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Objective: To convert blastocyst (BL) morphological grade and BL day into a numeric blastocyst score (BS).
Design: Retrospective cohort study.
Setting: Academic center.
Patient(s): A total of 5,653 BL of known implantation (fetal heart, FH) and 11,348 biopsied BL.
Intervention(s): Based on their FH rates and/or significance, a score (1–4) was assigned to each BL grade component. The BL morpho-
logical score (BMS) is the sum (BS ¼ BMS on day 5; BS ¼ BMS þ 2 on day 6).
Main Outcome Measure(s): Statistics characterized the FH and euploidy odds with BS.
Result(s): All three morphology grade components and BL day were associated with implantation and euploidy probability. The FH
rate and euploidy odds decrease with larger BS. The BS was the most important factor (odds ratio [OR] per unit change ¼ 0.807,
95% confidence interval [CI] 0.784, 0.831) for untested and euploid BL implantation, and the sole one for euploid BL (OR/unit change
¼ 0.845, 95% CI 0.803, 0.889). The BS is the second most significant factor after maternal age for euploidy probability (OR/unit change
¼ 0.808, 95% CI 0.795, 0.822). In training and validation sets (75:25), the BS can predict implantation with similar area under the curve
[AUC] (training ¼ 0.628, 95% CI 0.613, 0.643; validation ¼ 0.606, 95% CI 0.581, 0.631). The BS has better euploidy prediction ability
(training AUC¼ 0.683, 95% CI 0.673, 0.693; validation AUC¼ 0.698, 95% CI 0.681, 0.715). The BS can stratify BL into good (3–5), fair
(6–9), and poor (10–14) groups, reflecting their FH, live birth rates, and ploidy status. Advanced maternal age was associated with lower
untested BL implantation and lower euploidy odds across all groups.
Conclusion(s): The BS is a predictor of BL ploidy and FH implantation. (Fertil Steril Rep� 2020;1:133–41.�2020 by American Society
for Reproductive Medicine.)
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A lthough the use of assisted
reproductive technology has
helped many couples conceive,

it has also increased multiple gestation
rates (1, 2). This has led to a substantial
increase in maternal and perinatal
complications, along with an increase
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in health care costs (1, 2). Thus, a major
goal in reproductive medicine is to
improve embryo selection and maxi-
mize success rates after single embryo
transfers.

The development of sophisticated
embryo culture systems has led to the
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increasing utility of blastocyst (BL)
transfers as an evolving tool to aid in
embryo selection. As aneuploidy is the
major cause of implantation failure
and pregnancy loss, preimplantation
genetic testing for aneuploidy (PGT-A)
has also been shown to improve im-
plantation rates and lower miscarriage
rates in patients of advanced maternal
age (3–6). With advancing molecular
genetic techniques and improved
embryo culture methods, current
assisted reproductive technology
practice is increasingly shifting to the
use of BL culture and PGT-A, leading
the way toward PGT-A freeze-all cycles
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(7). Despite the PGT-A randomized controlled trials in the past
decades that reported improved ongoing pregnancy outcome,
a recently published large Single Embryo TrAnsfeR of Euploid
Embryo (STAR) trial (8) failed to find the outcome benefit from
PGT-A versus morphology selection in good prognosis pa-
tients. The technique is costly, invasive (9, 10), and imperfect
(11). Inaccurate PGT-A testing may be due to multiple factors,
including the biological nature of embryos (i.e., mosaicism)
and technical errors that result from imperfections in
screening platforms (12–14). The PGT-A was actively mar-
keted by overstating benefits and understating the losses of
potential implantations, and should be applied selectively (15).

The two standard methods of noninvasive embryo selec-
tion are conventional embryo morphological assessment,
which is performedmainly at the BL stage, andmorphokinetic
algorithm, which required expensive time-lapse microscopy
(TLM) (16–20). Most BL morphological assessments are the
Gardner system based, which grades expansion status, inner
cell mass (ICM), and trophectoderm (TE) separately (21).
Although BL morphological grade is widely used and has
been shown to be associated with implantation potential
(22–25), it has several limitations. First, embryo grading is
subjective, with significant intrauser and interuser
variability. Second, the combination of expansion, ICM, and
TE grades introduces complexity when ranking blastocyst
quality and assessing its prognostic value. Different
approaches have been taken to simplify the system by
reducing the number of expansion grades, rating the ICM or
TE as good, fair, or poor (26), or by classifying BL into top,
intermediate, and low quality groups (27, 28).

Because embryo morphology and morphokinetics are
associated with implantation potential, they may also corre-
late with ploidy, as ploidy is the principal determinant of im-
plantation. Although a few studies (19, 29–35) have shown
some association between ploidy and embryo morphology
and morphokinetic assessment, these techniques cannot yet
replace PGT-A. Nonetheless, we should continue to improve
our understanding of their relationship to ploidy.

In the present study we introduce a way to convert
morphological grades and the rate of BL development (day
5/day 6, D5/D6) into a numeric BL score (BS), which can serve
as a predictor of BL implantation potential and ploidy status.
It can also stratify BL into three simple groups (good, fair, and
poor) reflecting their implantation potential and ploidy status.
The BS provides a quantitating way for the modified Gardner
grading.
MATERIALS AND METHODS
Study design and participants

A retrospective cohort study at an academic institution from
November 2011 through June 2017, included 5,653 BL of
known implantation data (KID) (100% implantation rate/
transfer and 0% implantation rate/transfer) for clinical im-
plantation (fetal heart, FH) analysis and 11,348 biopsied BL
for ploidy analysis. All BL were transferred fresh on D5, or
frozen/biopsied-frozen on D5, D6, or D7. The D7 BL and un-
known implantation (non-KID) BL were excluded from this
study.
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Ethical approval and clinical protocol

This retrospective cohort analysis was conducted following
the research protocol approved by the Institutional Review
Board of Weill Cornell Medicine (IRB #1304013779).
Controlled ovarian hyperstimulation, the final oocyte matu-
ration trigger, oocyte retrieval, and embryo transfer were per-
formed per our standard protocols (36). Cryopreserved BLs
were transferred in natural or programmed frozen-thawed
embryo transfer cycles.
Fertilization, embryo culture, and
cryopreservation

After retrieval, oocytes were fertilized by standard in vitro
fertilization (IVF) or intracytoplasmic sperm injection (ICSI)
depending on patient indications. Oocytes were individually
loaded immediately after ICSI on D0 or after the fertilization
check on D1. Embryos were cultured in a TLM system (Em-
bryoScope, Vitrolife) at 37�C, 5.8% CO2, and 5% O2 until
reaching the BL stage (BL day) on D5 or D6. The culture slides
(EmbryoSlide, Vitrolife) were filled with 25 mL of pre-
equilibrated in-house sequential culture medium (cleavage
medium, C1), which was replaced completely by BL medium
(C2) on D3 and covered with tissue culture oil. Each batch
of medium was vigorously tested by endotoxin, sperm sur-
vival test, mouse embryo test, and sibling oocyte test before
clinical use. Embryos were vitrified and warmed using the Ki-
tazato protocol (37).
Preimplantation genetic testing

The TE biopsy was performed after BL was graded on D5 (108–
115 hours after insemination) or D6 (130–138 hours after
insemination), and up to 10 cells were collected after zona
pellucida dissection and hatching by laser (ZILOS-tk, Hamil-
ton Thorne). Biopsied samples were amplified and analyzed
by either array comparative genomic hybridization (Blue-
Gnome 24sure; Illumina, single nucleotide polymorphism
(Natera), or next-generation sequencing (NGS-low, Illumina).
BL grading

The grading system used is a modified Gardner system (38) in
which there was one grade difference in expansion grade, and
intermediate ICM and TE grades added (detailed in
Supplemental Table 1, available online). Most BL were as-
sessed by three embryologists, each of whom with>20 years’
experience of the same grading system. The grades can be re-
viewed using the archived TLM images.
Numeric conversion of BL morphology grade

The grades of BL expansion, ICM, and TE were classified into
four groups based on their KID FH rate similarity and/or sta-
tistical significance. A score from 1 (highest FH rate) to 4
(lowest FH rate) was assigned to each group (Table 1). For
non-BL (cavitating morula and morula), a number 5 was as-
signed to each component. The BL morphology score (BMS)
is the sum of the three scores for expansion, ICM, and TE.
The BL score (BS) is the BMS integrated with the BL day (BS
VOL. 1 NO. 2 / SEPTEMBER 2020



TABLE 1

Numeric conversion of BL grade components based on their fetal heart rates.

Score Expansion FH rate ICM FH rate TE FH rate

1 6 54.4 (62/114)a A 60.6 (406/670)a A 65.3 (179/274)a

1 4 54.5 (24/44)a A- 54.9 (625/1,138)a

1 3 50.8 (1,882/3,708)a

2 2-3 42.7 (167/391)a B 45.5 (1,105/2,430)b A- 55.4 (331/597)a

2 5 44.0 (11/25)a B 50.6 (1,485/2,936)a

3 2 37.5 (276/736)a B- 36.8 (429/1,166)b B- 36.3 (525/1,448)b

4 1-2 35.3 (55/156)a B-/C 23.8 (15/63)c B-/C 26.2 (50/191)c

4 1 33.4 (109/326)a C 18.2 (6/33)c C 29.6 (16/54)c

5 Non-BL 13.7 (21/153)b Non-BL 13.7 (21/153)d Non-BL 13.7 (21/153) c

Note: Values with different superscripts(a-d) in the same column differ significantly (P< .05). n ¼ 5,653.
BL ¼ blastocyst; FH ¼ fetal heart; ICM ¼ inner cell mass; Non-BL ¼ include morula and cavitating morula; TE ¼ trophectoderm.
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¼ BMS in D5 BL; BS¼ BMSþ 2 in D6 BL). The BS can further
classify BL into three simple groups based on their similar FH
rates of euploid BL: good (3% BS% 5), fair (6% BS% 9), and
poor (10 % BS % 14) (39).
Clinical outcome measures

Clinical pregnancy was defined as the presence of FHs within
6–8 weeks after transfer. Live birth was defined as the propor-
tion of transfers resulting in delivery beyond 24 weeks of
gestation. The BS system was based on KID FH data.
Statistical analysis

Statistical analysis was performed using JMP Pro 14 software
(SAS Institute Inc.). The c2 test or logistic regression analyses
were performed with P< .05 considered statistically signifi-
cant. Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated. Overall implantation and ploidy data were
randomly divided into training and validation sets by 75:25
using JMP formula random method. Receiver operating char-
acteristic curve was calculated, and the area under the curve
(AUC) with 95%CI was used to determine the predictive value.

RESULTS
The implantation analysis included 5,653 BL created from
3,247 cycles (2,734 ICSI and 513 standard IVF; patient age,
36.0� 4.9 [range, 20–47] years) and transferred in 4,477 fresh
and frozen cycles. The PGT-A analysis included 11,348 bio-
psied BL from 2,306 cycles (2,258 ICSI and 48 standard IVF;
patient age, 36.8 � 4.7 [range, 21–48] years).
All grade components correlated with
implantation and euploid probability

Table 1 summarizes the FH KID rate by each grade compo-
nent. The FH rate increased significantly with better expan-
sion and ICM or TE grades. Nominal logistic regression in
overall (euploid and untested) BL (n ¼ 5,653) demonstrated
that the FH rate was affected by the following factors (in de-
scending order of significance, all P< .05): euploid transfer,
maternal age, TE, ICM, expansion, and BL day. The oocyte
VOL. 1 NO. 2 / SEPTEMBER 2020
source (donor vs. autologous), fertilization method (ICSI vs.
IVF), and episodes of direct uneven cleavage (DUC) were not
significant factors. For euploid BL (n ¼ 1,402) FH implanta-
tion, the BL day had the greatest impact, followed by ICM,
expansion, and TE grades; however, maternal age became
insignificant.

The ploidy status distributions by expansion, ICM, and TE
grades were interesting (Supplemental Fig. 1, available on-
line). The proportions of single chromosome aneuploidy and
segmental abnormalities were relatively constant across all
grades; only the ratio of euploid versus complex abnormal-
ities significantly decreased reciprocally with lower grades,
especially the TE grade. Logistic regression analysis of
11,348 BL showed that euploid probability was affected dras-
tically by the following factors (in descending order of signif-
icance): maternal age at oocyte retrieval, expansion, TE grade,
BL day, DUC, and ICM grade.
Development of the BMS, which is associatedwith
FH implantation and euploidy probability

Based on the FH rates of each grade and/or statistical signif-
icance, the grades were divided into four groups. A score from
1–4 was assigned to each expansion, ICM, and TE groups
separately. A score 5 was assigned to each grade component
of morula and cavitating morula (Table 1). The BMS is the
sum of three components scores. Figure 1 shows that the FH
rate of overall BL gradually decreases from 65.7%–12.5%
when the BMS increases from 3–12. Logistic regression of
overall BL (n ¼ 5,653) was affected by the following factors
(in descending order of significance): BMS, euploidy transfer,
maternal age, and BL day. For euploid BL transfer (n¼ 1,402),
only the BMS and the BL day were significant factors. For
euploid BL prediction (n ¼ 11,348), the BMS was the second
most significant factor after maternal age, followed by the
BL day and DUC. Comparing to D6, D5 BL had higher FH
rate in overall BL (OR ¼ 1.343, 95% CI 1.17, 1.564) and in
euploid BL (OR ¼ 1.612, 95% CI 1.289, 2.016; all P< .0001).
The D5 BL had higher euploidy odds (OR ¼ 1.403, 95% CI
1.283, 1.534; P< .0001).
135



FIGURE 1

Fetal heart (FH) implantation rate by blastocyst (BL) morphology score (BMS). The FH rate in overall blastocysts gradually decreases from 65.7% to
12.5% with increasing BMS. The same trends were shown in day 5 (D5)/day 6 (D6) euploid/untested blastocysts. The trendline of D5 euploid
blastocysts is near parallel to that of D6 euploid blastocysts. The linear trendline of euploid D6 BL with a 2 unit offset (euploid D6 BMS þ 2)
almost overlapped with the trendline of euploid D5 BL (euploid D5 BL).
Zhan. Blastocyst quality ranking score. Fertil Steril Rep 2020.
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The BS, integration of the BMS and the BL day, is
associated with FH implantation and euploidy
probability

The BMS and the BL day were the only significant factors of
euploid BL implantation, indicating that both are important
measures of BL quality. Figure 1 shows the impact that the
BL day has on the implantation of euploid and untested BL.
We focused on euploid BL only as maternal age was not a sig-
nificant factor. The near-parallel between the FH rate linear
trend lines of D5 and D6 euploid BL (Fig. 1) suggests the
possible integration of the BL day (D5/D6) with the BMS.

To find out the optimal score for BL day (D6), we tried
different methods to modify the D6 score to merge both
groups (D6/D6) into a single score, and then repeat the logistic
regression to determine the significance of the BL day. After
testing from 1–5, the BL day became insignificant after
applying the number 2 (Table 2). In addition, the linear trend-
line of euploid D6 BL with a 2-unit offset almost overlapped
with the trendline of euploid D5 BL (Fig. 1), indicating that
number 2 is a reasonable correction on D6 BL to unify the
scoring. The BS is defined as: BS ¼ BMS for D5 BL; BS ¼
BMS þ 2 for D6 BL.

For overall BL FH implantation, the BS is the most signif-
icant factor (OR/unit change ¼ 0.807, 95% CI 0.784, 0.831),
followed by euploidy and maternal age (Table 2A). For
euploid BL FH implantation, it is the only significant factor
(OR/unit change ¼ 0.845, 95% CI 0.803, 0.889; Table 2B).
For BL euploidy odds, the BS is the second significant factor
136
(OR/unit change¼ 0.808, 95% CI 0.795, 0.822) after maternal
age (Table 2C). In the previous analyses, the impact of BL day
became insignificant, demonstrating the successful integra-
tion of the BL day and BL morphology grade in BS. Figure 2
shows that the larger the BS, the lower the FH rate of euploid
and untested BL, as well as the lower euploid probability.
BS is a predictor of BL implantation and BL
euploidy probability

Implantation and ploidy data were sampled randomly into
training and validation sets (75:25) by formula randomiza-
tion. For the FH implantation prediction by BS, the AUC of
0.606 (95% CI 0.581, 0.631; n¼ 1,475) in validation is similar
to that in training (0.628, 95% CI 0.613, 0.643; n¼ 4,178). For
the euploidy prediction, the accuracy was similar in training
(AUC¼ 0.683, 95% CI 0.673, 0.693; n¼ 8,539) and validation
(AUC ¼ 0.698, 95% CI 0.681, 0.715; n ¼ 2,809). The BS has a
better predictive ability for BL euploidy than for FH
implantation.
Stratifying BL into simple groups by BS

Based on the similar FH incidence rates of euploid BL shown
in Figure 2, the BS can stratify BL into three simple groups:
good (3 % BS % 5, average FH rate ¼ 71.2%), fair (6 % BS
% 9, average FH rate ¼ 54.8%), and poor (10 % BS % 14,
average FH rate ¼ 33.3%). Supplemental Figure 2, available
online, shows the descending FH and live birth rates of
VOL. 1 NO. 2 / SEPTEMBER 2020



TABLE 2

Nominal logistic regression: fetal heart implantation, euploidy versus blastocyst score.

Analysis Effect summary ORs for odds of positive versus negative

A Source LogWorth P value Level 1 /Level 2 OR Lower 95% CI Upper 95% CI

Overall (euploid and
untested)

BSa 52.828 .00000a Per unit change 0.807 0.784 0.831

Blastocyst
implantation (FH)

Entire range (3–15) 0.077 0.054 0.108

N ¼ 5,653 Euploidya 34.047 .00000a Euploid Untested 2.391 2.076 2.753
Maternal agea 18.669 .00000a Per year change 0.940 0.927 0.953

Entire range (20–47) 0.186 0.129 0.270
Blastocyst day 0.994 .10144 D5 D6 0.878 0.751 1.026

B
Euploid blastocyst

implantation (FH)
BSa 10.699 .00000a Per unit change 0.845 0.803 0.889

Entire range (3-15) 0.133 0.072 0.244
N ¼ 1,402 Blastocyst day 0.602 .25005 D5 D6 1.163 0.899 1.505

C
Blastocyst euploidy odds Maternal age 242.788 .00000a Per year change 0.856 0.848 0.865
N ¼ 11,348 Entire range (21–48) 0.015 0.012 0.020

BSa 152.700 .00000a Per unit change 0.808 0.795 0.822
Entire range (3–15) 0.078 0.064 0.095

Direct uneven cleavagea 2.468 .00340a Non-DUC DUC 0.814 0.710 0.934
Blastocyst day 0.737 .18312 D5 D6 0.933 0.842 1.033

Note: The same variables in analysis A, B, and C were BS, maternal age, oocyte source (donor/autologous), fertilization method (IVF/ICSI), and direct uneven cleavage. Euploidy (euploid/untested)
was included in analysis A only.
Except for blastocyst day, only the variables listed were significant. BS¼ blastocyst score; CI¼ confidence interval; D5/D6¼ day 5 or day 6; DUC¼ direct uneven cleavage; FH¼ fetal heart; ICSI¼
intracytoplasmic sperm injection; IVF ¼ in vitro fertilization; OR ¼ odds ratio.
a P< .05.
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euploid and untested BL from the good to non-BL groups.
With advancingmaternal age, the implantation rates were de-
scending across all groups of untested BL (Supplemental
Fig. 2, right). This declining trend disappeared in euploid BL
(Supplemental Fig. 2, left). The ploidy ratios (euploid/complex
abnormalities) followed the same trend among different
maternal ages and BL groups (Supplemental Fig. 3, available
online).
DISCUSSION
To our knowledge this study comprises the largest sample size
ever used to explore the relationship between BL morphology
grade, BL day, implantation, and ploidy status. We developed
a numeric ranking system, the BS, successfully integrating the
BL morphological grade with developmental speed, which is a
predictor of BL implantation and euploidy.

Various studies have demonstrated that only the expan-
sion (23, 24), or the ICM grade (36, 40–42), or the TE grade
(23, 25, 43) is associated with pregnancy outcome, which
was consistent with our finding. Besides that, all three
components are significant implantation factors (Table 1).
The TE grade has a higher predictive strength than the ICM
grade for BL implantation, indicating the crucial function of
the TE (26, 29). On a cautionary note, these data could be
influenced by selection bias, as BL with a ‘‘C’’ ICM grade is
rarely chosen for transfer in our practice. The lack of data
on embryos exhibiting poor ICM grade BL could also affect
the statistical significance of the ICM grade (7). Oocyte
source, fertilization method, and DUC did not appear to
have an impact on BL implantation, confirming that DUC
VOL. 1 NO. 2 / SEPTEMBER 2020
only impacts embryo implantation in early stage but not
blastocyst stage (44).

In prior published studies (30, 32) of euploid BL transfers,
with limited sample sizes, BL morphological features and the
BL day were not associated with implantation potential. How-
ever, the BL day is the strongest predictor of euploid BL im-
plantation, followed by ICM, expansion, and TE grades,
supporting our previous finding (45). The value of traditional
morphological assessment should not be overlooked, even for
PGT-A BL selection. Maternal age is the strongest predictor of
untested BL implantation, but insignificant in euploid BL,
suggesting that the effect of maternal age on implantation
is contributed mainly by ploidy status. Our previous study
(36) and another report (32) indicate that slow-growing BL,
which has higher aneuploidy and miscarriage rates, could
be euploid and result in live birth. Although the effect of
maternal age on euploid BL implantation is not significant,
none of the euploid non-BL (mostly morula) embryos from
patients older than 40 years implanted in this study
(Supplemental Fig. 2, left).

Given that embryo ploidy is the principal determinant of
implantation potential, the correlation between BL
morphology and implantation suggests a relationship be-
tween BL morphology and ploidy as expected. Several studies
(29–32) of smaller sample sizes have reported some
association between BL morphological grade and
aneuploidy. We, on the other hand, confirmed a strong
correlation between the likelihood of euploidy and BL
morphological features. Similar to another study (43), the
TE grade has greater predictive power than the ICM grade.
137



FIGURE 2

Fetal heart (FH) implantation rate and euploidy rate by blastocyst (BL) score (BS). The FH rate in untested/euploid blastocysts and the euploidy rate in
biopsied BLs gradually decrease with larger BS. Based on the similar FH rate of euploid BL, BLs can be further stratified into three groups: good (3%
BS % 5; average FH rate, 71.2%), fair (6 % BS % 9; average FH rate, 54.8%), and poor (10 % BS % 14; average FH rate, 33.3%). PGT-A ¼
preimplantation genetic testing for aneuploidy.
Zhan. Blastocyst quality ranking score. Fertil Steril Rep 2020.
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Some possible explanations include: [1] only TE cells were
biopsied and analyzed for PGT-A. The ploidy result was
only a direct reflection of TE ploidy, and may not have been
concordant with the ICM due to the relatively high prevalence
of mosaicism in human embryos, and perhaps even due to
technical errors (12–14). [2] TE grading is relatively easier
compared with ICM, which may lead to fewer variations
between observers. The BL grading is subjective and
reflected interobserver and intraobserver variance (7).

Although the Gardner-based BL grading is widely used,
the complexity of grade combinations and the lack of numeric
scores with which to assign ranking diminishes its clinical
value. Some attempts have been made to address these limi-
tations. One is a simplification of the BL grade into good,
fair, and poor categories (28). The other is numeric transfor-
mation. In previous reports, the morphological grades were
converted into numbers and a BL quality score (BQS; score
1–54, total of 17 scores) was defined as the production of
multiplication (46). In addition, the embryo progression index
(EPI) was calculated as the AUC of observed or estimated total
cell number, which was estimated by the BL grade (46). This
mean BQS was the stronger predictor of outcome than the
138
mean EPI (46). Although the BQS was a useful attempt at
creating a BL quality ranking system, there were some limita-
tions, as follows: [1] the number assignment for each grade is
not evidence-based; [2] the BQS was calculated bymultiplica-
tion instead of addition, resulting in a wider spread of values
between lower and higher quality embryos, which may also
result in the nonlinear correlation with implantation; [3] the
BL day was not taken into consideration; [4] the calculation
is quite complicated (the EPI is AUC of estimated total cell
number curve, which needs adjusting by BL grade); [5] the
smaller sample size (n ¼ 777); [6] the use of the clinical preg-
nancy rate per transfer instead of the real BL implantation
rate; and [7] the use of the mean BQS and EPI instead of the
individual value of BL due to multiple transfers undermined
the conclusions.

A viable embryo will reach full expansion with a promi-
nent ICM and TE, consisting of many cells approximately at
116 � 2 hours (D5) after insemination (7). The BL day can in-
fluence the BL ranking order, and its impact on implantation
is conflicting. Recent studies indicate that D5 BL may be su-
perior to D6 BL, although this difference disappeared in a
euploid transfer (30). On the contrary, this study confirmed
VOL. 1 NO. 2 / SEPTEMBER 2020
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our previous findings (45), indicating the superiority of D5
versus D6 in terms of overall BL implantation, euploid BL im-
plantation (Fig. 1), and odds of euploidy (OR ¼ 1.403).

In the present study we developed a protocol to convert
BL grades into a numeric BL score. The keys to its successful
development were, as follows: [1] the large sample size of our
study (n ¼ 5,653); [2] KID FH rate were used instead of preg-
nancy rates per transfer used in BQS, which is a better reflec-
tion of real implantation potential of BL (46); [3] scores were
evident-based on the implantation range of each grade and/or
statistical significance, which means that fine-tuning the pro-
tocol is possible to accommodate different grading systems
and lab settings; [4] addition instead of multiplication for
calculation, which contributes to the linearity; and [5] the
impact of the BL day was considered and quantified success-
fully (2 points offset for D6). Evidence of our success is sug-
gested by: [1] nearly linear correlation of BS with euploidy
probability (Fig. 2); [2] nearly linear correlation with FH rates
of untested and euploid BL (Fig. 2); [3] for implantation, the
BS appears to be the most influential factor of overall BL
and the sole factor of euploid BL (the effect of the BL day
was insignificant [Table 2]); [4] the BS can predict FH implan-
tation with AUC between 0.606 and 0.628, which is accept-
able because the embryo quality is not the sole factor
involved in implantation (e.g., uterine factor, ploidy status);
and [5] the BS has better euploidy prediction ability (AUC ¼
0.683–0.698), indicating that ploidy is the main cause of the
10%–15% FH rate difference between euploid and untested
BL (Fig. 2).
Clinical application

As a numeric measure of BL quality, the BSmight also serve as
a key performance indicator in an IVF laboratory quality con-
trol. The ability to stratify BL into simple groups, provide an
approach for comparing results fromdifferent grading system.
The linear correlation with implantation indicates that the BS
is a valuable selection ranking tool in untestedBL transfer, and
is also critical for euploid BL transfer. Patients who used PGT-
Awill benefit from transferring the best quality BL selected by
BS. The BShas a better ability to predict euploidy. The BS could
be a potential PGT-A consultation tool. We could develop BS-
based algorithms as noninvasive BL evaluation tools to avoid
costly, invasive PGT-A in certain BL. Besides morphology,
TLM provides another noninvasive assessment approach
(16–20). The BL development is the outcome indicator in
many morphokinetic models. However, the complexity and
subjectivity of the BL grade are the major obstacles
hindering the establishment of universal TLM models. The
rapid development of image analysis using machine
learning has recently provided a way to standardize and
quantitate BL assessment objectively (47–49). However, this
technique requires an enormous amount of training data
(quantified images tagged with BL features). With the help of
BS to convert and quantify existing BL grade data,
standardized automatic BL assessment is possible. In the not
distant future, combinations of machine learning, TLM,
clinical and laboratory big data, and embryonic genomic
data will make it possible to understand the critical
VOL. 1 NO. 2 / SEPTEMBER 2020
parameters of assisted reproduction and to provide targeted
and personalized treatments.
Limitations

The major drawback of this study is its retrospective nature
and its use of KID due to double embryo transfers. Ideally,
including only single embryo tranfers (SETs) and cycles
from different patients could avoid the potential bias intro-
duced by KID (50). However, if this dataset were limited to
SET only, 4,477 BL remains; if excluding both, a maximum
of 3,249 BL remains. Another problem is the very uneven dis-
tribution between different BS groups. For a BS between 12
and 14, the sample size ranges from 2 to 44. The impact of se-
lection bias due to the lack of poor-quality BL could be exag-
gerated by reducing the total sample size (zero sample in BS¼
14 if only 4,477 SET included; zero sample in BS¼ 13 or 14 if
both excluded [n¼3,249]). A further prospective SET study
using the BS will provide more detailed analysis and allow
for optimization of the score. Although the BS is a numeric
conversion of the BL grade and the BL day, it is still a subjec-
tive measure. Also, many factors involved in the implantation
(e.g., endometrium) were not included in the present study,
which needs further investigation.

Nevertheless, we have described a numeric transforma-
tion system (the BS) that successfully integrates the BL
morphology grade and the BL day, with a highly linear corre-
lation with BL implantation and euploidy rate and ability to
predict BL FH implantation and euploidy. As a ranking order
tool, the BS has potential applications in BL selection and
research. Also, it has the flexibility to stratify BL into simple
groups.

In conclusion the three BL morphological grade compo-
nents and the BL day were correlated with BL implantation
and euploid probability, which can be converted successfully
into a numeric BS. The BS is a predictor for BL FH implanta-
tion and ploidy status. It can stratify BL into simple groups.
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