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Abstract

Background: The KIDScore™ Day 5 (KS-D5) model, version 3, is a general morphokinetic prediction model (Vitrolife,
Sweden) for fetal heartbeat prediction after embryo transfer that was developed based on a large data set that
included implantation results from a range of clinics with different patient populations, culture conditions and
clinical practices. However, there was no study to comparing their pregnancy and live birth prediction ability
among different maternal age. The aim of this study is to analyze the performance of KS-D5 in predicting
pregnancy and live birth in various maternal age groups after single vitrified-warmed blastocyst transfer (SVBT).

Methods: A total of 2486 single vitrified-warmed blastocyst transfer (SVBT) cycles were analyzed retrospectively.
Confirmed fetal heartbeat positive (FHB+) and live birth (LB+) rates were stratified by Society for Assisted
Reproductive Technology (SART) maternal age criteria (< 35, 35-37, 38-40, 41-42 and = 43 years of age). Within
each age group, the performance of the prediction model was calculated using the AUC, and the results were
compared across the age groups.

Results: In all age groups, the FHB+ rates decreased as the KIDScore decreased (P < 0.05). Conversely, the AUCs
increased as the maternal age increased. The AUC of the < 35 age group (0.589) was significantly lower than the
AUCs of the 41-42 age group (0.673) and the 243 age group (0.737), respectively (P < 0.05). In all age groups, the
LB+ rates decreased as the KIDScore decreased (P < 0.05). Conversely, the AUCs increased as the maternal age
increased. The AUC of the 243 age group (0.768) was significantly higher than the AUCs of other age groups

(P < 0.05; <35 age group =0.596, 35-37 age group = 0.640, 38-40 age group = 0.646, 41-42 age group = 0.679).
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Conclusions: In the present study, we determined that the KIDScore model worked well for prediction of
pregnancy and live birth outcomes in advanced age patients.

Keywords: Time-lapse incubation, Pregnancy, Minimal ovarian stimulation, Single embryo transfer, Maternal age,

Blastocyst culture, Live birth

Introduction

Single blastocyst transfer is mainly used during in-vitro
fertilization (IVF) treatment to prevent multiple concep-
tions and, it results in higher pregnancy rates than cleav-
age transfer. When several embryos are available after
prolonged embryo culture, a thorough evaluation of each
blastocyst is needed to identify those with the highest
implantation potential. Since its inception, the blastocyst
grading system developed by Gardner et al. based on the
degree of blastocyst expansion and the morphology of
the inner cell mass and trophectoderm cells has been
widely used in various institutions around the world [1].
Furthermore, our previous study suggested that a com-
bination of embryo developmental speed to expanding
blastocyst and maternal age could be used to predict
pregnancy outcomes [2].

Recently, time-lapse incubation has become available
for clinical use. The time-lapse imaging technology has
not only enabled embryo culture under stable and un-
interrupted conditions, but has also improved the ability
to select embryos through consecutive observation [3].
Consecutive observation by means of time-lapse incuba-
tion makes it possible to accurately evaluate the develop-
mental speed and the cell cycle duration in an embryo.
Embryo developmental parameters such as the timing of
pronuclear fading [4], the timing of 2-cell division [5],
the timing of 4-cell division, the timing of blastocyst for-
mation [5] and others have been reported to be indica-
tive of pregnancy outcomes. Similarly, typical human
embryo cleavage features such as direct cleavage [6], re-
verse cleavage [7], blastomere movement [8, 9], blasto-
cyst collapse [10, 11] and other morphokinetic events
were observed by consecutive observation and were used
to predict pregnancy outcomes. The importance of these
features was reported by the ESHRE working group [12].
Therefore, morphokinetic parameters are important fac-
tors to consider when evaluating embryo quality.

Based on a combination of morphokinetic factors,
high-accuracy embryo selection models can be made [5].
For blastocyst culture and transfer, several prediction
models for blastocyst selection have been reported pre-
dicting implantation [5, 13] or blastocyst formation [14].
However, the performance of these models might differ
between different IVF clinics. Therefore, embryo selec-
tion models should be validated prior to use [15, 16]. In
contrast, the KIDScore™ Day 5 (KS-D5) model, version
3, is a general morphokinetic model for implantation

prediction (Vitrolife, Sweden) that was developed based
on a large data set from a range of clinics with different
patient populations, culture conditions and clinical prac-
tices. Thus, KS-D5 is a decision support tool that is
intended to be generally applicable in different clinical
settings for choosing the blastocyst to transfer.

Although it used the previous version of KS-D5, a re-
cent study published by a French team suggested that
KS-D5 could be useful as a support tool for deciding
which blastocyst to select for transfer. However, this
study did not look into the possible value of pregnancy
prediction [17].

Maternal age has a significant influence on pregnancy
rates due to the strong correlation with euploidy rates
[18, 19]. One study showed that KS-D5 scores to some
extent correlated with aneuploidy and were potentially
associated with the clinical outcome of single embryo
transfers in preimplantation genetic testing for aneu-
ploidy cycles [20]. Furthermore, it has been shown that
blastocyst morphology highly correlates with maternal
age [21], which may affect KS-D5 scores. Therefore, the
use of any blastocyst score in combination with a strati-
fication by maternal age would possibly allow for a more
accurate prediction of pregnancy outcomes. Clinically,
predicting the actual pregnancy chance would be good
for patient communication in order to prevent unrealis-
tic expectations of older patients and to mitigate worries
and concerns amongst younger patients. In fact, in our
previous study, we established a blastocyst grading sys-
tem by embryo developmental speed that stratified for
maternal age [2]. Therefore, to effectively utilize KS-D5,
it is important to investigate the relationship between
KS-D5 scores and maternal age.

The aim of the present study was to analyze the per-
formance of KS-D5 in different maternal age groups and
to calculate fetal heartbeat positive (FHB+) rates and live
birth positive (LB+) rates following single vitrified-
warmed blastocyst transfer (SVBT).

Materials and methods

Patients and study design

A total of 2486 autologous SVBT cycles were included
from 2486 patients that underwent their first SVBT cycle
between September 2018 and April 2020. During the
study period, only single embryo transfers were per-
formed following an exclusive single embryo transfer
policy. Therefore, the cohort was analyzed on a per-
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cycle basis. Blastocysts for warming were selected based
on our internal blastocyst grading model that combines
our previous study [2] and the Gardner criteria. The sur-
vival rate of thawed blastocysts was 99.8% (2482/2486).
Patients who underwent preimplantation genetic diagno-
sis and women with hypothalamus-pituitary gland-
related amenorrhea were excluded. All inseminations
were carried out by intracytoplasmic sperm injection
(ICSI). The cycles were stratified by Society For Assisted
Reproductive Technology (SART) age groups and by
KS-D5 score quartiles and analyzed for correlation with
FHB. The maternal age and paternal age were used as of
egg retrieval (ER). In the first analysis, the AUC for pre-
dicting FHB+ or LB+ were compared among maternal
age groups. In the second analysis, we showed the esti-
mated coefficients of the logistic regression for calcula-
tion of the actual value of FHB+ rates.

The institutional review board approved the study de-
sign (approval number: 16-32, approved March 13,
2017). Informed consent was obtained from all couples.
They were informed that their anonymized data could
be used for retrospective analyses.

Minimal ovarian stimulation, oocyte retrieval, fertilization

procedures and embryo culture

All patients underwent a minimal ovarian stimulation
protocol [5]. Ovulation was triggered using buserelin
(Suprecur; Mochida Pharmaceutical Co., Ltd., Tokyo,
Japan or Buserecur; Fuji Pharma Co., Ltd., Tokyo,
Japan), a nasal spray containing a GnRH agonist, after
confirmed initiation of the LH surge. ER was performed
using a fine 21-22 G needle (Kitazato, Japan) without
any anesthesia and without follicular flushing. ICSI was
performed when spindle appearance (IX73-SLIMSI,
IX83, OLYMPUS, Japan) was confirmed after ER. ICSI
was performed 4-5 h after the retrieval. After ICSI, the
oocytes were transferred to a pre-equilibrated Embryo-
Slide (Vitrolife, Sweden) and incubated in the time-lapse
incubator (EmbryoScope+ or EmbryoScope Flex, Vitro-
life, Sweden). EmbryoSlides were prepared according to
the manufacturer’s instructions. A one-step medium
(NAKA medical, Japan) was used for embryo culture.
The culture dishes were covered with mineral oil (Ovoil,
Vitrolife). All embryos were cultured at 37 °C under a
gas phase of 5% O,, 6% CO, and 89% N, from day 1-7.

Embryo observation, blastocyst monitoring, grading and
vitrification

Fertilization assessment was performed 16-20h after
ICSI. Normally fertilized zygotes with 2 pronuclei (PN)
were cultured until the blastocyst stage. Embryo obser-
vation was performed using the EmbryoViewer software
(Vitrolife, Sweden) without removing the culture dish
from the incubator to confirm the presence of 2 PN on
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day 1 and embryo cleavage on day 2. As per the center
protocol, in order to closely monitor embryonic develop-
ment between days 5 and 7, embryos were checked twice
daily until blastocyst freezing. For blastocyst vitrification
on day 5 or 6, the blastocysts were required to attain an
inner diameter of > 160 um [22]. The embryos that ful-
filled these blastocyst vitrification criteria were used in
our study and were defined as utilized blastocysts. The
embryos that we selected in this way were vitrified im-
mediately according to the Cryotop method [23]. If the
developing embryo did not fulfill the desired criteria, it
was cultured further until a maximum of day 7. For
blastocyst vitrification on day 7, the blastocysts were re-
quired to attain an inner diameter of > 180 um [24]. If
the embryo did not fulfill this criterion by day 7, it was
discarded. Measurements of the blastocyst inner diam-
eter were performed using the EmbryoViewer software.
ICM and TE were stratified into three grades (A to C)
according to the Gardner criteria [1]. For KS-D5, version
3, only annotations of the timing of pronuclear fading
(tPNf), the timing of 2-cell division (t2), the timing of 3-
cell division (t3), the timing of 4-cell division (t4), the
timing of 5-cell division (t5), the timing of blastocyst for-
mation (tB) and morphological grade (inner cell mass
(ICM) and trophectoderm (TE)) according to the Gard-
ner criteria [1] are required. The model calculates a con-
tinuous KS-D5 score from 1.0-9.9. Furthermore, this
model is limited to embryo culture under reduced oxy-
gen with day 5 transfer. After annotation of the required
parameters, KS-D5 scores were calculated using the
EmbryoViewer software. The morphological grading and
annotations were carried out by well-trained experienced
embryologists. Their kappa values for an indication of
the consistency of evaluation in blastocyst morphology
were 0.6 for ICM and 0.7 for TE. No variations were ob-
served in the morphokinetic, leading to basic parameters
consistent with the previous study [25]. Therefore, their
consistency in terms of morphokinetics was not
analyzed.

Post-warming embryo culture and vitrified-warmed
blastocyst transfer procedure

SVBT was performed on day 4.5-5 after ovulation dur-
ing a spontaneous natural cycle as previously described
[26]. Blastocysts for warming were selected based on our
internal blastocyst grading model that combines our pre-
vious study [2] and the Gardner criteria. If a patient had
more than one blastocyst with similar grades, the blasto-
cyst for transfer was selected based on trophectoderm,
ICM, blastocyst diameter and blastocyst expansion time.
Therefore, KS-D5 was not used for deciding which
blastocyst to transfer. The blastocyst warming was car-
ried out according to Cryotop methods [23]. After
warming, laser-assisted hatching (Saturn 5 laser system,
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Origio, Denmark) was performed for complete zona re-
moval in accordance with our previous study [27]. The
blastocysts were cultured for 30 min to 2 h until blasto-
coel re-expansion was confirmed. Only blastocysts where
the blastocoel size remained the same or increased rela-
tive to the size before vitrification were transferred. De-
generating blastocysts were discarded.

The embryo transfer procedure was performed by pla-
cing a single blastocyst, suspended in a minimal volume
of medium, in the upper part of the uterine cavity under
vaginal ultrasonographic guidance using a specially
designed soft silicone inner catheter (Kitazato, Japan).
Luteal support was provided depending on the patient’s
serum progesterone (P4) level on the day of the embryo
transfer. Patients with a P4 level > 12 ng/mL were ad-
ministrated dydrogesterone (30 mg/day orally, Daiichi-
Sankyo, Japan). SVBT was not carried out on patients
with P4 levels < 8 ng/mL. Patients whose P4 levels were
in the range of 8 to 12 ng/mL were administrated pro-
gesterone intravaginally (Luteum Vaginal Suppository,
ASKA Pharmaceutical, Japan) until the eighth week of
pregnancy. During the first trimester, pregnancies were
followed weekly by performing hormone measurements
and ultrasonography until approximately 9 weeks of on-
going gestation (confirmed FHB), at which point patients
were referred to their obstetrician for subsequent care.
Live birth outcomes were ascertained by a written pa-
tient questionnaire and/or by the treating obstetrician.

Statistical analysis

A chi-squared test was used to compare categorical vari-
ables among groups. Nominal variables were analyzed
using the Wilcoxon rank-sum test or the Cochran-
Armitage test for trend as appropriate. The Pearson
correlation coefficient was used to detect linear associ-
ation. The performance of KS-D5 in predicting FHB was
calculated using receiver operating characteristic (ROC)
curves. The area under the ROC curves (AUC) that indi-
cated the power of FHB or LB prediction were compared
among all maternal age groups using the two-sided
DeLong’s test. An AUC of 0.5 is equivalent to random
prediction, whereas 1.0 is equivalent to a 100% correct
prediction.

Logistic regression was used to analyze the relation-
ship between FHB and KS-D5 scores. Initially, a univari-
ate analysis between FHB and maternal age, paternal
age, number of previous egg retrivals, number of previ-
ous embryo transfers, cause of infertility and KS-D5 as
covariates was performed. The same covariates were
used in multi-variable logistic regression. The response
to maternal age and KS-D5 was further analysed by in-
cluding the non-linear quadratic and interactions terms:
age*age, KS-D5*KS-D5 and age*KS-D5 as continuous
covariate variables in the multi-variable logistic
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regression [28]. To choose which covariates to include, a
stepwise variable selection procedure was used in which
variables with the best Akaike information criterion
(AIC) were included.

JMP software (version 10.0; SAS Institute, Cary, NC)
and R (version 3.6.1, 2019-07-05) were used for all statis-
tical analyses.

Results

Table 1 shows the participant characteristics for each
maternal age group. There were significant differences
in the average number of previous egg retrieval cycles
and the number of previous embryo transfers between
age groups (P< 0.05). In terms of etiology of infertility,
the < 35 age group has significantly higher rates of ovu-
lation disorders than the >43 age group (P < 0.05). Fur-
thermore, the <35 age group has significantly lower
rates of unknown factor than the >43 age group
(P < 0.05). Also, the <35 age group and the 35-37 age
group have significantly higher rates of combinations of
two or more infertility factors than the >43 age group
(P< 0.05). Additionally, we compared AUCs of KID-
Score between male factor infertility and non-male infer-
tility factors. The AUC was 0.678 and 0.683,
respectively, and not significant.

Table 2 shows the embryo characteristics for each ma-
ternal age group. When maternal age increased, tB in
general also increased with a significantly shorter tB for
the younger groups compared to the older groups
(P< 0.05). The KS-D5 maximum and minimum scores
were not different among maternal age groups. However,
Q1, median and Q3 decreased with increased maternal
age. There were significant differences in the average
KS-D5 scores between age groups (P < 0.05), except for
adjacent age classes under the age of 43. In the >43 age
group, we found lower KS-D5 scores than in all other
groups (P< 0.05). The distribution of KS-D5 scores
within each maternal age group is shown in Fig. 1.

FHB+ rates stratified by maternal age group and analysis
of KS-D5
Table 3 shows the results of the uni- and multi-variable
logistic regression analysis for FHB+. Maternal age and
KS-D5 scores correlate with FHB+ (maternal age: ad-
justed odds ratio (aOR) 0.877, 95% confidence interval
(CI) 0.846-0.886; KSs: aOR 1.325, 95% CI 1.270-1.385).
Table 4 shows the FHB+ rates in each KS-D5 group
stratified by maternal age. In all age groups, FHB+ rates
significantly increased when KS-D5 scores increased
(P< 0.05). Furthermore, within each maternal age
group, FHB+ rates significantly increased when KS-D5
scores increased (P < 0.05). In all KS-D5 groups, FHB+
rates significantly decreased when maternal age in-
creased (P < 0.05).
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Table 1 Patients characteristics for each maternal age group
< 35 35-37 38-40 41-42 >43 Total
Cycle, n 292 405 613 490 682 2482
Maternal age(+ SD)at ER 321+£19 36.1+£08 392+08 415+05 443+14 39.7 £4.1
Paternal age(+ SD)at ER 350+49 379+43 406+ 44 430+46 450+5.1 412+57
No. of previous ER( SD) 22+20° 29+27° 35+35°¢ 45+41 ¢ 78+72°¢ 47452
No. of previous ET(+ SD) 16+16° 23+24° 27+27°€ 32+29¢ 43+40° 30+£32
Etiology of infertility (%)
Male factor 29.7 254 259 27.5 216 254
Tubal factor 2.1 5.0 45 5.8 57 49
Endometriosis 55 38 42 26 37 38
Ovulation disorders 41° 33 22 09" 23 24
Uterine or cervical factor 38 40 49 6.0 7.0 54
Combination 155° 136° 12420 98 80" 13
Unknown 390° 443 458 473 51.7° 466
Other 03 0.5 0.2 0.2 0.2 0.1
The different letter has statistically significant differences across the maternal age groups (P < 0.05)
ER Egg retrieval, ET Embryo transfer, SD Standard deviation, SE Standard error
Table 2 Embryo characteristics for each maternal age group
< 35 35-37 38-40 41-42 >43 Total
tPNf (hour) 228+0.17 228+0.16 22.7+£0.12 22.7+£0.13 225+0.12 22.7 £0.06
2 (hour) 254+0.18 254+0.16 252+0.13 252+0.13 251012 252 +0.06
t3 (hour) 354+£024 357+£0.22 354+0.18 356+0.19 354+0.16 355+0.09
t4 (hour) 37.0+£0.27 3724023 37.0+£0.19 36.9+0.21 370+£0.18 37.0£0.09
t5 (hour) 482+042 483+036 483+0.29 483+032 484+0.27 483+0.14
tB (hour) 104.7 061 ° 1056+052 1062+042 ° 1069+ 047 ° 1089+ 040 € 106.8 £0.21
Day of cryopreservation Day 5% 76.7 733 71.8 70.0 60.1 69.0
o0 Day 6* 226 252 27.1 284 378 29.5
Day 7* 0.7 1.5 1.1 1.6 2.1 1.5
ICM grade A* 589 533 535 506 403 498
o0 B 243 254 259 286 26.7 264
cx 168 212 206 20.8 333 238
TE grade A¥ 558 46.2 442 392 283 405
o0 B 209 242 263 25.7 22.7 24.2
cx 233 296 29.5 35.1 49.0 353
KIDScore Average 6.68+233° 6.35+247 6.23+240 °° 6.02 +2.39 « 528+233°¢ 60+24
MAX 9.8 9.8 9.8 9.8 9.8 9.8
75% 8.6 86 84 8.1 7.3 8.2
Median 74 6.9 6.7 64 5.1 6.3
25% 29 26 26 26 24 3.7
MIN 1.7 14 14 1.5 13 1.3

Value are mean + SEM or %

Different subscripts are statistically significant different across the maternal age groups (P < 0.05)
* An asterisk means significant correlation between the rates of each grade and maternal age groups by Cochran-Armitage trend test (P < 0.05). Timing of
pronuclear fading = tPNf); Timing of 2-cell division = t2; Timing of 3-cell division = t3; Timing of 4-cell division = t4; Timing of 5-cell division =t5; Timing of

blastocyst formation = tB; SEM Standard error of the means, ICM Inner cell mass, TE Trophectoderm
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Fig. 1 Distribution of KS-D5 scores for all embryos and in different age groups

Figure 2 shows the correlation between pregnancy
rates and KS-D5 scores within the different age groups.
By grouping embryos into quality groups depending on
their KS-D5 scores, it is possible to investigate if the age
response is affected by embryo quality. Figure 3 shows
the correlation between pregnancy rates and age for the
different embryo quality groups and indicates that in-
creasing maternal age led to low pregnancy rates regard-
less of KS-D5 scores.

LB+ rates stratified by maternal age group and analysis
of KS-D5

LB could be analyzed in 2469 cycles. In the remaining 13
cycles, clinical outcomes data were not reported by the pa-
tients or the hospital. Table 5 shows the LB+ rates in each
KS-D5 group stratified by maternal age. In the combined
results from all age groups, LB+ rates significantly in-
creased when KS-D5 scores increased (P < 0.05). Further-
more, within each maternal age group, LB+ rates
significantly increased when KS-D5 scores increased
(P< 0.05). In all KS-D5 groups, LB+ rates significantly de-
creased when maternal age increased (P < 0.05).

Estimation of the likelihood of fetal heartbeat
Multi-variable logistic regression models were used to
investigate the relationship between FHB and KS-D5

and maternal age. Due to the non-linear response to ma-
ternal age both quadratic interaction between maternal
age and KS-D5 were included. In a stepwise model selec-
tion procedure, it was found that the model that best de-
scribed the data included KS-D5 scores, age and age” as
covariates. The estimated parameters in this regression
model were KS: 0.2482 +0.0224, age: 0.7715+0.1941,
age” - 0.0119 + 0.0026 and intercept: — 14.47 + 3.63. The
regression curve for the different age groups is shown in
Fig. 2 and for different KS-D5 groups in Fig. 3. The
equation for estimating the likelihood of fetal heartbeat
is shown in supplementary Fig. 1.

Comparison of AUCs among age groups

Table 6 shows the comparison of AUCs among maternal
age groups in prediction of FHB and LB. For FHB pre-
diction, the overall AUC of all patients was 0.680. For
subgroups, the AUCs were: < 35 age group: 0.589, 35-37
age group: 0.658, 38—40 age group: 0.647, 41-42 age
group: 0.673 and >43 age group: 0.737. Analyses across
the groups showed that the AUC of the <35 age group
was significantly lower than that of the 41-42 and > 43
age groups (P< 0.05). No significant difference was
found among the other groups. The ROC curves for
each maternal age group are shown in supplementary
Fig. 2.

Table 3 Uni- and multi-variable logistic regression analysis for FHB+ after SVBT

Univariate analysis

Multivariate analysis

OR ratio 95% CI P value aOoR ratio 95% Cl P value
Maternal age 0.866 0.846-0.886 < 005 0.877 0.850-0.905 < 005
Paternal age 0.944 0.928-0.960 < 005 - 0.291
No. of previous ER 0.929 0.906-0.950 < 005 - 0.179
No. of previous ET 0.937 0.906-0.968 < 0.05 - 0.558
Cause of infertility - 0.547 -
KS-D5 scores 1.325 1.270-1.385 < 0.05 1.282 1.227-1.340 < 0.05

ER Egg retrieval, ET Embryo transfer, KS-D5 KIDScore™ Day 5, SVBT Single vitrified-warmed blastocyst transfer, FHB+ Fetal heart beat positive, OR Odds ratio, aOR

Adjusted odds ratio, C/ Confidence interval
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Table 4 FHB+ rates (%) in each KS-D5 group stratified by SART maternal age

1.0-3.6* 3.7-6.0% 6.1-8.0% 8.1-9.9% No. of cycles P value for

trend test
<35 26.5 382 410 500 295 < 005
35-37 20.2 31.8 394 522 405 < 0.05
38-40 13.1 21.2 333 385 613 < 0.05
41-42 86 14.6 231 364 490 < 005
243 3.1 6.6 129 27.7 682 < 0.05
Total 10.7 17.8 286 41.0 2482 < 0.05

FHB+ Fetal heart beat positive, AUC Area under the curve for prediction of FHB+, KS-D5 KIDScore Day5
* An asterisk indicates that the FHB+ rates significantly decreased when maternal age increased for each column according to the Cochran-Armitage trend
test (P< 0.05)

Age: <35 Age: 35-37

0.6
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o
S

o
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Fig. 2 The fetal heartbeat ratio in different KS-D5 score groups. The panels show the response for each maternal age group. The line is the fitted
multivariate logistic regression
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Fig. 3 The fetal heartbeat ratio in maternal age groups. The panels show the response for embryos in different KS-D5 score subgroups. The line is
the fitted multivariate logistic regression

Table 5 LB+ rates (%) in each KS-D5 group stratified by SART maternal age

1.0-3.6* 3.7-6.0*% 6.1-8.0% 8.1-9.9% No. of cycles P value for
trend test
< 35 214 30.2 40.5 464 287 < 0.05
35-37 16.7 313 358 43.1 401 <005
38-40 106 120 28.1 318 611 <005
41-42 59 87 14.9 27.8 489 < 0.05
243 09 4.0 59 190 681 <005
Total 7.8 130 228 336 2469 <005

LB+ Live birth positive, KS-D5 KIDScore Day5
* An asterisk indicates that the LB+ rates significantly decreased when maternal age increased for each column according to the Cochran-Armitage trend
test (P < 0.05)
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Table 6 AUCs that predicted FHB+ / LB+ after SVBT compared
among all maternal age groups

< 35 35-37 38-40 41-42 >43 Total
FHB 05892 0658% 0647 0673% 0737° 0680
LB 059 °  0640° 0646 ° 0679 ° 0768° 0681

Different subscripts are statistically significant different across the maternal
age groups (P < 0.05)

FHB Fetal heart beat, LB+ Live birth positive, AUC Area under the curve for
prediction of FHB+ / LB+, SVBT Single vitrified-warmed blastocyst transfer

For LB prediction, the overall AUC of all patients was
0.681. For subgroups, the AUCs were: <35 age group:
0.596, 35—-37 age group: 0.640, 38—40 age group: 0.646,
41-42 age group: 0.679 and > 43 age group: 0.768. Ana-
lyses across the groups showed that the AUC of the >43
age group was significantly higher than other groups
(P< 0.05). No significant differences were found be-
tween the other groups. The ROC curves for each ma-
ternal age group are shown in supplementary Fig. 3.

Discussion

Previous studies suggested that prediction models based
on morphokinetics depend on the clinical setting [16].
This means that if a laboratory changes any embryo cul-
ture condition such as culture medium, the prediction
model must at least be validated or even re-estimated.
However, estimating a new prediction model requires a
lot of data and also a deep insight into data science.
Therefore, routine use of a clinic-specific selection
model based on morphokinetics is difficult. An alterna-
tive to the use of clinic-specific models is the use of
general-purpose models that have been developed based
on a large volume of multi-center data. This ensures that
such models work across numerous clinical settings. An
example of a general-purpose embryo selection model is
the KIDScore™ model. The present study showed that
the KS-D5 model, version 3, was useful for predicting
FHB in our clinical setting. The overall AUC of the KS-
D5 model was 0.68. The AUC of a previous version of
KS-D5 (version 2.0) study presented by another group
under different laboratory settings was 0.60 [17], which
illustrates that the KS-D5 model does work in various la-
boratory settings.

For FHB prediction, in terms of age groups, the AUC
of the <35 age group was below 0.60. However, for age
groups > 35, the AUCs were over 0.60. Particularly, the
AUCs of the 243 age group and the 41-42 age group
were significantly higher than that of the < 35 age group.
These results suggest that the specificity and sensitivity
of the KIDScore prediction model are different for dif-
ferent maternal age groups. For LB prediction, the AUC
of each age group was almost the same as the FHB pre-
diction. After confirmed FHB, the potentially most rele-
vant reason for miscarriage is an uterine factor [29],
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which would explain the close association for the AUC
of FHB and LB.

To our knowledge, this is the first study performing an
evaluation of a generally applicable morphokinetic
model in different maternal age groups for FHB and for
LB. A previous study suggested that maternal age is as-
sociated with later fertilization and slower cleavage kin-
etics of embryos [30, 31]. Concomitant with this, in our
study tB increased when maternal age increased. Fur-
thermore, in the 243 age group, the performance of KS-
D5 is significant higher than in other age groups. This
may reflect that the overall slower developing embryos
in the older age group does in fact facilitate the differen-
tiation of poor quality and good quality embryos by the
KIDScore D5 model.

Furthermore, Maternal age correlates with embryo eu-
ploidy rates as advanced maternal age increases the risk
of chromosome abnormality in oocytes [32]. Previous
studies and our data suggest that the euploid embryos in
younger patients would be covers a wider range of KS-
D5 values, including low scores. In patients > 35 years of
age, on the other hand, euploidy rates may be related to
KS-D5. Unfortunately, PGT-A is not yet allowed in IVF
treatment by the Japan Society of Obstetrics and
Gynecology, and further correlation analyses can only be
done in Japan in future studies.

We observed that when maternal age increased, KS-
D5 scores decreased. A previous study suggested that
advanced maternal age is associated with low blastocyst
morphological grades [21], which is also shown by our
study. Additionally, our study showed that tB was signifi-
cantly different between age groups with low KS-D5
scores in advanced age patients. This is in line with pre-
vious studies that showed that tB is a very important fac-
tor in evaluating blastocyst quality to predict pregnancy
outcomes after blastocyst transfer [33, 34]. Interestingly,
one previous study suggested that morphokinetic param-
eters did not change with advanced maternal age before
t8 [35].

We calculated estimated coefficients and odds ratios
for the logistic regression between FHB+ and KS-D5
scores. The estimated coefficients in the <35 age
group resulted in a low P value compared with other
age groups. However, this difference may be due to
the low number of patients in the <35 age group.
Therefore, the model needs to be re-assessed with
more data from younger patients. In fact, using age
square made the model more accurate than using
only single age.

In this study, we did not analyze the performance of
KS-D5 in regard to the day of freezing, mainly because
day 7-frozen blastocyst cases are rare. In future study,
we should investigate the influence of the day of blasto-
cyst vitrification.



Kato et al. Reproductive Biology and Endocrinology (2021) 19:98

It is a limitation of the study that the details of the al-
gorithm for the KS-D5 model have not been disclosed
by the manufacturer, which prevents further conclusions
as we do not know how the score is calculated. Also, it
should be mentioned that our clinic only used minimal
stimulation and natural cycles for IVF treatment and this
study used only frozen blastocyst. And this study was
retrospective in nature and thus may have limitations.
Therefore, in future studies, randomized controlled trials
are required.

Our study has shown that it is possible to make a
clinic-specific calibration between an embryo ranking
model and actual pregnancy rates if maternal age is con-
sidered. However, it should be noted that an external
validation should be performed before our multivariate
model is applied in new clinical settings. Another im-
portant point is that the embryo ranking within a single
treatment cycle as the maternal age is the same for all
embryos will not change. Thus, within a treatment cycle,
the highest ranked KS-D5 embryo will also be the em-
bryo with the highest predicted pregnancy rate.

Conclusion

In conclusion, in the present study, it was shown that
KS-D5 can be used to predict FHB+ and LB+ within dif-
ferent maternal age groups. Therefore, the combination
of KS-D5 and maternal age would enable a more accur-
ate prediction of FHB and LB compared to using KS-D5
only. Based on the multivariate model, it is possible to
estimate the likelihood of a FHB when KS-D5 scores
and age are known. This will be a useful tool for patient
communication prior to embryo transfer.
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