-
dicting CPR FHB+, ORs were reduced for grade C com-
pared to grade B or A indicating that TE has a relevant clini-
cal impact on CPR FHB+ despite of the statistical result, as
published before [38, 39]. Moreover, not only the ICM qual-
ity C was statistically significant in predicting a CPR FHB+,
but also endometrial thickness, patient age, and BMI were
associated with the clinical outcome analyzed in a second
multivariate analysis, indicating that these variables have
a clinically relevant effect besides the quality of the ICM.
The results of this analysis do match with previous studies
which reported a negative correlation between live birth and
endometrial thickness, maternal age, BMI, and ICM type
C in FET cycles with single euploid blastocysts [40]. The
multivariate analysis performed in this study clearly showed
that other variables (endometrial thickness, maternal age,
BMLI, and lower ICM quality) do have a stronger impact on
the CPR FHB+ outcome rather than day of biopsy (Table 4),
which can be directly associated with poorer prognosis
patients. Although the day of biopsy showed no significant
association with CPR FHB+ in the multivariate analysis,
the significant difference observed in the univariate analysis
probably indicates a clinical relevance (Table 2). Beside this,
the ICM quality C constitutes the strongest predictive factor
related to clinical success in ART as it can be observed in
Fig. 1, matching with the outcomes when non-genetically
tested blastocysts are transferred [37].

The fact that delayed blastocyst formation is a sign of sub-
optimal embryo development does not necessarily mean that
they are adversely chromosomally affected [3, 41], therefore
euploid D6 embryos are an option when selecting blasto-
cysts for FET cycles. From the results of this study, clinical
outcomes are more affected by lower quality embryos rather
than the day of blastocysts biopsy. Additionally, from the
re-analysis performed considering only good quality blasto-
cysts (grade A and/or B for ICM and TE), clinical outcomes
were not statistically significantly different between blas-
tocysts biopsied on D5 or D6 (Supplementary Table 1), as
reported previously [42]; however, there was a trend in favor
of D5 euploid blastocysts over D6. Clearly, higher blasto-
cyst quality increases pregnancy outcomes; therefore, blas-
tocyst morphology still plays an important role in embryo
selection, even when considering euploid blastocysts. The
adverse effect of decreasing ICM and TE quality from A or
B to C on clinical outcomes may be explained by a reduction
in cell number or altered homeostasis of the blastocyst that
ultimately affects the develop into a viable pregnancy [43].

Besides the retrospective nature of the study design,
differences in age and AMH between D5 and D6 groups
suggest that better prognosis patients (lower age and higher
AMH) are more likely to transfer a D5 euploid blastocyst
rather than a D6, which has already been published [3]. Even
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though a significant difference in endometrial thickness was
found between groups (7.7 + 1.3 vs 7.9 + 1.3, p = 0.034),
clinically these values can be considered equal since only 0.2
mm differed between D5 and D6 FET cycles. Additionally,
different EP (NC versus HRT) regimen may pose a limita-
tion for this study; however, the proportion of FET cycles
performed in NC vs HRT was similar in both groups (D5 or
D6). Although clinical outcomes differed when D5 or D6
blastocysts were transferred in different EP protocols, the
type of EP was chosen according to the clinician’s discretion
as, based on the current published literature, there is no rec-
ommendation to choose one EP method over another in FET
[22, 44-47]. As clinical outcomes seem to differ when D5 or
D6 blastocysts are transferred in NC and not in HRT cycles,
this suggests that the type of EP protocol might explain the
difference in clinical outcomes when comparing D5 vs D6
euploid blastocysts in the univariate analysis (Table 2). More
observational studies are warranted to evaluate live birth
outcomes when transferring D5 or D6 euploid blastocysts
in NC or HRT cycles to evaluate if FET cycles could be
personalized according to the day of blastocyst development
to increase outcomes.

To conclude, integrating morphological grading with
ploidy assessment is a strategy to shorten the time to preg-
nancy by enhancing embryo selection and thereby decreas-
ing the number of transfer cycles required to achieve a clini-
cal pregnancy [48, 49]. This study confirms that the clinical
outcome of a single euploid blastocyst is independent of
the day of blastocyst biopsy when good quality blastocysts
are transferred; however, there is an increased positive ten-
dency in favor of D5 euploid blastocysts over D6. Therefore,
since not all euploid blastocyst are equivalent, a proposal
of embryo priority selection was suggested based on the
results obtained in this study (Supplementary Table 2). Nev-
ertheless, caution should be given as not all IVF laboratories
apply the same grading system as reported in this study and
not all perform a “freeze all strategy”. The clinical potential
of a D5 or D6 euploid blastocyst cannot be reduced only to
the day at which TE biopsy is performed, there are many
variables that can have a profound effect on the clinical
outcomes, principally ICM grade C. From the embryolo-
gist’s perspective, the morphological grading of the blasto-
cysts at the time of biopsy is the strongest predictive factor
when selecting an euploid blastocyst with the greatest clini-
cal potential. In future, studies should focus on evaluating
the influence of TE biopsy day in single euploid D5 or D6
blastocysts and how to personalize FET cycles according to
patient characteristics, blastocyst quality, EP protocol, and
endometrial thickness. Meanwhile, internal research should
be performed in each fertility clinic to elucidate a pathway
for selecting the blastocyst with the highest clinical poten-
tial to optimize FET outcomes based on their own clinical
routine practice.
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