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STUDY QUESTION: Can use of a commercially available time-lapse algorithm for Day 5 blastocyst selection improve pregnancy rates
compared with morphology alone?

SUMMARY ANSWER: The use of a time-lapse selection model to choose blastocysts for fresh single embryo transfer on Day 5 did not
improve ongoing pregnancy rate compared to morphology alone.

WHAT IS KNOWN ALREADY: Evidence from time-lapse monitoring suggests correlations between timing of key developmental
events and embryo viability. No good quality evidence exists to support improved pregnancy rates following time-lapse selection.

STUDY DESIGN, SIZE, DURATION: A prospective multicenter randomized controlled trial including 776 randomized patients was
performed between 2018 and 2021. Patients with at least two good quality blastocysts on Day 5 were allocated by a computer randomiza-
tion program in a proportion of 1:1 into either the control group, whereby single blastocysts were selected for transfer by morphology
alone, or the intervention group whereby final selection was decided by a commercially available time-lapse model. The embryologists at
the time of blastocyst morphological scoring were blinded to which study group the patients would be randomized, and the physician and
patients were blind to which group they were allocated until after the primary outcome was known. The primary outcome was number of
ongoing pregnancies in the two groups.

PARTICIPANTS/MATERIALS, SETTING, METHODS: From 10 Nordic IVF clinics, 776 patients with a minimum of two good
quality blastocysts on Day 5 (D5) were randomized into one of the two study groups. A commercial time-lapse model decided the final
selection of blastocysts for 387 patients in the intervention (time-lapse) group, and blastocysts with the highest morphological score were
transferred for 389 patients in the control group. Only single embryo transfers in fresh cycles were performed.

MAIN RESULTS AND THE ROLE OF CHANCE: In the full analysis set, the ongoing pregnancy rate for the time-lapse group was
47.4% (175/369) and 48.1% (181/376) in the control group. No statistically significant difference was found between the two groups:
mean difference �0.7% (95% CI �8.2, 6.7, P¼ 0.90). Pregnancy rate (60.2% versus 59.0%, mean difference 1.1%, 95% CI �6.2, 8.4,
P¼ 0.81) and early pregnancy loss (21.2% versus 18.5%, mean difference 2.7%, 95% CI �5.2, 10.6, P¼ 0.55) were the same for the
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time-lapse and the control group. Subgroup analyses showed that patient and treatment characteristics did not significantly affect the com-
mercial time-lapse model D5 performance. In the time-lapse group, the choice of best blastocyst changed on 42% of occasions (154/369,
95% CI 36.9, 47.2) after the algorithm was applied, and this rate was similar for most treatment clinics.

LIMITATIONS, REASONS FOR CAUTION: During 2020, the patient recruitment rate slowed down at participating clinics owing to
coronavirus disease-19 restrictions, so the target sample size was not achieved as planned and it was decided to stop the trial prematurely.
The study only investigated embryo selection at the blastocyst stage on D5 in fresh IVF transfer cycles. In addition, only blastocysts of
good morphological quality were considered for transfer, limiting the number of embryos for selection in both groups: also, it could be ar-
gued that this manual preselection of blastocysts limits the theoretical selection power of time-lapse, as well as restricting the results mainly
to a good prognosis patient group. Most patients were aimed for blastocyst stage transfer when a minimum of five zygotes were available
for extended culture. Finally, the primary clinical outcome evaluated was pregnancy to only 6–8 weeks.

WIDER IMPLICATIONS OF THE FINDINGS: The study suggests that time-lapse selection with a commercially available time-lapse
model does not increase chance of ongoing pregnancy after single blastocyst transfer on Day 5 compared to morphology alone.

STUDY FUNDING/COMPETING INTEREST(S): The study was financed by a grant from the Swedish state under the ALF-
agreement between the Swedish government and the county councils (ALFGBG-723141). Vitrolife supported the study with embryo
culture dishes and culture media. During the study period, T.H. changed his employment from Livio AB to Vitrolife AB. All other authors
have no conflicts of interests to disclose.
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TRIAL REGISTRATION DATE: 26 February 2018.
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Keywords: time-lapse / blastocyst / single embryo transfer / IVF / embryo selection

Introduction
Internationally, several embryos are often transferred after IVF in order
to achieve satisfactory birth rates. The main side-effect of this strategy
is an unacceptably high rate of multiple pregnancies with the risk of se-
rious consequences for the children (Beral et al., 1990; Craft, 1990;
Gissler et al., 1995; Westergaard et al., 1999). The reason for transfer-
ring more than one embryo is the lack of an ideal method for selecting
the best embryo. With many clinics striving to implement transfer of
single embryos, additional transfers with cryopreserved embryos de-
rived from the same fresh IVF cycle are often required to achieve a
live birth (Fernandez-Shaw et al., 2015; De Vos et al., 2016; De Croo
et al., 2019). The success of these frozen–thawed embryo transfer
cycles suggests that embryos with live birth potential are present
within the same cohort but were not chosen first. As such, selection
methods, which can ensure that the best embryos are chosen first,
would promote single embryo transfer (SET), possibly shorten time to
pregnancy and minimize problems associated with multiple births.

Currently, non-invasive embryo selection methods are based on de-
velopmental rate and morphological grading evaluated at distinct time
points by light microscopy (Alpha Scientists in Reproductive Medicine
and ESHRE Special Interest Group of Embryology, 2011). This meth-
odology is limited by the ability of a small number of observations to
provide a complete picture of the dynamic process of embryo devel-
opment and by observer subjectivity, with considerable inter- and
intra-observer variation when grading embryos (Arce et al., 2006;
Paternot et al., 2011). In comparison, time-lapse (TL) monitoring sys-
tems, which capture continuous images over time, make it possible to
observe morphological events and define more precisely the timings of
development while maintaining embryos within a stable environment.
A large number of studies report correlations between timings of key
events and implantation potential or surrogate outcomes, such as

good blastocyst development and aneuploidy (reviewed in Kirkegaard
et al. (2015)). Predictive models using these TL parameters to improve
discrimination between viable and non-viable embryos have shown
promising results in retrospective studies (Meseguer et al., 2011, 2012;
Rubio et al., 2012; Conaghan et al., 2013). However, almost all pro-
spective studies either have been underpowered, non-randomized or
have a high risk of bias (Goodman et al., 2016; Kaser et al., 2017;
Yang et al., 2018; Armstrong et al., 2019; Kovacs et al., 2019). To
date, only one adequately powered randomized controlled trial (RCT)
has been published (Rubio et al., 2014). The authors concluded that
the use of TL increased the chance of a pregnancy significantly.
However, the design of the study did not allow for a distinction be-
tween the possible benefit of the improved culture conditions and the
hierarchical selection model used.

The aim of this RCT was to determine if, when performing embryo
selection and transfer on Day 5, a TL algorithm per se can enhance
the prediction of the embryo’s reproductive potential compared to
embryo morphology alone.

Materials and methods

Study design
A double-blinded RCT was conducted at 10 Nordic IVF clinics be-
tween June 2018 and March 2021. All participants provided written in-
formed consent. The study was approved by the Swedish Ethical
Review Authority (Dnr 954-17), the National Bioethics committee in
Iceland (VSN-18-132) and the Norwegian National Research Ethics
Committee (No. 2018/126/REK sør-øst). The study was also regis-
tered in the ClinicalTrials.gov database (registration number
NCT03445923).

Time-lapse selection of Day 5 embryos 709
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.Eligibility criteria
Couples undergoing standard IVF or ICSI were eligible for enrollment.
Patients were excluded if they were undergoing double embryo trans-
fer, preimplantation genetic testing treatment, embryo transfer on any
other day than Day 5 or freeze all was planned. Patients were also ex-
cluded if their treatment cycle used vitrified-warmed oocytes. Only
one cycle per patient was randomized in the study.

Randomization and blinding
Patients meeting the inclusion criteria and with at least two good qual-
ity blastocysts (GQB) on Day 5 were randomized. Blastocyst quality
was graded according to Gardner and Schoolcraft (1999), and a GQB
was defined as an embryo with a grade �3 BB. Randomization into ei-
ther the control or TL group in a 1:1 ratio was performed on the day
of embryo transfer by a computerized randomization program. This
program balanced allocation by way of minimization (1:1) taking into
account female age, number of GQE available on Day 5, number of
previous fresh IVF transfer cycles, indication for treatment, BMI, smok-
ing, method of fertilization and number of oocytes retrieved.
Embryologists performed morphological scoring of all available em-
bryos in a cohort and then identified the best embryo according to
the Gardner score that would be transferred based on morphology
alone. If two or more GQB were present, a randomization was then
performed. As such, embryologists were blinded to group allocation
during morphological evaluation and embryo preselection. The physi-
cian and patients were blinded to which group they were allocated un-
til after the primary endpoint was known.

IVF treatment
Clinical protocol
All patients underwent controlled ovarian stimulation according to rou-
tine methods in each clinic. Both GnRH antagonist and agonist treat-
ment protocols were included. Oocytes were retrieved �36§ 2 h after
hCG administration (Ovitrelle 6500 IU, Merck, Darmstadt, Germany).

Lutinus vaginal tablets (Ferring, Copenhagen, Denmark) three times
daily, Cyclogest vaginal tablets (Gedeon Richter, Hungary) twice daily
or Crinone vaginal gel (Merck Serono) once or twice daily were given
as luteal support, starting the day after oocyte retrieval.

Laboratory protocol
All oocytes were rinsed in G-Gamete or G-MOPS (Vitrolife,
Gothenburg, Sweden) and placed in G-IVF medium (Vitrolife) for 2–
5 h before fertilization by conventional methods for standard insemina-
tion or ICSI.

Immediately after ICSI or for inseminated oocytes after denudation
on Day 1, embryos were placed into pre-equilibrated culture dishes
(Embryoslides, Vitrolife) containing single step GTL media (Vitrolife)
overlaid with paraffin oil (Ovoil, Vitrolife). Embryos were cultured up
to the blastocyst stage in an Embryoscope time lapse incubator
(Vitrolife) at 37�C, 5% CO2 and under reduced oxygen tension (5–6%
O2). Images of each embryo were captured every 10 min. Fertilization
was evaluated using the images captured by the Embroyscope at 16–
18 h post-insemination. In general, patients with �5 zygotes on Day 1
were eligible for blastocyst culture aiming for Day 5 embryo transfer.
After fertilization check, no further evaluations were performed, and
embryos remained in culture until the day of transfer.

Embryo selection strategies
On Day 5 (115§ 2 h post-ICSI/insemination), embryos were assessed
under an inverted microscope according to Gardner and Schoolcraft’s
(1999) grading system. Routinely, blastocysts were graded by at least
two embryologists in order to reduce potential interobserver varia-
tions in embryo grading. An embryo with a grade �3 BB was consid-
ered a GQB. A preliminary decision was then made on which embryo
to select for transfer. If two or more GQB were available, patients
were randomized into either the control or the TL group.

For patients randomized into the control group, the preliminary em-
bryo selection decision was maintained. No information available from
TL imaging was used for embryo assessment or selection in the con-
trol group.

For patients randomized into the TL group, the GQB with the high-
est Day 5 KIDScoreTM D5 was chosen for embryo transfer. To ensure
reliable scores were attained, the morphokinetic variables; time to
two, three, four and five cells, time to start of blastulation (tSB) and
morphological inner-cell mass (ICM) and trophectoderm (TE) scores
were evaluated using the TL images captured up to 120 h post-insemi-
nation. Morphokinetic variables were annotated according to the
guidelines proposed by Ciray et al. (2014). During the study period
the algorithm software was updated and three versions of the
KIDScoreTM D5 model (v1, v2, v3) (Vitrolife) were used. Fresh SET
on Day 5 was performed and Embryo glue (Vitrolife) was used
as transfer media. Supernumerary GQBs were vitrified on Day 5 or
Day 6.

Outcomes
The primary endpoint for this study was the percentage of ongoing
pregnancies defined by the presence of a gestational sac with foetal
heart activity detected by sonography at 6–8 weeks. Secondary end-
points were pregnancy (defined by a positive beta-hCG urinary test
performed 16 days after embryo transfer), early pregnancy loss and
agreement (Y/N) between the preliminary decisions based on mor-
phology and the final decision when KIDScore ranking was applied (TL
group only). Early pregnancy loss was defined as a positive pregnancy
that did not result in an ongoing pregnancy.

Statistical analysis
The distribution of continuous variables is given as mean, SD, median,
minimum, maximum, quartile 1 and quartile 3. Categorical variables
are given as numbers and percentages. For comparison between the
two randomized groups, Fisher’s exact test was used for dichotomous
variables (e.g. primary ongoing pregnancies), Fisher’s non-parametric
permutation test was used for continuous variables, Mantel–Haenszel’s
chi-square test for ordered categorical variables and Pearson’s chi-
square test for unordered categorical variables.

For all outcome variables exact 95% CI are given for all percentages
within groups, and for between groups the mean differences with 95%
CI together with relative risk (RR) with 95% CI. A sensitivity analysis
of primary analysis adjusted for all optimal allocation variables was per-
formed with multivariable logistic regression and odds ratio with 95%
CI are given. This analysis was adjusted for female age, number of
GQB on Day 5, number of oocyte retrievals, indication for treatment,
female BMI, female smoking, fertilization method, number of oocytes
and treatment clinic. All analyses were performed on the full analysis

710 Ahlström et al.
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set (FAS) population and included all randomized patients whereby
the primary outcome was measured. No imputation was performed.
All significance tests were two-sided and conducted at the 5% signifi-
cance level. All statistical analyses were performed by using Statistical
Analysis Software (SAS) (NC, USA).

Sample size calculation
Power analysis was based on the ongoing pregnancy data of D5 SET
results of Year 2015 from the participating clinics. In order to detect
an increase in ongoing pregnancies from 45% to 52% with 80% power
with a two-sided Fisher’s exact test at a significance level 0.05, a total
of 828 women in each group is needed.

Results
Between June 2018 and March 2021, a total of 2254 patients were
assessed for eligibility and 776 patients met the inclusion criteria and
were randomized (Fig. 1). The study was stopped early owing to a
slower rate of recruitment than expected: a main cause was coronavi-
rus disease-19 (COVID-19) restrictions. Of the estimated number of
patients needed, 46.9% (776/1656) were randomized.

After randomization, 31 patients did not receive the allocated inter-
vention. In one case, the patient withdrew consent, in the remaining
cases embryo transfer was cancelled and all GQB were cryopreserved.

In the FAS population (n¼ 745), blastocyst selection was either per-
formed by morphology alone (n¼ 376) or by morphology and TL
(n¼ 369). For two patients in the TL group, blastocyst selection was
not performed as per protocol for technical reasons, but these two
patients remained in the FAS analysis.

No significant differences were found for patient (Table I) or treat-
ment characteristics (Table II) between the two study groups.

In the FAS analysis, the ongoing pregnancy rate was the same in the
two groups: 47.4% (175/369) in the TL group and 48.1% (181/376)
in the control group (mean difference �0.7%, 95% CI �8.2, 6.7,
P¼ 0.90), RR 0.99, 95% CI 0.85, 1.15 (Table III) and OR 0.97, 95% CI
0.73, 1.30. No statistically significant differences were found for sec-
ondary outcomes: the pregnancy rate was 60.2% (222/369) in the TL
group and 59.0% (222/376) in the control group (mean difference
1.1%, 95% CI �6.2, 8.4, P¼ 0.81), and early pregnancy loss was
21.2% (47/222) in the TL group and 18.5% (41/222) in the control
group (mean difference 2.7%, 95% CI �5.2,10.6, P¼ 0.55) (Table III).

When adjusting for all optimal allocation variables in a sensitivity
analysis with multivariate logistic regression analyses, the OR for ongo-
ing pregnancy was 0.91 (95% CI 0.68, 1.23, P¼ 0.90) between the TL
group and the control group. The OR for pregnancy was 0.99 (95%
CI 0.73, 1.34, P¼ 0.94) and 1.26 (95% CI 0.77, 2.06, P¼ 0.56) for
early pregnancy loss between the TL and control group.

Pre-determined subgroup analyses were performed to compare on-
going pregnancy rates between the study groups for each treatment
clinic (Supplementary Table SI), for maternal age (Supplementary
Table SII) and for number of GQB available on Day 5 (Supplementary
Table SIII). The comparisons showed no statistically significant differen-
ces for ongoing pregnancy rates between the study groups. From the
logistic regression analysis, no significant interactions were found

between the studied baseline variables and the study group for predic-
tion of ongoing pregnancy.

For the TL group, ongoing pregnancy rates for version 2 (46.8%,
95% CI 40.5, 53.2) and version 3 (47.8%, 95% CI 38.3, 57.4) of the
KIDScoreTM D5 algorithm were the same (mean difference �1.0%,
95% CI �12.7, 10.7, P ¼ 0.95). KIDScoreTM D5 version 1 was not in-
cluded in the comparisons as it was only used for a few patients
(n¼ 6).

In the TL group, the choice of best blastocyst changed on 42% of
occasions (154/369, 95% CI 36.9, 47.2) after the KIDScoreTM D5 was
applied and this rate was similar for most treatment clinics
(Supplementary Table SIV). The ongoing pregnancy rates were the same
between concordant and discordant groups for algorithm versions, v1
(66.7% versus 66.7%), v2 (46.7% versus 46.4%) and v3 (50.7% versus
41.0%) (Supplementary Table SV). KIDScoreTM D5 version 1 was only
used for a few patients (n¼ 6), making the comparison unreliable.

Discussion
This large multicenter RCT showed that the addition of TL model
KIDScoreTM D5 to select single blastocysts for Day 5 transfer did not
improve ongoing pregnancy rate compared to selection of blastocysts
by morphology alone. Furthermore, the study showed no differences
for pregnancy rate and early pregnancy loss between the two groups.

Only two other RCTs have investigated the use of TL selection
compared to morphology alone while incubating all embryos in a TL
incubator. In agreement with our findings, both studies concluded that
embryo selection through TL did not lead to a significant improvement
of clinical outcomes (Goodman et al., 2016; Kaser et al., 2017).
Unfortunately, both of these studies were underpowered to detect
significant improvements after blastocyst transfer. In the study by
Goodman et al. (2016) only 75% of randomized patients underwent
blastocyst transfer, 91 patients in the TL group and 89 in the control
group and no significant differences were found for the clinical preg-
nancy rate (73.6% versus 67.0%, respectively) and implantation rate
(55.5% versus 51.2%, respectively). Kaser et al. (2017) terminated the
study after 60% of the patients were randomized (n¼ 163) and found
no significant difference in clinical pregnancy rates between using Early
embryo viability assessmentTM (EevaTM) test to select embryos on
Day 3 (41.1%) or Day 5 (38.9%) when compared with selection by
morphology alone on Day 5 (49.1%).

Similarly, our study, although considerably larger, only randomized
about half (776/1656, 46.9%) of the patients we calculated were re-
quired to detect a superiority of TL greater than 7% for ongoing preg-
nancy rate (a¼ 0.05, b¼ 0.20). With nearly half of the patients
randomized, our study had the potential to detect a difference of 10%
with 80% power at the 5% significance level between the two random-
ized groups. Even so, our findings show no indication that we would
have found any significant improvement for ongoing pregnancy in the
TL group even if we had randomized all intended patients. Thus, this
questions the rationale of spending resources on such TL models un-
less there is a gain in workflow efficiency. However, new develop-
ments in TL monitoring, incorporating automatic systems and deep
learning models, may provide potential advantages over current TL
models (Ueno et al., 2021). To date, Rubio et al. (2014) are the only
other group that has performed a large RCT (n¼ 843) investigating

Time-lapse selection of Day 5 embryos 711
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..the potential benefits of TL. In contrast to our findings, their study
reported a significant increase for ongoing pregnancy rate in the TL
group compared to the control group (51.4% versus 41.7%, P¼ 0.005).
However, it is not apparent if the significant increase in the TL group
was to the result of potential benefits of the hierarchical TL selection
model used and/or the TL incubation system, as all embryos in the con-
trol group were cultured in a standard incubator (Rubio et al., 2014).

Even though KIDScoreTM D5 was trained on a large heterogeneous
multicenter dataset, it has previously been shown that several factors,
including patient and treatment characteristics, affect morphokinetic
timings and influence model performance when used at new clinical
sites with different patient populations and culture conditions (Ciray
et al., 2012; Munoz et al., 2012, 2013; Cruz et al., 2013; Freour et al.,
2013; Kirkegaard et al., 2013). More recently, a study by Kato et al.

(2021) showed a relationship between KIDScoreTM D5, maternal age
and pregnancy and live birth outcomes, to suggest that KIDScoreTM

D5 prediction improved for patients with advanced age (>40 years
old) (Kato et al., 2021). When we investigated the possibility of model
performance varying within the dataset, our subgroup analyses found
no specific subgroup that preferentially benefited from KIDScoreTM D5
selection when stratifying for clinical site, maternal age and number of
GQB available on Day 5. Although it should be noted that in compari-
son to Kato et al. (2021) few patients in our study were above
40 years of age. A further analysis investigating additional baseline varia-
bles failed to identify any confounders of KIDScoreTM D5 performance
for prediction of ongoing pregnancy compared to the control group.
Possible effects of varying culture conditions were not studied because
all clinics used the same media and TL system.

Figure 1. CONSORT flow diagram. A multicenter, randomized controlled trial to assess the relative performance of a time-lapse technology
algorithm and conventional single time point morphological observation in predicting ongoing pregnancy in ART. GQB, good quality blastocysts.

712 Ahlström et al.
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.. Several retrospective studies have shown KIDScoreTM D5 to
have significant positive associations to implantation and live birth
rates after single blastocyst transfer (Lee et al., 2019; Reignier
et al., 2019; Kato et al., 2021). In smaller studies, blastocysts with
higher KIDScores were associated with increased glucose con-
sumption on Day 5, a positive indicator of viability, and increasing
euploidy rate (Ferrick et al., 2020; Yap et al., 2019). Certainly, evi-
dence generated via retrospective analyses remains important, but
as this study demonstrates, findings were not translated into true
clinical value when validated in an RCT. As KIDScoreTM D5 is a
commercially available model protected by copyright, we are not
privileged to know how annotations made for t2, t3, t4 t5 tSB and
morphological grades for TE and ICM are used or weighted to cal-
culate a score (i.e. timings to specific cell stages, cleavage cycle
durations). This limits our ability to compare specific markers and
timing intervals to other published studies. Certainly, there are
dilemmas in developing TL models that are applicable to heteroge-
neous patient populations in different clinical settings. Many of the

......................................................................................................

Table I Characteristics of the patients in the full analysis
set according to study group.

Variable Time-lapse group
(n 5 369)

Control group
(n 5 376)

Female age (years) 33.4 (4.2) 33.6 (4.1)

33 (30; 37) 33 (30; 37)

Female height (cm) 168.2 (6.5) 167.7 (6.2)

169 (164; 172) 168 (163; 172)

Female weight (kg) 70.4 (13.1) 69.6 (13.6)

68 (61; 77) 67 (60; 78)

Female BMI (kg/m2) 24.9 (4.4) 24.7 (4.4)

24 (21.5; 27.7) 23.6 (21.5; 27.3)

Smoking female

Non-smoker 357 (98.6%) 361 (97.6%)

<5 cigarettes/day 1 (0.3%) 7 (1.9%)

5–10 cigarettes/day 4 (1.1%) 1 (0.3%)

11–20 cigarettes/day 0 (0.0%) 1 (0.3%)

Taking snuff (snus) female

Non-snuffer 348 (96.1%) 358 (96.8%)

Occasionally 5 (1.4%) 5 (1.4%)

Daily 9 (2.5%) 7 (1.9%)

Partner age (years) 35.8 (5.7) 35.6 (5.6)

35 (31; 39) 35 (31; 39)

Smoking partner

Non-smoker 311 (97.2%) 299 (94.9%)

<5 cigarettes/day 2 (0.6%) 8 (2.5%)

5–10 cigarettes/day 3 (0.9%) 2 (0.6%)

11–20 cigarettes/day 2 (0.6%) 5 (1.6%)

>20 cigarettes/day 2 (0.6%) 1 (0.3%)

Taking snuff (snus) partner

Non-snuffer 251 (78.4%) 245 (77.8%)

Occasionally 11 (3.4%) 6 (1.9%)

Daily 58 (18.1%) 64 (20.3%)

Previous pregnancies in cur-
rent relationship

0 218 (59.1%) 220 (58.5%)

1 85 (23.0%) 85 (22.6%)

2 40 (10.8%) 44 (11.7%)

3 12 (3.3%) 12 (3.2%)

4 7 (1.9%) 9 (2.4%)

5 or more 7 (1.9%) 6 (1.6%)

Previous births in current
relationship

0 287 (77.8%) 280 (74.5%)

1 76 (20.6%) 90 (23.9%)

2 6 (1.6%) 5 (1.3%)

3 0 (0.0%) 1 (0.3%)

Number of started IVF cycles
leading to oocyte retrieval

0.775 (1.288) 0.870 (1.622)

0 (0; 1) 0 (0; 1)

(continued)

......................................................................................................

Table I Continued

Variable Time-lapse group
(n 5 369)

Control group
(n 5 376)

Type of menstruation

Regular 312 (85.0%) 323 (86.1%)

Irregular 55 (15.0%) 52 (13.9%)

Indication

Hormonal (hypogonadotropic
hypogonadism World Health
Organization class I)

20 (5.4%) 11 (2.9%)

Male 83 (22.5%) 81 (21.6%)

Endometriosis 19 (5.1%) 21 (5.6%)

Cervical factor 1 (0.3%) 0 (0.0%)

Polycystic ovary syndrome
(Rotterdam criteria)

19 (5.1%) 21 (5.6%)

Tubal factor 34 (9.2%) 22 (5.9%)

Same sex 18 (4.9%) 23 (6.1%)

Unexplained 139 (37.7%) 152 (40.5%)

Other reasons 29 (7.9%) 35 (9.3%)

Single 7 (1.9%) 9 (2.4%)

Origin of sperm

Ejaculated 310 (84.0%) 308 (81.9%)

Donated 47 (12.7%) 58 (15.4%)

Percutaneous epididymal
sperm aspiration (PESA)

2 (0.5%) 2 (0.5%)

Testicular sperm aspiration
(TESA)

5 (1.4%) 5 (1.3%)

Testicular sperm aspiration
extraction (TESE)

1 (0.3%) 0 (0.0%)

Thawed 4 (1.1%) 3 (0.8%)

For categorical variables, n (%) is presented.
For continuous variables, mean (SD), median (Q1; Q3) is presented.
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..models developed have not been transferable to other clinical set-
tings without modifications (Kirkegaard et al., 2014; Freour et al.,
2015; Ahlstrom et al., 2016; Ferrick, et al., 2020). Particular risks
include defining too narrow or too broad time intervals for optimal
divisions, which can change the balance between model specificity
and sensitivity. It may also be of importance that several atypical
cleavage or morphological features (chaotic cleavage, reverse cleav-
age, fragment internalization, multinucleation, blastocoel collapse)

indicated for deselection models were not evaluated in this study
and our results cannot be generalized to these types of markers
(Athayde Wirka et al., 2014; Desai et al., 2014; Goodman et al.,
2016). Furthermore, aberrant division patterns associated with de-
velopmental arrest may be more valuable when selecting embryos
for transfer at early stages of development. In comparison, the hi-
erarchical model by Meseguer et al. (2011) used several exclusion
criteria before assessing the timings of morphokinetic markers.

............................................................................................................................................................................................................................

Table II Treatment characteristics of the IVF cycles in the full analysis set according to study group.

Variable Time lapse group
(n 5 369)

Control group
(n 5 376)

P-value

FSH start dose (IU) 192.1 (73.7) 195.0 (75.0) 0.60

150 (150; 225) 150 (150; 225)

Total FSH dosage (IU) 1946 (845) 1947 (889) 0.98

1725 (1323; 2350) 1738 (1325; 2325)

Number of stimulation days 10.2 (2.2) 9.98 (1.59) 0.16

10 (9; 11) 10 (9; 11)

Type of drug used for ovarian stimulation

Bemfola 69 (18.7%) 72 (19.1%)

Gonal-F 197 (53.4%) 201 (53.5%)

Menopur 90 (24.4%) 87 (23.1%)

Puregon 7 (1.9%) 8 (2.1%)

Recombinant FSH 6 (1.6%) 8 (2.1%) 0.98

GnRH downregulation

Agonist 39 (10.6%) 41 (10.9%)

Antagonist 330 (89.4%) 335 (89.1%) 0.98

Number of oocytes at retrieval 12.1 (3.9) 12.1 (4.0) 0.90

12 (9; 14) 11 (9; 14)

Method of fertilization

Standard IVF 227 (61.5%) 226 (60.1%)

ICSI 108 (29.3%) 112 (29.8%)

50/50 34 (9.2%) 38 (10.1%) 0.89

Number of two pronuclear zygotes 8.04 (2.81) 8.04 (2.75) 1.00

7 (6; 10) 8 (6; 9.5)

Number of blastocysts on Day 5 4.51 (2.20) 4.38 (2.03) 0.43

4 (3; 5) 4 (3; 5)

Number of good quality blastocysts on Day 5 3.59 (1.73) 3.40 (1.49) 0.12

3 (2; 4) 3 (2; 4)

Number of blastocysts on Day 6 2.08 (1.67) 2.27 (1.80) 0.17

2 (1; 3) 2 (1; 3)

n¼ 368 n¼ 366

Number of good quality blastocysts on Day 6 0.659 (0.947) 0.648 (0.900) 0.91

0 (0; 1) 0 (0; 1)

n¼ 367 n¼ 366

Number of cryopreserved embryos (Day 5þ 6) 3.28 (1.88) 3.19 (3.19) 0.70

3 (2; 4) 3 (2; 4)

n¼ 368 n¼ 366

For categorical variables, n (%) is presented.
For continuous variables, mean (SD)/median/(Q1; Q3)/n ¼ is presented for variables when missing values for full analysis set population. For comparison between groups, Fisher’s ex-
act test (lowest one-sided P-value multiplied by 2) was used for dichotomous variables and the Mantel–Haenszel’s chi-square exact test was used for ordered categorical variables and
the chi-square exact test was used for non-ordered categorical variables and the Fisher’s non-parametric permutation test was used for continuous variables.
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.A proposed assumption is that an algorithm’s potential to increase
pregnancy rates is greater when the agreement with standard selection
methods is low (Storr et al., 2018). In a retrospective analysis, Reignier
et al. (2019) found a moderate level of agreement, 61%, between
selections by KIDScoreTM D5 (v2) and morphology alone, and sug-
gested that there was potential for improvement when applying
KIDScoreTM D5 in an RCT because of a positive association between
KIDScores and live birth outcome. Similarly, we observed that the pre-
liminary decision made by embryologists was in agreement with
KIDScoreTM D5 in 55% of cases for algorithm version 2, and in 65% of
cases for version 3. The fact that clinical outcomes were the same be-
tween our study groups (control versus intervention) shows that the
choice made by the embryologist was not inferior to the KIDScoreTM

D5 model and vice versa when selecting from a number of GQB.
As part of our study design, blastocysts in the control group were

selected for transfer after a single static observation on Day 5. In prac-
tice, this may not reflect how many clinics perform routine morpholog-
ical selection, instead it is more common to perform a number of
static observations on multiple days and weight morphological events
to improve ranking of viable embryos. We chose not to include a
more extensive morphological ranking system in order to simplify and
standardize selection methods between clinics. Positively, the ongoing
pregnancy rate in the control group was comparable to published per-
formance indicators and Nordic register data (Alpha Scientists in
Reproductive Medicine and ESHRE Special Interest Group of
Embryology, 2011), and did not affect our findings. However, in retro-
spect, since the TL intervention group included assessments also from
earlier cleavage stages into the KIDscoreTM grading, we may have
given this group a small advantage enabling better assessment of blas-
tocyst expansion as well as TE and ICM grade.

A strength of this study was that all patients underwent single blas-
tocyst transfer (SET). This allowed us to know the direct outcome of
each blastocyst and avoid the influence of confounding factors associ-
ated with the practice of double embryo transfer (DET) (Liu et al.,
2019). In comparison, previous studies performing multiple embryo
transfers have failed to describe whether all embryos were optimal
(according to the selection criteria) or the decision behind choosing
DET, often practiced in cycles for poor prognosis patients, with poor

embryo quality and for patients with advanced maternal age (Rubio
et al., 2014; Goodman et al., 2016; Liu et al., 2019). Furthermore, sev-
eral studies performing mixed transfer days were unable to indicate on
which day the model performs best. Another strength of this study
was the enrollment of patients from multiple clinical sites that strength-
ens the generalizability of our findings.

A possible weakness of this study is that we performed a manual pre-
selection and only allowed blastocysts of good quality to be considered
for selection by the models. It could be argued that using such a strict
morphological criterion restricts the possibility for a theoretical selection
power of TL to take place, as well as restricting the results mainly to a
good prognosis patient group. We decided to use a higher threshold in
order to ensure that patients would at least get a GQB transferred and
not risk a ‘substandard’ embryo transfer. Indeed, the ideal study would
have been to select from all available two pronuclear zygotes and really
challenge morphological grading and what can be considered acceptable
embryo quality before transfer, but we considered that unethical.

Another weakness of our study was caused by the COVID-19 pan-
demic, as many participating clinics temporarily closed down, greatly
reducing the number of IVF cycles started or increasing the number of
freeze-all cycles to postpone fresh transfers. This reduced the random-
ization of eligible patients and could influence the generalizability of our
study.

The findings of our study, alongside many others, demonstrate the lim-
itations of morphology and morphokinetic markers to fully reflect the re-
productive potential of developing embryos, including the chromosomal
status (Ziebe et al., 2003; Alfarawati et al., 2011). The implicated relaxa-
tion of cell cycle checkpoints, allowing embryo development to progress
even in the presence of chromosomal errors, explains why cleavage pat-
terns will be of little use to fully separate normal from abnormal embryos
(Ambartsumyan and Clark, 2008). Future hopes now lie invested in the
use of artificial intelligence technologies to interpret the full scope of TL
images and identify key features that have been missed or not quantified
in current models and without manual annotations (Tran et al., 2019;
VerMilyea et al., 2020).

In conclusion, this large RCT showed that TL selection did not im-
prove ongoing pregnancy rate after Day 5 single blastocyst transfer
when compared with selection by morphology alone.

............................................................................................................................................................................................................................

Table III Efficacy variables for the full analysis set population.

Variable Time lapse group
(n 5 369)

Control group
(n 5 376)

P-value Difference between
groups Mean

(95% CI)

Relative risk
(95% CI)

Primary efficacy variable

No. of ongoing pregnancies (%) 175 (47.4%) 181 (48.1%) 0.90 �0.7 (�8.2, 6.7) 0.985 (0.848, 1.145)

(42.2–52.7%) (43.0–53.3%)

Secondary efficacy variables

No. of positive b-hCG pregnancies (%) 222 (60.2%) 222 (59.0%) 0.81 1.1 (�6.2, 8.4) 1.019 (0.905, 1.147)

(55.0–65.2%) (53.9–64.1%)

No. of early pregnancy losses (%) 47 (21.2%) 41 (18.5%) 0.55 2.7 (�5.2, 10.6) 1.146 (0.788, 1.668)

(16.0–27.1%) (13.6–24.2%)

For categorical variables, n (%) and exact 95% CI is presented. For comparison between groups, Fisher’s exact test (lowest one-sided P-value multiplied by 2) was used for dichoto-
mous variables. The CI for dichotomous variables is the unconditional exact confidence limits. If no exact limits can be computed the asymptotic Wald confidence limits with continuity
correction are calculated instead.

Time-lapse selection of Day 5 embryos 715
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