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Abstract

Purpose The introduction of the time-lapse monitoring system (TMS) and the development of predictive algorithms
could contribute to the optimal embryos selection for transfer. Therefore, the present study aims at investigating the
efficiency of KIDScore and iDAScore systems for blastocyst stage embryos in predicting live birth events.

Methods The present retrospective study was conducted in a private IVF Unit setting throughout a 10-month period
from October 2021 to July 2022, and included the analysis of 429 embryos deriving from 91 IVF/ICSI cycles conducted
due to infertility of various etiologies. Embryos incubated at the Embryoscope™ timelapse incubator were analyzed
through the established scoring systems: KIDScore and iDAScore®. The main outcome measure was the comparison
of the two scoring systems in terms of live birth prediction. Embryos with the higher scores at day 5 (KID5 score/iDA5
score) were transferred or cryopreserved for later use.

Results Embryos with high KID5 and iDA5 scores positively correlated with the probability of successful live

birth, with KID5 score yielding a higher efficiency in predicting a successful reproductive outcome compared to a
proportionally high iDA5 score. KID5 demonstrated conservative performance in successfully predicting live birth
compared to iDA5 score, indicating that an efficient prediction can be either provided by a relatively lower KID5 score
or a relatively higher iDA5 score.

Conclusion The developed artificial intelligence tools should be implemented in clinical practice in conjunction with
the conventional morphological assessment for the conduction of optimized embryo transfer in terms of a successful
live birth.
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Introduction

In vitro fertilization (IVF) outcome is mainly associ-
ated with oocyte and embryo quality, since these fac-
tors can successfully predict reproductive outcomes [1].
Optimized selection of the most competent embryos for
transfer to the endometrium has been one of the major
challenges in assisted reproduction. Despite the notable
advances in tailoring ovarian stimulation or the signifi-
cant improvements in culture conditions and the appli-
cation of implantation genetic analysis, only one-third of
all IVF cycles result in pregnancy [2]. The introduction of
time-lapse monitoring systems (TLSs) has enabled a con-
sistent monitoring of embryo kinetics by recording the
exact time-points of embryo divisions and the morpho-
logical changes [3]. The analysis of the respective data, in
turn, enabled the construction of predictive algorithms
for embryo selection in more terms than microscopical
observation [4]. The goal of these models were to predict
embryo quality [5, 6], embryonic genetic integrity [7],
impantation [8] and embryo progression to live birth [9].
To date, several studies have demonstrated an improve-
ment in clinical outcomes when time-lapse is applied for
embryo morphokinetic selection, as compared to con-
ventional incubation and embryological observation [10,
11]. In contrast, other studies propose an interlaboratory
validation of models before use [12]. Currently, these
methods are applied in conjunction with conventional
approaches, mainly as a surrogate tool for categorizing or
selecting embryos for transfer or cryopreservation.

On this basis, computerized algorithms have been
incorporated to predictive software which accompa-
nies newest versions of TLS incubators, thus assisting
laboratory routine in embryo evaluation by providing
an automated scoring of the embryos. Additionally, the
continuous recording of data of embryonic development
inside the incubator ensures a stable culture environment
by limiting environmental changes and disruptions [5,
13].

The first TLS (Primo Vision', Vitrolife, Goteborg, Swe-
den) was introduced at the ESHRE meeting in 2008.
Since then many different TLSs incubators have been
developed and are available for use in IVF units, includ-
ing the FDA-approved Embryoscope™ (Vitrolife, Gote-
borg, Sweden). EmbryoScope* integrates embryological
data from multiple centers worldwide, on multiple time
points to improve statistical significance and provides
automatic detection image patterns to identify the top
quality embryos within a patient’s cohort [10].

EmbryoViewer software (Vitrolife, Goteborg, Sweden)
that accompanies Embryoscope® offers two different
scoring systems. KIDScore (Known Implantation Data),
which is a manual morphokinetic annotation scoring
system for either day 3 and/or day 5 embryos, and iDA
Score, a fully automated blastocyst selection software
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through which the operators address intrinsic inter and
intra variability. KIDScore decision support tool has been
developed by analyzing the world’s largest database of
embryo development with known clinical outcome and
it combines manual annotation and Al The models are
developed by analyzing how embryo morphokinetics,
cleavage patterns and morphology correlate with implan-
tation outcome after embryo transfer. For each embryo
the model calculates a continuous score from 1 to 9.9.
The higher the score, the greater the statistical chance
of implantation. Two different scoring systems are avail-
able (KIDScore D3/ KIDScore D5) depending on the
stage of the embryo (Day3/ Day5). In our study we have
focused on KIDScore D5 scoring system which reflects
the statistical chance of implantation based on devel-
opment information from the 5/6-day culture period.
iDAScore algorithm was developed by Vitrolife’s Al team
and trained on full time-lapse sequences of more than
180,000 embryos with known clinical fate and it is based
on a 3D convolutional neural network [14].

The aim of the present study was to investigate the
efficiency of KIDScore and iDAScore for blastocyst
stage embryos in predicting live birth events, in order to
directly evaluate the possible imbalances between opera-
tor’s subjectivity and artificial intelligence.

Materials and methods

Clinical setting, study design and criteria for participation
in the study

The present retrospective study presents embryological
and clinical data from an experienced private Assisted
Reproduction Unit, “IVF Athens Reproduction Center”
in Athens, Greece, collected throughout October 2021 to
July 2022. The study was approved by the Research and
Ethics Committee of the IVF Unit (EVD1003/2022) and
was conducted in accordance with the ethical standards
of the National Authority for Medically Assisted Repro-
duction and the 1964 Helsinki Declaration and its later
amendments [15].

Data were collected from 91 subsequent IVF/ICSI
cycles in a matching number of infertile patients that
were conducted following to infertility diagnosis of vari-
ous etiologies: female/male factor or combined, unex-
plained infertility and repeated implantation failure
following IVE/ICSI. Patients received extensive consul-
tation throughout the stages of treatment and consented
to the treatment regime. Female partners had an average
age of 34.42+3.34 years (min=23 years; max=40 years),
while 429 blastocyst stage embryos were analyzed.

Exclusion criteria included IVF/ICSI cycles conducted
with embryo cultures in conventional incubators, cycles
with embryo transfer and/or cryopreservation at ear-
lier stages (day 2 or day 3), early embryo arrested devel-
opment and those with incomplete data that failed to
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follow-up. Cycles with donor gametes (donor sperm and/
or donor oocyte), surrogacy or embryo biopsy for pre-
implantation genetic analysis for aneuploidies (PGT-A),
monogenic disorders (PGT-M) or structural rearrange-
ments (PGT-SR), were also excluded. Moreover, female
participants with any endometrial or endocrinological
pathology and/or any medical history of endometriosis,
hydrosalpinx, or autoimmune disorders were excluded.
Male partners with genitourinary infection or other
reproductive pathologies, with medical history of malig-
nancies or previous chemotherapy and/or radiotherapy
were also excluded. Cycles that received adjuvant treat-
ments, or cycles with obstructive or non-obstructive
azoospermia or with absolute terazoospermia (0% typi-
cal forms in the ejaculate) according to the applied WHO
strict criteria [16, 17] were not included in the present
study.

Ovarian stimulation, oocyte retrieval and ICSI

For all the included cycles in the study, patients under-
went an antagonist protocol for controlled ovarian stimu-
lation initiated at day 2 to 4 of the menstrual cycle with
recombinant FSH (Gonal F, MerkKGaA, Darmstadt, Ger-
many; or Puregon (MSD, Kenilworth, NJ, USA), alone
or in combination with urinary gonadotropins (hMG)
(Menopur, Ferring, Saint-Prex Switzerland) and the use
of antagonist Cetrotide 0.25 mg (Merck, MerkKGaA,
Darmstadt, Germany) or Orgalutran 0.25 mg (Orga-
non, Oss, Netherlands) when the leading follicle reached
14 mm and up to the day of final triggering. Ovarian
response was monitored by transvaginal ultrasound
with assessments of follicular growth, serum estradiol
and progesterone levels every 1-3 days during stimula-
tion. FSH and hMG dosages were adjusted accordingly to
reach an optimal oocyte retrieval rate for each case.

When leading follicles reached at least 17 mm, ovula-
tion induction was performed by administering 250 pg
of choriogonadotropin alpha (Ovitrelle, Merck Serono
Europe Limited, London, UK), while oocyte retrieval
was performed 34-36 h after triggering under general
anesthesia. Retrieved oocytes were reserved in a conven-
tional incubator (Labotect, C200) in pre-equilibrated cul-
ture medium dishes (Universal IVF Medium, Origio a/s,
Malov, Denmark) covered with mineral oil (OVOIL, Vit-
rolife, Sweden) at stable conditions of 5.0% 02, 6.6% CO,
and 37°C [18] until cumulus denudation and insemina-
tion by ICSI. Sperm preparation and assessment was per-
formed according to our previous publication [19] and
conformed to the WHO procedures for gamete handling
[17].

Ooocyte fertilization through ICSI was performed
approximately 40 h after beta-hCG administration. Fol-
lowing sperm injection, oocytes were transferred into the
microwells of the pre-equilibrated specialized embryo
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culture dish (EmbryoSlide™ ™, Vitrolife A/S, Viby, Den-
mark) that contained single-step culture media (Sage
1-Step, Origio a/s, Malov, Denmark) covered by mineral
oil (OVOIL, Vitrolife, Sweden), throughout day 5 to early
day 6 of embryo development.

Embryo culture and time-lapse embryo assessment

All embryos were cultured in the FDA-approved
Embryoscope* incubator (Vitrolife, A/S, Viby, Denmark)
installed with the EmbryoViewer software 7.8.2 (Vitro-
life, A/S, Denmark). Collection and analysis of patient
data was conducted anonymously by using specifically
allocated reference codes and without any dominant of
personal identification. Embryos with normal fertiliza-
tion (appearance of two pronuclei) that progressed to
blastocyst formation up to early day 6 were included in
the analysis. Image sequences were acquired throughout
the period of embryo culture via EmbryoViewer v.7.8.2
(Vitrolife, A/S, Denmark) according to the manufactur-
er’s settings at 10 min intervals in 11 focal planes. The
accompanying software provided the implementation
of time-lapse-based embryo analysis by the scoring sys-
tems of KIDScore and iDAScore® (Vitrolife, A/S, Viby,
Denmark).

For KIDScore D5, all embryos were annotated by two
trained and experienced embryologists in order to elimi-
nate the intrinsic inter- and intra- reader variability,
according to current guidelines [20-22]. For all embryos,
the following information was recorded for the applica-
tion of KIDScore D5: number of pronuclei (PN), tim-
ing of syngamy (tPNf), t2 (time from insemination to
complete division to two cells), t3 (time from insemina-
tion to complete division to three cells), t5 (time from
insemination to complete division to five cells), t8 (time
from insemination to complete division to eight cells),
tB (time from insemination to formation of blastocyst),
ICM (Inner cell mass evaluation) and TE (Trophecto-
derm evaluation). Irregular morphokinetic events (such
as reverse cleavage, multinucleation, abnormal pronuclei)
were monitored, giving the advantage to deselect these
embryos [23, 24].

iDAScore v1.2.0 software (Intelligent Data Analysis
Score, Vitrolife, A/S, Denmark) provides a fully auto-
mated analysis of time-lapse sequences from the time
of insemination (t0) until blastocyst stage development
(108-148 h post-insemination). A higher score indicates
a greater chance of achieving successful events of clini-
cal pregnancy with positive fetal heartbeat. A score from
1 (lowest) to 9.9 (highest) is automatically generated for
each embryo which is statistically correlated with its
implantation potential. iDAScore provides a final grading
for each embryo without being influenced by the evalua-
tion of the operator [25], thus, eliminating the subjectiv-
ity of the conventional observatory approach. No patient



Papamentzelopoulou et al. Reproductive Biology and Endocrinology

data (e.g., age) or morphokinetic parameters are used as
input to this model.

In freeze-all cycles or in cycles with surplus cryopre-
served embryos, good quality blastocysts (GQBs) as
defined by embryologists and according to Gardner’s
criteria, were vitrified on day 5 if these were presented
with a good quality inner cell mass (ICM) and trophec-
toderm (TE). Embryos not reaching adequate expansion
or not meeting the above-mentioned criteria remained
in culture an additional day and according to their devel-
opmental characteristics were vitrified on day 6. Blas-
tocysts were cryopreserved by vitrification according
to the protocols implementated in the IVF Unit routine
practice, and according to manufacturer’s procedures for
Vit Kit Freeze/Warm NX (FUJIFILM Irvine Scientific,
INC, Santa Ana, CA, USA). Embryos with the highest
scores were selected to be transferred first in fresh cycles
or prioritized for future transfer after vitrification and
warming. A maximum of three embryos per transfer was
optioned if possible as allowed by the National Legisla-
tion Authority [26].

Embryo transfer and clinical outcomes

All included cycles in the analysis had either fresh or fro-
zen embryo replacement (FER) using vitrified/warmed
embryos. For the fresh embryo transfers (ET), luteal sup-
port was provided by intramuscular progesterone injec-
tion (Prolutex, IBSA Farmaceutici Italia, Lodi, Italy),
whereas, for frozen embryo replacement (FER) patients
were prepared through a combination of oral capsules
(Utrogestan, Faran Laboratories AVEE, Attica, Greece)
and intramuscular injection (Prolutex, IBSA Farmaceu-
tici Italia, Lodi, Italy). ET was performed under trans-
abdominal ultrasound guidance for adequate embryo
deposition with Wallace catheters (CooperSurgical,
Malov, Denmark) either on day 5 of embryonic develop-
ment in fresh ET cycles or after 6 days of progesterone
administration in FER by ensuring a receptive endo-
metrium. Serum human chorionic gonadotropin levels
were measured 14 days after ET to confirm biochemical
pregnancy. A clinical pregnancy was assured by ultraso-
nographic visualization with the presence of intrauter-
ine gestational sac/s with confirmed fetal heart activity 6
weeks following ET. The main outcome measure was the
live birth prediction, as it is considered the strongest end-
point in assisted reproduction.

Data collection and analysis

Collection and analysis of patient data was conducted
anonymously by using specifically allocated reference
codes and without any dominant of personal identifica-
tion. For all embryos at blastocyst stage, KIDScore D5
annotation and iDAScore evaluation have been recorded
for statistical analysis and review in terms of reproductive
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outcome prediction. For the statistical analysis, descrip-
tive statistics of the data provided an essential summary
of the basic features of included population and its char-
acteristics. Pearson correlation was subsequently carried
out for the evaluation of the linear relationship between
KID5 and iDA5 score. Simple logistic regression for
KID5 score and iDA5 score in terms of live birth was
performed. Paired t-test was applied in order to inves-
tigate the extent of KID5 and iDA5 scores difference in
contrast to the probability of live birth. Multiple logistic
regression was applied to explore KID5 and iDA5 scores
and live birth probability, adjusted for age and number of
blastocysts, followed. ROC (receiver operating character-
istic) analysis was performed in order to evaluate KID5
and iDAS5 score performance, with ROC curves at all pos-
sible classification thresholds designed for each score.
The statistical analysis and graphical representations
were carried out using SPSS version 20.0 (IBM SPSS Sta-
tistics). Outcomes were considered statistically signifi-
cant when p-value was <0.05.

Results

Study group descriptive statistics

The present study aimed at assessing the score pre-
dictions from the manual morphokinetic annotation
system (KID Score) and the proposed Al model (iDA
Score, 7:8.2) in grading blastocysts according to their
developmental potency. Ninenty-one IVE/ICSI cycles
were included with an average age of female partner of
34.42+3.34 years (min=23 years; max=40 years). In total
the transitional events of 429 blastocysts were recorded
and analyzed in terms of the respective clinical outcome.

Of the participants, 31.9% (29/91) had fresh ET, 64.8%
(59/91) frozen ET, and 3.3% (3/91) both fresh and fro-
zen ET. Single embryo transfer (SET) was conducted in
20.88% (19/91), while in 76.92% (70/91) of the cases two
embryos were transferred and 2.20% (2/91) had three
embryos available for ET, since both had more than three
unsuccessful previous IVF cycles. Regarding clinical out-
comes, 73.63% (67/91) of the total cohort achieved a clin-
ical pregnancy while 26.37% (24/91) of the participants
had negative serum beta-hCG following ET (Fig. 1a).
Singleton pregnancies comprised the 54.95% (50/91) of
total pregnancy outcomes and in the remaining 18.68%
(17/91) two fetal sacs and two distinct FHBs were present
upon ultrasound examination (Fig. 1a).

In the subgroup analysis of cases women with sET,
42.10% (8/19) became pregnant, while in the group
of two or three transferred embryos 58.33% (42/72)
achieved a singleton pregnancy and 23.61% (17/72) had
a twin pregnancy. Ultimately, 50.55% (46/91) gave birth
to one child, 17.58% (16/91) gave birth to two children,
while 5.49% (5/91; 4 singletons and 1 twin pregnancy)
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Fig. 1 IVF outcome-related descriptive statistics for the 91 participants. (1a) pregnancy status; (1b) number of born children and delivery status

Table 1 Simple logistic regression for KID5 and iDA5 scores and
successful live birth probability

coef p-value OR 95% Cl for OR
KID5 score 0.501 0.001 1.651 [1.213-2.247]
constant -3.043 0.008 0.048
iDAS5 score 0482 0.012 1.619 [1.111-2.359]
constant -3.346 0.033 0.035

had spontaneous abortions or miscarriages due to abnor-
mal chromosomal status of the fetus (Fig. 1b).

Regarding the scoring systems, the average KID
Score at day 5 (KID5 score) was 7.31+1.78 (min=1.70;
max=9.60), while the average iDA5 Score at day 5 (iDA5
score) was 8.17+1.36 (min=3.50; max=9.60).

KID5 and iDAS5 scores correlations

A statistically significantly robust, positive linear correla-
tion between KID5 and iDA5 average scores was identi-
fied (p-values<0.001), indicating that when KID5 score
increases iDA5 score proportionally increases and that
their predictions agree and correlate with each other.
Such finding is also supported by partial correlations
exhibiting similarly strong, positive associations between
KID5 and iDAS5 scores with live birth rate and successful
pregnancy rate being control variables (p-values<0.001).

KID5 and iDAS5 scores associations with successful birth
probability
Simple logistic regression revealed statistically significant
positive correlations between KID5 score and the prob-
ability of live birth (OR=1.651, 95% CI [1.213-2.247];
p-value=0.001, Table 1). A similar statistically signifi-
cant correlation was observed between iDA5 score and
the probability of live birth (OR=1.619, 95% CI [1.111-
2.359]; p-value=0.012, Table 1). Accordingly, high KID5
or iDAS5 scores are associated with increased probability
of live birth.

Moreover, an increase in either KID5 or iDA5 score
results in optimized probability of successful birth; how-
ever, KID5 score yields higher probability and predictive

1.0 —KID5
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E
306
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o
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Fig. 2 Logistic probability for successful live birth in relation to KID5 and
iDAS5 scores

Table 2 Paired t-test for average logistic probability of successful
live birth in relation to KID5 and iDA5 scores

Average Logistic Probability sD p-value
KIDS score 045 0.27 <0.001
iDAS score 0.38 0.25

capacity of live birth compared to iDA5 at a given score,
as demonstrated in Fig. 2. Following that observation,
paired t-test was performed in order to investigate to
what extent KID5 and iDA5 scores differ regarding the
probability of live birth. As demonstrated, KID5 score
yields a statistically significantly higher average probabil-
ity for the prediction of live birth compared to iDA5 score
(p-value<0.001, Table 2). Therefore, it is more probable
to successfully predict a live birth via KID5 score.
Moreover, KID5 and iDAS5 score effects were compared
in terms of probability for successful birth outcome,
adjusted for maternal age and number of blastocysts. As
presented in Table 3, KID5 score exhibits a significant
effect on the probability for birth outcome, regardless of
maternal age and number of blastocysts (p-value=0.010).
Such finding suggests that embryo selection through
high KID5 scores increases the probability of a success-
ful clinical outcome. On the contrary, iDA5 score has
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Table 3 Binary logistic regression for KID5 and iDA5 scores and
successful live birth probability, adjusted for maternal age and
number of blastocysts

Variables coef p-value OR 95% Cl for OR
KID5 score 0423 0.010 1.051 [1.107-2.103]
Num of BCs 0.165 0.092 1.180 [0.974-1.430]
Maternal age 0.049 0.533 1.526 [0.900-1.226]
Constant -4.902 0.111 0.007

iDAS5 score 0.368 0.062 1.446 [0.981-2.130]
Num of BCs 0.192 0.050 1211 [1.000-1.468]
Maternal age 0.056 0476 1.057 [0.907-1.231]
Constant -5.179 0.118 0.006

BCs: Blastocysts; Num.: Number

no statistically significant effect on the probability for
birth outcome and appears to depend on other variables,
such as maternal age and number of blastocysts (Table 3,
p-value=0.062).

KID5 score exhibits a positive correlation with the
probability for live birth adjusted for maternal age and
number of blastocysts is also illustrated in Fig. 3. The
parallel trendlines for KID5 and iDA5 scores reveal that
the difference of the two scores is independent of the
maternal age and the number of blastocysts, indicating
that KID5 and iDA5 scores are co-modified. Moreover,
KID5 score seems to be underestimated compared to
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iDA5 score in a given birth probability, since KID5 yields
more conservative scores. Accordingly, iDA5 score is
presented as overestimated in a given birth probability
adjusted for maternal age and number of blastocysts, e.g.,
a birth probability of 0.4 corresponds to an iDA5 score of
6, while KID5 score is calculated at 5.

ROC analysis

ROC analysis revealed AUC values of 0.695
(p-value=0.005) and 0.657 (p-value=0.023) for KID5
and IDA5 score, respectively. For KID5 score, a cut-off
point of 7.4 with 71% sensitivity and 57% specificity is
determined. Accordingly, for IDA5 score, a cut-off point
of 8.3 with 71% sensitivity and 61% specificity is calcu-
lated (Table 4). The respective ROC curves are presented
in Fig. 4. Moreover, considering the calculated cut-off
points, KID5 score shows a more conservative perfor-
mance compared to iDA5 score given their similar pre-
dictive capability. Such observation suggests that a live
birth can be efficiently predicted by either a relatively
lower KID5 score or a relatively higher iDA5 score.

Discussion

The improvement of the overall IVF success rates and
especially the outmost clinical outcome which is live
birth remains the most demanding challenge in assisted

. . ‘:'
<t 1. R
.o . ., ,.-"q'.'. i “. " @
' . ,..0". ‘. ) *
. o ’ .°
. L * ¢ .
. B .
. . . .
.
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. “
R%=0.6369 (iDAS)
5 6 7 8 9 10
Trend KIDS Trend iDAS

Fig. 3 Logistic probability for successful birth outcome in relation to KID5 and iDA5 scores, adjusted for maternal age and number of blastocysts.

(Bcs=Blastocysts)
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Table 4 ROC analysis presenting AUC values and the respective true positive (sensitivity) and true negative (specificity) rates for KID5
and iDA5 scores. The optimal cut-off point is achieved where the sensitivity and specificity values are close enough to the AUC value

AUC p-value 95% Cl cut off True Positive True Negative
KIDS score 0695 0.005 [0.568-0.822] 74 071 057
IDAS score 0657 0023 [0.524-0.789] 83 071 061

ROC Curve
10
0,84
0,64
£
=
‘»
5 Source of the
o Curve
0,44
— KID5 avg.score
— IDAS avg.score
— Reference Line
0,24
AUC (KIDS) = 0.695
AUC (iDAS) = 0.657
00 T T T T
00 0,2 04 06 08 10

1 - Specificity

Fig. 4 Receiver operating characteristic (ROC) curves for KID5 and iDA5 score, respectively. The AUC values are depicted. Diagonal segments are pro-

duced by ties

reproduction. Until recently, embryo selection was based
solely on morphological assessment and developmental
patterns (e.g., expansion degree). Embryo selection using
time-lapse monitoring systems along with the develop-
ment of predictive algorithms is a promising approach
in assisted reproduction technologies, thus, allowing
embryologists to utilize an objective tool that provides
them with additional biological information to select the
optimal embryos for transfer to improve implantation,
pregnancy and live birth rates [8, 14, 27, 28].

This study focused on the evaluation of the differences
between the manual morphokinetic annotation system
(KIDScore) and the automated AI model (iDAScore)
score predictions as grading methods of the blastocyst
stage embryos. The current results denote that KID5

and iDA5 scores correlate well, revealing that there is a
good efficiency of the Al in recognizing division and
morphological patterns as compared to the experienced
embryologist. Moreover, high KID5 and iDA5 scores are
associated with the probability of a live birth following
ET; however, a high KID5 score yields is associated with
a higher average probability for a live birth compared to
a respectively high iDA5 score. Interestingly, our results
demonstrated that although KID5 and iDA5 scores are
co-modified, KID5 yields more conservative scores when
adjusted for maternal age and number of blastocysts
compared to the iDA5 score, indicating that a given live
birth can be safely predicted provided by either a rela-
tively lower KID5 score or a relatively higher iDA5 score.
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KID5 score conservative performance has been also justi-
fied via ROC analysis.

Our results are in line with the findings of two recent
studies that demonstrated KID5 score predictive prop-
erties for blastocyst stage embryos and higher ongoing
pregnancy and live birth rates for KID5 score-selected
embryos [24, 29]. Moreover, KIDScore predictive model
was found to be significantly associated with the chance
of live birth in single embryo transfer and an acceptable
agreement between the model and conventional embryo-
logical evaluations [30]. Interestingly, KIDScore model
exhibited a satisfactory performance in the prediction
of pregnancy and live birth outcomes in advanced age
patients, although KID5 scores were lower compared to
those corresponding to younger patients [31]. KIDscore
high predictive value with regard to live birth rates fol-
lowing IVF treatment was also proved in a recent ret-
rospective study, thereby enhancing morphological
embryos assessment with morphokinetic information
[32]. In a retrospective single-center study, KIDScore
functioned as a live birth predictor for blastocyst-stage
embryos. Therein, KIDScore on day 5 was proposed for
embryo selection with the highest ability to result in a
live birth among the blastocysts characterized as clini-
cally usable by the laboratory standard operating proce-
dure [33]. Further evidence of the clinical efficiency of
automated embryo scoring in achieving higher live birth
rates has been recently disclosed. The KIDScore D5™
algorithm was shown to correlate with higher live birth
rates compared to conventional morphology assessment;
thus, it was proposed to function as a valuable, support-
ive prediction tool with the final decision being made by
the assisted reproduction expert [34].

On the other hand, certain studies support that arti-
ficial intelligence algorithms have superior predictive
potential over the manually annotated scoring models.
In detail, iDAScore model has recently been shown to
have an equal or better performance than the manually
annotated KIDScore model. Berntsen and his cowork-
ers justified such finding in that the iDAScore model
was trained not only on the embryos selected for trans-
fer, but also on the embryos that are unsuitable for either
transfer or cryopreservation [23]. Retrospective studies
elaborated on the distribution of artificial intelligence
model in the optimization of selecting the most viable
embryo for transfer in terms of fetal heartbeat pregnancy
which is a proxy for live birth [14]; especially in young
patients, iDAScore was proposed as an optimal predic-
tion model after single vitrified blastocyst transfer [35].
A recent multi-centre retrospective cohort study showed
that iDAScore significantly surpassed the performance
of KIDScore on day 5 embryos, with AUC determina-
tion proving that outperformance (AUC (KIDScore
D5)=0.645 and AUC (iDAScore v1)=0.672) [36].
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As thoroughly discussed, AI models and deep learning-
related methods used for optimum embryo selection are
often accompanied by potential biases. In detail, the Al
models training on unbalanced data, the lack of general-
izability across clinics due to single clinic-studies along
with the limited performance metrics reported, may
impair the clinical applicability of Al-based algorithms;
thereby, Al model assessments on different datasets (i.e.,
incubation time, developmental stage and quality) are
difficult to compare [37, 38].

The present study bears specific limitations includ-
ing those of its retrospective design. Importantly, the
high pregnancy rate could be considered biased due to
optimal embryos selection based on the highest KID5/
iDA5 scores for ET along with the strict exclusion crite-
ria implementation that formed a good prognosis cohort.
The small sample size of the present study is another
reasonable limitation, since more data are needed to
enhance the robustness of the presented results. Different
approaches in terms of the number of transferred blasto-
cysts per ET were co-analyzed herein and although this
heterogeneity in the number of embryos does not pro-
vide a direct insight of the embryo scoring efficiency, it
represents real world laboratory practice for all countries
that legally allow the transfer of more than one embryo
in a single FR/TH cycle thus reflects the efficiency of this
prediction system in actual practice. A planned future
study with the incorporation of a large set of cycles will
incorporate the subgroup analysis of the cycles accord-
ing to the number of embryos transferred per ET. Larger
randomized controlled trials will offer an appropriate and
valid evaluation of AI model performance.

Overall, either KIDScore or iDAScore are very useful
supportive tools in successful live birth prediction where
single embryo transfers occur. The current approach in
assisted reproductive technology is that artificial intelli-
gence predictive tools should be used in conjunction with
the conventional embryological assessment and incorpo-
rated into the assisted reproduction routine application
in order to support embryo selection and enhance the
potential of IVF success improvement. Undoubtedly, AI-
based embryo selection model eliminates biases sourcing
from inter-laboratory and intra-laboratory variability;
however, it should be further evaluated for its reliabil-
ity, reproducibility and clinical actionability [39]. Until
then, the contribution of well trained and experienced
embryologists remains absolutely necessary at all steps of
assisted reproduction.

Author contributions

Conceptualization, MS; methodology and formal analysis, INP, DM, TT, NS, AA,
AA, AA, KG; Investigation and writing—original draft preparation, MSP, DM,
MS, INP; editing of the draft, MSP, PV, DL. All authors reviewed and agreed to
the published version of the manuscript.



Papamentzelopoulou et al. Reproductive Biology and Endocrinology

Funding
The authors declare that no funds, grants, or other support were received
during the preparation of this manuscript.

Data availability
The dataset supporting the conclusions of this article is included within the
article and the additional files.

Declarations

Ethics approval

This study was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Research and Ethics Committee of the
IVF Unit (EVD1003/2022).

Consent to participate
Informed consent was obtained from all individual participants included in
the study.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Molecular Biology Unit, Division of Human Reproduction, st
Department of Obstetrics and Gynecology, National and Kapodistrian
University of Athens, 80, Vasilissis Sofias Ave., Athens 11528, Greece

2IVF Athens Reproduction Center V. Athanassiou, Maroussi, Greece
*HUG (Hopitaux universitaires de Genéve), Rue Gabrielle-Perret-Gentil 4,
Geneve 14, Genéve 1211, Switzerland

“RHNe (Réseau hospitalier neuchatelois), Chasseral 20,

La Chaux-de-Fonds 2303, Switzerland

°Department of Gynecology Oncology, Agios Savvas, General Anti-Cancer
Hospital, Athens, Greece

5Andromed Health & Reproduction, Fertility Diagnostics Laboratory,
Maroussi, Greece

’LE MONDE College, Athens, Greece

8Institute of Fertility, Athens, Greece

Received: 23 October 2023 / Accepted: 22 February 2024
Published online: 05 March 2024

References

1. Sfakianoudis K, Maziotis E, Grigoriadis S, Pantou A, Kokkini G, Trypidi A,
Giannelou P, Zikopoulos A, Angeli |, Vaxevanoglou T, Pantos K, Simopoulou
M. Reporting on the Value of Artificial Intelligence in Predicting the optimal
embryo for transfer: a systematic review including data synthesis. Biomedi-
cines. 2022;10. https://doi.org/10.3390/biomedicines10030697.

2. European IVFMCftESoHR, Embryology, Calhaz-Jorge C, de Geyter C, Kupka
MS, de Mouzon J, Erb K, Mocanu E, Motrenko T, Scaravelli G, Wyns C, Goos-
sens V. Assisted reproductive technology in Europe, 2012: results generated
from European registers by ESHRE. Hum Reprod. 2016;31:1638-52. https://
doi.org/10.1093/humrep/dew151.

3. Ciray HN, Campbell A, Agerholm IE, Aguilar J, Chamayou S, Esbert M, Sayed S,
Time-Lapse User G. Proposed guidelines on the nomenclature and annota-
tion of dynamic human embryo monitoring by a time-lapse user group. Hum
Reprod. 2014;29:2650-60. https://doi.org/10.1093/humrep/deu278.

4. Herrero J, Meseguer M. Selection of high potential embryos using time-lapse
imaging: the era of morphokinetics. Fertil Steril. 2013;99:1030-4. https://doi.
0rg/10.1016/j fertnstert.2013.01.089.

5. Conaghan J, Chen AA, Willman SP, lvani K, Chenette PE, Boostanfar R, Baker
VL, Adamson GD, Abusief ME, Gvakharia M, Loewke KE, Shen S. Improving
embryo selection using a computer-automated time-lapse image analysis
test plus day 3 morphology: results from a prospective multicenter trial. Fertil
Steril. 2013;100:412-9 e5 https://doi.org/10.1016/j fertnstert.2013.04.021.

6. MotatoY, de los Santos MJ, Escriba MJ, Ruiz BA, Remohi J, Meseguer M.
Morphokinetic analysis and embryonic prediction for blastocyst formation

(2024) 22:27 Page 9 of 10

through an integrated time-lapse system. Fertil Steril. 2016;105:376 -84 €9
https://doi.org/10.1016/jfertnstert.2015.11.001.

7. Campbell A, Fishel S, Bowman N, Duffy S, Sedler M, Hickman CF. Modelling
a risk classification of aneuploidy in human embryos using non-invasive
morphokinetics. Reprod Biomed Online. 2013;26:477-85. https://doi.
0rg/10.1016/j.rbmo.2013.02.006.

8. Petersen BM, Boel M, Montag M, Gardner DK. Development of a generally
applicable morphokinetic algorithm capable of predicting the implantation
potential of embryos transferred on day 3. Hum Reprod. 2016;31:2231-44.
https://doi.org/10.1093/humrep/dew188.

9. Fishel S, Campbell A, Foad F, Davies L, Best L, Davis N, Smith R, Duffy S, Wheat
S, Montgomery S, Wachter A, Beccles A. Evolution of embryo selection for IVF
from subjective morphology assessment to objective time-lapse algorithms
improves chance of live birth. Reprod Biomed Online. 2020;40:61-70. https://
doi.org/10.1016/j.rbmo.2019.10.005.

10.  Pribenszky C, Nilselid AM, Montag M. Time-lapse culture with morphokinetic
embryo selection improves pregnancy and live birth chances and reduces
early pregnancy loss: a meta-analysis. Reprod Biomed Online. 2017,35:511-
20. https://doi.org/10.1016/j.rbmo.2017.06.022.

11. MagdiY, Samy A, Abbas AM, Ibrahim MA, Edris Y, EI-Gohary A, Fathi AM,
Fawzy M. Effect of embryo selection based morphokinetics on IVF/ICSI
outcomes: evidence from a systematic review and meta-analysis of random-
ized controlled trials. Arch Gynecol Obstet. 2019;300:1479-90. https://doi.
0rg/10.1007/500404-019-05335-1.

12. Barrie A, Homburg R, McDowell G, Brown J, Kingsland C, Troup S. Examining
the efficacy of six published time-lapse imaging embryo selection algorithms
to predict implantation to demonstrate the need for the development
of specific, in-house morphokinetic selection algorithms. Fertil Steril.
2017;107:613-21. https://doi.org/10.1016/j fertnstert.2016.11.014.

13. Rubiol, Galan A, Larreategui Z, Ayerdi F, Bellver J, Herrero J, Meseguer M. Clini-
cal validation of embryo culture and selection by morphokinetic analysis: a
randomized, controlled trial of the EmbryoScope. Fertil Steril. 2014;102:1287-
94e5. https://doi.org/10.1016/j fertnstert.2014.07.738.

14. Tran D, Cooke S, lllingworth PJ, Gardner DK. Deep learning as a predictive
tool for fetal heart pregnancy following time-lapse incubation and blastocyst
transfer. Hum Reprod. 2019;34:1011-8. https://doi.org/10.1093/humrep/
dez064.

15. World Medical A. World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA.
2013;310:2191-4. https://doi.org/10.1001/jama.2013.281053.

16.  Menkveld R, Stander FS, Kotze TJ, Kruger TF, van Zyl JA. The evaluation of
morphological characteristics of human spermatozoa according to stricter
criteria. Hum Reprod. 1990;5:586-92. https://doi.org/10.1093/oxfordjournals.
humrep.a137150.

17. Organization WH. WHO laboratory manual for the examination and process-
ing of human semen. World Health Organization; 2021.

18.  Swain JE. Is there an optimal pH for culture media used in clinical IVF? Hum
Reprod Update. 2012;18:333-9. https://doi.org/10.1093/humupd/dmr053.

19. Vogiatzi P, Pouliakis A, Sakellariou M, Athanasiou A, Athanasiou A, Colaghis A,
Finelli R, Loutradis D, Henkel R, Agarwal A. Male age and progressive sperm
motility are critical factors affecting Embryological and Clinical outcomes
in Oocyte Donor ICSI cycles. Reprod Sci. 2022;29:883-95. https://doi.
0rg/10.1007/543032-021-00801-1.

20. ApterS, EbnerT, Freour T, Guns Y, Kovacic B, Le Clef N, Marques M, Meseguer
M, Montjean D, Sfontouris |, Sturmey R, Coticchio G. Good practice recom-
mendations for the use of time-lapse technology(dagger). Hum Reprod
Open. 2020;2020:h0aa008. https://doi.org/10.1093/hropen/hoaa008.

21, Alpha Scientists in Reproductive M, Embryology ESIGo. The Istanbul consen-
sus workshop on embryo assessment: proceedings of an expert meeting.
Hum Reprod 2011;26:1270-83 https://doi.org/10.1093/humrep/der037.

22. Martinez-Granados L, Serrano M, Gonzalez-Utor A, Ortiz N, Badajoz V, Olaya
E, Prados N, Boada M, Castilla JA. Special Interest Group in Quality of A. inter-
laboratory agreement on embryo classification and clinical decision: conven-
tional morphological assessment vs. time lapse. PLoS ONE. 2017;12:e0183328.
https://doi.org/10.1371/journal.pone.0183328.

23. Berntsen J, Rimestad J, Lassen JT, Tran D, Kragh MF. Robust and generaliz-
able embryo selection based on artificial intelligence and time-lapse image
sequences. PLoS ONE. 2022;17:0262661. https://doi.org/10.1371/journal.
pone.0262661.

24. Boucret L, Tramon L, Saulnier P, Ferre-I'Hotellier V, Bouet PE, May-Panloup
P.Change in the strategy of embryo selection with Time-Lapse System


https://doi.org/10.3390/biomedicines10030697
https://doi.org/10.1093/humrep/dew151
https://doi.org/10.1093/humrep/dew151
https://doi.org/10.1093/humrep/deu278
https://doi.org/10.1016/j.fertnstert.2013.01.089
https://doi.org/10.1016/j.fertnstert.2013.01.089
https://doi.org/10.1016/j.fertnstert.2013.04.021
https://doi.org/10.1016/j.fertnstert.2015.11.001
https://doi.org/10.1016/j.rbmo.2013.02.006
https://doi.org/10.1016/j.rbmo.2013.02.006
https://doi.org/10.1093/humrep/dew188
https://doi.org/10.1016/j.rbmo.2019.10.005
https://doi.org/10.1016/j.rbmo.2019.10.005
https://doi.org/10.1016/j.rbmo.2017.06.022
https://doi.org/10.1007/s00404-019-05335-1
https://doi.org/10.1007/s00404-019-05335-1
https://doi.org/10.1016/j.fertnstert.2016.11.014
https://doi.org/10.1016/j.fertnstert.2014.07.738
https://doi.org/10.1093/humrep/dez064
https://doi.org/10.1093/humrep/dez064
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1093/oxfordjournals.humrep.a137150
https://doi.org/10.1093/oxfordjournals.humrep.a137150
https://doi.org/10.1093/humupd/dmr053
https://doi.org/10.1007/s43032-021-00801-1
https://doi.org/10.1007/s43032-021-00801-1
https://doi.org/10.1093/hropen/hoaa008
https://doi.org/10.1093/humrep/der037
https://doi.org/10.1371/journal.pone.0183328
https://doi.org/10.1371/journal.pone.0262661
https://doi.org/10.1371/journal.pone.0262661

Papamentzelopoulou et al. Reproductive Biology and Endocrinology

25.

26.

27.

28.

29.

30.

31.

32.

implementation-impact on clinical pregnancy rates. J Clin Med. 2021;10.
https://doi.org/10.3390/jcm 10184111,

Cimadomo D, Chiappetta V, Innocenti F, Saturno G, Taggi M, Marconetto A,
CascianiV, Albricci L, Maggiulli R, Coticchio G, Ahlstrom A, Berntsen J, Larman
M, Borini A, Vaiarelli A, Ubaldi FM, Rienzi L. Towards automation in IVF: pre-
clinical validation of a deep learning-based embryo grading system during
PGT-A cycles. J Clin Med. 2023;12. https://doi.org/10.3390/jcm12051806.
Pitiriga VC, Papamentzelopoulou M, Konstantinakou KE, Theodoridou K,
Vasileiou IV, Tsakris A. SARS-CoV-2 T cell immunity responses following natural
infection and vaccination. Vaccines (Basel). 2023;11. https://doi.org/10.3390/
vaccines11071186.

Curchoe CL, Bormann CL. Artificial intelligence and machine learning for
human reproduction and embryology presented at ASRM and ESHRE
2018. J Assist Reprod Genet. 2019;36:591-600. https://doi.org/10.1007/
$10815-019-01408-x.

Blank C, Wildeboer RR, DeCroo |, Tilleman K, Weyers B, de Sutter P, Mischi

M, Schoot BC. Prediction of implantation after blastocyst transfer in in vitro
fertilization: a machine-learning perspective. Fertil Steril. 2019;111:318-26.
https://doi.org/10.1016/j fertnstert.2018.10.030.

Gazzo E, Pena F, Valdez F, Chung A, Bonomini C, Ascenzo M, Velit M, Escudero
E. The kidscore(TM) D5 algorithm as an additional tool to morphological
assessment and PGT-A in embryo selection: a time-lapse study. JBRA Assist
Reprod. 2020;24:55-60. https://doi.org/10.5935/1518-0557.20190054.
Reignier A, Girard JM, Lammers J, Chtourou S, Lefebvre T, Barriere P, Freour T.
Performance of Day 5 KIDScore morphokinetic prediction models of implan-
tation and live birth after single blastocyst transfer. J Assist Reprod Genet.
2019;36:2279-85. https://doi.org/10.1007/510815-019-01567-x.

Kato K, Ueno S, Berntsen J, Ito M, Shimazaki K, Uchiyama K, Okimura T.
Comparing prediction of ongoing pregnancy and live birth outcomes in
patients with advanced and younger maternal age patients using KIDScore
day 5: a large-cohort retrospective study with single vitrified-warmed blas-
tocyst transfer. Reprod Biol Endocrinol. 2021;19:98. https://doi.org/10.1186/
$12958-021-00767-4.

Sayed S, Reigstad MM, Petersen BM, Schwennicke A, Wegner Hausken J,
Storeng R. Time-lapse imaging derived morphokinetic variables reveal
association with implantation and live birth following in vitro fertilization: a

(2024) 22:27

33.

34.

35.

36.

38.

39.

Page 10 of 10

retrospective study using data from transferred human embryos. PLoS ONE.
2020;15:€0242377. https://doi.org/10.1371/journal.pone.0242377.

Adolfsson E, Porath S, Andershed AN. External validation of a time-lapse
model; a retrospective study comparing embryo evaluation using a mor-
phokinetic model to standard morphology with live birth as endpoint. JBRA
Assist Reprod. 2018;22:205-14. https://doi.org/10.5935/1518-0557.20180041.
Bori L, Meseguer F, Valera MA, Galan A, Remohi J, Meseguer M. The higher the
score, the better the clinical outcome: retrospective evaluation of automatic
embryo grading as a support tool for embryo selection in IVF laboratories.
Hum Reprod. 2022;37:1148-60. https://doi.org/10.1093/humrep/deac066.
Ueno S, Berntsen J, Ito M, Uchiyama K, Okimura T, Yabuuchi A, Kato K. Preg-
nancy prediction performance of an annotation-free embryo scoring system
on the basis of deep learning after single vitrified-warmed blastocyst transfer:
a single-center large cohort retrospective study. Fertil Steril. 2021;116:1172-
80. https://doi.org/10.1016/j.fertnstert.2021.06.001.

Theilgaard Lassen J, Fly Kragh M, Rimestad J, Nygard Johansen M, Berntsen J.
Development and validation of deep learning based embryo selection across
multiple days of transfer. Sci Rep. 2023;13:4235. https://doi.org/10.1038/
$41598-023-31136-3.

Curchoe CL, Flores-Saiffe Farias A, Mendizabal-Ruiz G, Chavez-Badiola

A. Evaluating predictive models in reproductive medicine. Fertil Steril.
2020;114:921-6. https://doi.org/10.1016/j fertnstert.2020.09.159.

Kragh MF, Karstoft H. Embryo selection with artificial intelligence: how to
evaluate and compare methods? J Assist Reprod Genet. 2021;38:1675-89.
https://doi.org/10.1007/510815-021-02254-6.

Kim J, Lee J, Jun JH. Non-invasive evaluation of embryo quality for the
selection of transferable embryos in human in vitro fertilization-embryo
transfer. Clin Exp Reprod Med. 2022;49:225-38. https://doi.org/10.5653/
cerm.2022.05575.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3390/jcm10184111
https://doi.org/10.3390/jcm12051806
https://doi.org/10.3390/vaccines11071186
https://doi.org/10.3390/vaccines11071186
https://doi.org/10.1007/s10815-019-01408-x
https://doi.org/10.1007/s10815-019-01408-x
https://doi.org/10.1016/j.fertnstert.2018.10.030
https://doi.org/10.5935/1518-0557.20190054
https://doi.org/10.1007/s10815-019-01567-x
https://doi.org/10.1186/s12958-021-00767-4
https://doi.org/10.1186/s12958-021-00767-4
https://doi.org/10.1371/journal.pone.0242377
https://doi.org/10.5935/1518-0557.20180041
https://doi.org/10.1093/humrep/deac066
https://doi.org/10.1016/j.fertnstert.2021.06.001
https://doi.org/10.1038/s41598-023-31136-3
https://doi.org/10.1038/s41598-023-31136-3
https://doi.org/10.1016/j.fertnstert.2020.09.159
https://doi.org/10.1007/s10815-021-02254-6
https://doi.org/10.5653/cerm.2022.05575
https://doi.org/10.5653/cerm.2022.05575

	﻿Assessment of artificial intelligence model and manual morphokinetic annotation system as embryo grading methods for successful live birth prediction: a retrospective monocentric study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Clinical setting, study design and criteria for participation in the study
	﻿Ovarian stimulation, oocyte retrieval and ICSI
	﻿Embryo culture and time-lapse embryo assessment
	﻿Embryo transfer and clinical outcomes
	﻿Data collection and analysis

	﻿Results
	﻿Study group descriptive statistics
	﻿KID5 and iDA5 scores correlations
	﻿KID5 and iDA5 scores associations with successful birth probability
	﻿ROC analysis

	﻿Discussion
	﻿References


