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Abstract
Purpose The objective of this work was to determine which
embryonic morphokinetic parameters up to D3 of in vitro de-
velopment have predictive value for implantation for the se-
lection of embryos for transfer in clinical practice based upon
information generated from embryo transfers with known im-
plantation data (KID).
Methods A total of 800 KID embryos (100% implantation rate
(IR) per transfer and 0% IR per transfer) cultured in an incubator
with Time-Lapse systemwere retrospectively analysed. Of them,
140 embryos implanted, whereas 660 did not.
Results The analysis of morphokinetic parameters, together
with the embryo morphology assessment on D3, enabled us
to develop a hierarchical model that places the classical mor-
phological score, the t4 and t8 morphokinetic values, as the
variables with the best prognosis of implantation.
Conclusion In our decision tree, the classical morphological
score is the most predictive parameter. Among embryos with
better morphological scores, morphokinetics permits
deselection of embryos with the lowest implantation potential.

Keywords Time-lapse image acquisition . Dynamic embryo
evaluation . Embryo kinetics . Embryo selection

Introduction

Since in vitro fertilization (IVF) treatment in humans began,
the assessment of the embryo’s morphology at certain check-
points in its development has been the most widely usedmeth-
od to evaluate embryo quality and to select them for transfer
[1, 2].

The first publications on human embryo assessment using
the dynamic monitoring system (Time-Lapse (TL)) date back
to 1996 [3, 4], but only recently has this system been
established as routine in assisted reproduction laboratories.
Embryo culture in TL-method incubators delivers continuous
information on the embryos’ developmental stage and
morphokinetics, thus optimizing embryo selection while also
providing an uninterrupted and stable culture.

In recent years, several studies in this area have set out
to find a correlation between different morphokinetic pa-
rameters and the embryo’s potential to reach the blasto-
cyst stage, the presence of aneuploidies in the embryo or
the ability of the embryos to implant and result in a
healthy live birth. In 2010, Wong [5] postulated that some
aspects of embryo development, especially the success or
failure to reach blastocyst stage, are determined very early
and probably depend on the oocyte, relating the duration
of the first cytokinesis and the duration of 2- and 3-cell
stages to the embryo’s potential to reach the blastocyst
stage. Other authors subsequently confirmed some of
these associations [6, 7] or found new predictive parame-
ters of blastocyst formation, such as direct cleavage to 3-
cell stage [8], the duration of the 3-cell stage [8, 9], the
time for the embryo to reach 4 cells (t4) [8], the time
needed to reach 7- and 8-cell stages and the duration of
the third division (t8-t5) [9], the time to morula [8] or all
the cell divisions and the duration of the cell stages except
for the first division (t2) [10].
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With regard to the embryo’s chromosomal constitution,
Campbell [11] concluded that embryos with simple or com-
plex aneuploidies present a delay in the start of blastocyst
formation, needing more time to reach this stage, and de-
scribed that the presence of aneuploidies in the embryo is
correlated with the time of blastulation and full blastulation.
Basile [12] found predictive parameters of the presence of
embryo aneuploidies in the duration of the 2-cell stage (t3-
t2); the moment the embryo reaches 5 cells (t5) and the t5-t3
and t5-t2 time ranges. However, Rienzi [13] did not find any
association betweenmorphokinetic variables and the presence
of aneuploidies in the embryo.

Other authors have correlated several morphokinetic
parameters, such as the moment of extrusion of the
second polar body, the time from appearance until the
fading of the pronuclei (PN) [14], the time for PN fad-
ing [14, 15], synchrony in the appearance of nuclei after
first cleavage [16], the duration of 2- and 3-cell stages
and t5 [17, 18], t3, t5 and cc2 time ranges [19] or the
t8 value [10] to the pregnancy/implantation rate.

Different algorithms for embryo selection based on
morphokinetic parameters have been published, which relate
the moment that key events of embryo development and im-
plantation potential occur. [17, 19]. However, the usefulness
of the TL methodology for embryo selection is controversial,
and some authors consider that there is no evidence of the
benefits of using it [20, 21]. Despite the criticism, laboratories
that have implemented TL systems are reluctant to go back to
the traditional observation and selection method due to the
advantages of not having to remove the embryos from the
incubator for observation, and also of having images of the
continuing embryonic development for the selection of em-
bryos. Some authors believe that TL can be a useful tool in
IVF laboratories even if it were proven that the morphokinetic
models for embryo selection are no better than those based on
classical standard morphological evaluation [22].

Several publications report that morphokinetic param-
eters could vary according to the different intrinsic con-
ditions of each IVF programme and laboratory, such as
the type of ovarian stimulation, insemination method or
culture conditions [23–27]. This makes it more difficult
to apply a morphokinetic score model from one centre
to another, and it is thus recommended that laboratories
with sufficient data set the potentially informative
morphokinetic values for their specific laboratory work-
ing conditions [28].

The objective of this work is to determine whether, in a
large number of cases with known implantation data (KID)
embryo transfers, performed only in one ARTcentre and using
the same culture conditions, the embryo morphokinetic pa-
rameters up to D3 can have a predictive value of implantation
capability and whether they can be routinely used for the se-
lection of embryos in clinical practice.

Materials and methods

Patients

This work was developed in only one ART centre, and all
procedures and protocols were approved by its Institutional
Review Board (IRB).

A total of 800 KID embryos (100% IR per transfer and 0%
IR per transfer) cultured in an incubator with TL system were
retrospectively analysed. Of them, 140 embryos implanted,
whereas 660 did not. The embryos resulted from 439 fresh
ICSI cycles with own gametes performed in our centre from
July 2011 to December 2014. Cycles with oocyte donor, vit-
rified own oocytes, sperm donor, cryopreserved own sperm or
with preimplantation genetic diagnosis were excluded from
the study.

Patients underwent ovarian stimulation with the use of go-
nadotropins (FSH or hMG) and GnRH analogues. Patients
received hCG when the diameter of the leading follicle(s)
>18 mm. 36 h after hCG injection, ultrasound-guided oocyte
retrieval was carried out. Embryo replacement was performed
on D3 and luteal support consisted of vaginally administered
progesterone. Only clinical pregnancies were considered, de-
fined as transvaginal ultrasonography visualization of the ges-
tational sac.

Oocyte retrieval and ICSI

Following retrieval, the oocytes were immediately placed in
fertilization culture medium (Vitrolife®) plates. Cumulus-
oocyte complexes were denudated 2 h post-retrieval with hy-
aluronidase and subsequent mechanical pipetting of different
tip diameters. Oocytes were microinjected at least 4 h post-
retrieval.

Embryo culture and embryo selection

Once the oocytes had been inseminated by ICSI, they were
individually cultured in EmbryoSlide dishes (Vitrolife®) pre-
equilibrated for at least 4 h at 37 °C and 6% CO2 with embryo
culture medium (Vitrolife®). Culture conditions were set at
37 °C, 6% CO2 and 5% O2.

The TL system used was the Embryoscope® (Vitrolife®),
and it was set to acquire images every 15 min at 5 different
focal planes from each embryo. All the embryo transfers were
carried out on D3 of embryo development, and embryo selec-
tion was based only on morphological criteria. All the embry-
os of each patient were evaluated according to our own score
that grades embryos from 0 to 10, with the ones with the
highest score being chosen for transfer. Embryos were consid-
ered as having optimum morphology (score 8–10) when, on
D3 of in vitro culture, they presented 6 or more symmetric
blastomeres, similar or slightly different, less than 20%
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fragmentation and absence of multinucleation. Embryos with
the presence of multinucleation at any stage of development
received a score of 2 directly, regardless of their morphology.
The number of embryos to transfer was determined by the
number of embryos available from each patient, the number
of optimum embryos and patient age. Good morphology em-
bryos that were not transferred were cryopreserved for further
attempts. Embryos with the presence of multinucleation or
compromised morphology were left in extended culture in
sequential media and were cryopreserved if they reached the
blastocyst stage.

Morphokinetic parameters analysed

The images acquired from each embryo were analysed with
the EmbryoViewer®workstation (EV) in which every embryo
developmental event was recorded at the exact moment it
occurred, considering t = 0 as the time of microinjection
(mean time between initial tICSI and final tICSI).

The timings of the appearance and fading of the PN, as well
as the division times from 2-cell to 8-cell, were recorded.

The embryos with direct cleavage (≤5 h) from two to three
cells were evaluated [29].

Statistical analysis

The mean and median times of PN appearance and fading,
division to 2, 3, 4, 5, 6, 7 and 8 cells (t2, t3, t4, t5, t6, t7 and
t8), synchrony (s2 = t4-t3; s3 = t8-t5) and duration of the
second and third cell cycle (cc2 = t3-t2; cc3 = t5-t3) were
estimated (hours) for every embryo group (implanted or not
implanted). The time distribution between both study groups
was compared with the Mann-Whitney test. The IBM SPSS
STATISTICS v22 application was used, and all the tests were
bilateral with a significance level of 5%.

Data from every morphokinetic variable were divided into
four quartiles with an even number of embryos. For each
quartile, the implantation rate was calculated and compared
by chi-square. Quartiles with similar implantation rate were
grouped in order to identify the optimal range.

An algorithm was developed to identify the embryonic
parameters associated with a higher implantation potential,
considering morphokinetics (variables previously grouped in
optimal ranges derived from quartile analysis and direct cleav-
age from two to three cells together) with the morphological
embryo score on D3 by applying a decision tree.

The objective of the decision tree is to model a nominal
response variable using a set of predictive variables, in order
to obtain results that are easy to interpret and to allow the
interactions between the predictive variables in their natural
form to be taken into account (https://cran.r-project.org/web/
packages/rpart/vignettes/longintro.pdf) . The decision tree
uses a recursive algorithm. It starts by selecting the variable

with the highest discriminatory capacity (at the top of the tree)
generating two partitions; within each partition the same
procedure is performed until no variable adds value to the
tree (we used the stop and pruning model pre-defined by the
Rpart package). The decision tree was estimated with the
Rpart package [30], using the statistical package R (R version
3.2.3 (2015–12-10)—BWooden Christmas-Tree^ Copyright
(C) 2015 The R Foundation for Statistical Computing
Platform: x86_64-w64-mingw32/×64 (64 b).

Results

Our analysis included 439 KID cycles. Mean patient age was
37.15 ± 3.89 years. The cause of infertility was female
aetiology in 22.1% of cycles, male infertility in 30.8%,
21.6% mixed infertility and 25.5% of the cycles were diag-
nosed as unexplained.

The group of patients whose embryos were implanted had
a lower mean age (34.92 ± 3.21 vs 37.69 ± 3.68), and a higher
number of oocytes recovered (9.65 ± 4.46 vs 8.58 ± 4.44)
compared to the group of patients whose embryos did not
implant, with significant differences (p < 0.05).

Of the total embryos analysed, 96 (12%) underwent direct
cleavage from two to three cells. Only ten of the embryos with
direct cleavage are implanted (IR 10.4%), while of the 704
embryos transferred that did not show direct cleavage, 130 are
implanted (IR 18.5%).

Significant differences were found between the median
times for the t4, t7 and s3 values between the embryos that
implanted (140 embryos) and those that did not (660 embry-
os). No significant differences were observed regarding the
appearance and fading of the PN, t2, t3, t5, t6 and t8 division
times, duration of the second and third cell cycle, cc2 and cc3
or the second cell cycle synchrony s2 (Table 1).

The analysis of the time ranges with highest implantation
rate showed significant differences for t2, t3, t4, t7, t8, s2 and
cc2 values. For these variables, the highest implantation rate
was observed in the three quartiles corresponding to the earlier
time ranges (Table 2).

The hierarchical model obtained with the results from the
analysis of the morphokinetic parameters (variables previous-
ly grouped and direct cleavage) and the embryologic morphol-
ogy resulted in a decision tree in which the classical morpho-
logical score was the variable with the best prognostic factor
of implantation. Consequently, the first differentiation was
established between the embryos with a poor morphological
score (score < 8) and optimal morphological score (score ≥ 8).
The next differentiation levels were the morphokinetic param-
eters t4 and t8, with the time to reach the 4-cell stage being the
most determining morphokinetic factor of implantation.
Morphologically optimal embryos obtaining the best implan-
tation rates (IR 29%) showed a t4 value <43 h and a t8 value
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<61.7 h and were named the good group. Morphologically
optimal embryos with a t4 value <43 h and t8 value ≥61.7 h
had a lower implantation rate (IR 17%) and were classified as
the fair group. Embryos with optimal morphology with a slow
development (t4 ≥ 43 h) had an implantation rate of 9% and
were classified as the poor group (Fig. 1).

The group of embryos with a morphological score < 8
corresponding to embryos showing a poor morphology
or multinucleation had an implantation rate of 10% and
were therefore assigned to the poor prognosis group
(poor group), also regardless of their morphokinetic pa-
rameters. For this group of embryos, no associated
morphokinetic parameter was found that could be
subdivided into different categories depending on the
implantation rates (Fig. 1).

Of the 96 embryos with direct cleavage, 85 embryos were
in the Bpoor^ category of the decision tree (8/85 implanted),
six embryos were Bfair^ (0/6 implanted) and 5 were Bgood^
(2/5 implanted).

Discussion

This work describes a decision tree for the selection of embry-
os with the highest implantation potential by means of a com-
bination of morphokinetic parameters and the classical mor-
phological score, the latter resulting, in our hands, as the var-
iable with the best implantation prognostic factor. Unlike other
published studies, our study group is homogenous. All the
cycles were performed in the same centre, and only fresh
own oocyte cycles inseminated with ICSI were included.
Cycles with donated gametes, vitrified oocytes or with PGD
were excluded. No exclusion criteria were established regard-
ing the characteristics of the couples, such as patient age,
stimulation protocol, infertility factor or the number of oo-
cytes retrieved in order to establish embryo selection criteria
applicable to all patients undergoing IVF-ICSI. Cycles in
which it was not possible to ascertain the implantation of all
the embryos transferred were excluded. A total of 800 KID
embryos were ultimately analysed.

Table 1 Timing of events analysed from implanted and non-implanted embryos

Parameter Implanted embryos (n = 140 KID) Non-implanted embryos (n = 660 KID)

Mean (h) Minimal (h) Maximal (h) Median (h) SD (h) Mean Minimal (h) Maximal (h) Median (h) SD (h)

PN appeared (h) 9.07 4.65 13.40 9 1.73 9.17 5.33 16.98 8.8 1.98

PN faded (h) 24.4 20.67 30.87 24.05 2.5 25.11 18.78 51.13 24.54 3.71

T2 (h) 26.9 21.09 34.7 26.93 2.62 27.66 20.83 63.89 27.13 4.02

T3 (h) 37.8 24.44 47.5 38.02 3.9 38.46 23.19 68.19 38.28 5.17

T4 (h) * 39.45 30.94 56.07 39.12 3.78 40.75 26.21 70.34 39.92 5.68

T5 (h) 50.86 33.92 68.12 50.85 5.74 51.16 31.58 70.42 50.97 6.99

T6 (h) 52.85 37.06 68.12 52.64 5.24 53.67 35.17 70.75 52.88 6.4

T7 (h) * 54.42 42.36 68.31 54.36 4.9 55.73 39.26 70.83 54.96 6.07

T8 (h) 56.72 46.6 69.63 56.8 5.57 57.79 44.02 71.37 57.14 6.13

S2 (h) 1.65 0 15.57 0.75 2.91 2.33 0 27.05 0.75 3.94

S3 (h) * 5.81 0 22.09 4.34 4.78 7.07 0 28.14 5 5.76

CC2 (h) 10.9 0 16.01 11.5 2.86 10.80 0 35.76 11.67 4.12

CC3 (h) 13.12 0.25 26.61 13.54 3.77 13.01 0 33.30 13.22 5.08

Comparison of the median values of each parameter between both groups of embryos. *P < 0.05 (median)

Table 2 Time ranges and implantantion rates (n = 800 KID embryos)

Parameter Limit (h) Limit (h) Limit (h) Limit (h) P value

t2 ≤24.96 IR 18.1% 24.97–27.07 IR 18.6% 27.08–28.98 IR 21.1% >28.95 IR 12.6% 0.032

t3 ≤35.7 IR 16.1% 35.71–38.2 IR 22.1% 38.21–40.98 IR 19.7% >40.99 IR 12.5% 0.029

t4 ≤37.18 IR 20.6% 37.19–39.81 IR 18.6% 39.82–42.98 IR 21.2% >42.99 IR 10.01% 0.001

t7 ≤51.25 IR 22.7% 51.26–54.93 IR 18.5% 54.94–59.07 IR 24.3% >59.08 IR 12.8% 0.01

t8 ≤52.96 IR 22.1% 52.97–57.09 IR 18.6% 57.10–61.68 IR 25.7% >61.69 IR 13.06% 0.028

s2 ≤0.25 IR 16.8% 0.26–0.75 IR 21.3% 0.76–2 IR 20.3% >2.01 IR 12.1% 0.018

cc2 ≤10.67 IR 16.6% 10.68–11.67 IR 22.7% 11.68–12.51 IR 19.5% >12.52 IR 11.6% 0.01
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Regarding the characteristics of the patients in both groups,
patients with positive implantation embryos and patients with
non-implanted embryos, as expected, show significant differ-
ences between them with respect to the mean age and number
of oocytes recovered. Of course, from the nature of the group,
when working with known implantation embryos, the patients
whose embryos implanted presented a better prognostic
factor.

For the assessment of the embryonic division rate through
the analysis of the morphokinetic parameters, and due to the
fact that the time variable does not present a normal distribu-
tion, we focused on the analysis of the time medians instead of
on the corresponding mean values. The comparison between
the median division time of embryos that implanted and those
that did not presented significant differences for some specific
values, indicating a significant association between these pa-
rameters and the implantation capability of the embryos in our
laboratory conditions. In general, non-implanting embryos
showed minimal and maximal times farthest from the median
value for all the morphokinetic parameters analysed.

To compare the timings of the first embryo divisions with
those already published by other authors that used the same
equipment (Embryoscope®) we compared the mean values,
since it is the most commonly used value in other studies. The
first thing we observed was that the rate of embryo division
varies among the different studies published. Focusing on the
data published on embryos that have implanted, the division
timings to 4 cells (t4) reported by Meseguer [17] tend to be
shorter than our mean time values. However, the data pub-
lished by Chamayou [31] show longer times, indicating a
slower division rate of these embryos. Likewise, the division
times of the third cell cycle obtained in our study are faster
than those published by Chamayou and the embryos cultured

in our centre reached 8-cell stage approximately 3 h earlier. In
our hands, embryos with a slower division rate, similarly to
what other authors have published, correspond to embryos
presenting a lower implantation rate.

The difference in embryo division could be explained by
the different laboratory conditions. The culture medium used
in our laboratory (Vitrolife®) was different from the one used
in the two other studies previously mentioned (Sage®) [17,
31], but although these two laboratories worked with the same
medium, their culture conditions were not the same. In our
centre, as well as in the case of Chamayou, the culture was
carried out with a low oxygen concentration, whereas
Meseguer used an oxygen concentration of 20%.

The series that reports embryo division times closest to
ours is Del Canto’s [10]. Despite the use of a different culture
medium (Origio®), the oxygen concentration for their culture
was also low. Although these authors do not differentiate em-
bryos by their implantation ability but rather through their
ability to reach the blastocyst stage, we observed, on compar-
ing their reported times to our own, that their initial division
times until 6-cell stage (t6) were very similar. However, their
t7 and t8 values were longer than ours.

When we compared our mean division times of all the
analysed embryos to the control group values reported by
Kirkegaard [32], we observed that their t7 and t8 times were
also longer than ours, whereas the division rate was faster for
the first embryo cleavage. In this case, the culture medium
used was Cook®.

The comparison of the times published by different authors
demonstrates that the intrinsic conditions of every laboratory
can influence embryonic morphokinetics. Although previous
publications found no differences between the culture media
used [33], the set of multiple factors that create the conditions

Good Fair Poor

All embryos

(100%)

Morphological score

>8

(IR 23%)

Morphological score

<8

(IR 10%)

(IR 27%)

T8 <61.7h 

T4 >43hT4 <43h

(IR 9%)

(IR 29%)

T8 >61.7h 

(IR 17%)

61% 39%

49% 12%

40% 9%

Fig. 1 Decision tree for the
selection of embryos with the
highest implantation potential by
means of the classical
morphological score and
morphokinetic parameters
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of every laboratory and which, as has been described, could
amount to more than 200 [34], could be decisive in embryo
development.

The division time analysis of all the embryos grouped in
quartiles to identify the most relevant morphokinetic parame-
ters to predict implantation showed significant differences for
t2, t3, t4, t7, t8, s2 and cc2. Meseguer [17] also found signif-
icant differences for t2, t3, t4, s2 and cc2, as well as for t5,
which in our series did not reach statistical significance. These
authors did not analyse the times later than t5, and therefore, a
comparison of later division times cannot be made. In general,
our optimal division ranges are wider. This could be explained
by the fact that the patients studied in our work correspond to
the general ICSI population and not to selected good-
prognosis patients and/or oocyte recipients who are the study
group of the work mentioned earlier.

Regarding the development of a hierarchical model for
embryo classification, in this study, the model was created
based on the probability of implantation. The best prediction
was obtained from the combination of embryo score based on
the classical morphological parameters and the most relevant
morphokinetic parameters. While some authors use the clas-
sical morphology for discarding non-viable or very abnormal
embryos, in the decision tree that we propose the morpholog-
ical score is the most relevant parameter and leaves
morphokinetic parameters as secondary. Among the embryos
considered optimal only by morphological criteria,
morphokinetics makes it possible to deselect the embryos with
the lowest implantation potential.

According to our hierarchical model of embryo selection,
the morphokinetic parameters that are most predictive of im-
plantation potential correspond to the time of the last divisions
of the second and third cell cycles (t4 and t8). By applying
these morphokinetic parameters to optimal morphology em-
bryos, we can discriminate between three groups: those that
implant best (good group), those with a fair probability (fair
group) and those with fewest probabilities of implantation
(poor group).

Despite the importance of classical morphology in the
proposed tree, morphokinetic parameters take on great
relevance, since they allow us to distinguish embryos
which, after being classified as morphologically optimal,
have a scant possibility of implantation (morphological
score ≥ 8 and t4 ≥ 43 h). In the case of embryos with
compromised morphology and embryos with the

presence of multinucleation, with a morphological
score < 8, no morphokinetic criteria could be found to
establish subdivisions depending on their probability of
implantation, possibly because the morphological classi-
fication is sufficiently robust when categorizing them as
poor-prognosis embryos (poor group). It cannot be ruled
out that studies on morphokinetics with a larger number
of poor-morphology embryos could find a parameter
that would make it possible to establish a difference in
their classification and help to improve embryo selection
in this group.

Although it is important to mention that multinucleated
euploid embryos that reach the blastocyst state have the same
capacity to implant as embryos from non-multinucleated eu-
ploid embryos (own data), and the culturing of multinucleated
embryos to the blastocyst stage allows the selection of poten-
tially viable embryos, previously published studies have ob-
served a decreased ability of multinucleated embryos in early
stages to reach the blastocysts stage [35, 36]. In addition,
according to several authors, multinucleated embryos have a
higher number of chromosomal alterations [37–39] and a
higher rate of miscarriage [40, 41]. Taking into account that
our morphological score categorizes embryos on cleavage
stage (day 3), not in blastocyst stage, embryos with
multinucleation were assigned a score of 2, regardless of their
morphology.

Direct cleavage embryos had a lower implantation rate than
other embryos studied with a normal cleavage pattern, as other
authors had published before [29]. Most of them were Bpoor^
embryos due to a bad morphology or a slow developmental
rate (t4 > 43 h). It is important to note that those two of the five
embryos that were in the Bgood^ group, implanted despite
direct cleavage.

When we compare our decision tree to those published by
other authors, we find that the relevant parameters included in
the algorithm are different. The parameters thatMeseguer [17]
includes in his algorithm, also based on implantation ability,
are t5, s2 and cc2, and Basile [19], also from the same group,
t3, cc2 and t5. These differences among the studies published
to date have led some authors to consider that the correlation
of morphokinetic parameters with embryonic potential are
inconclusive and that neither the isolated morphokinetic pa-
rameters with predictive value nor the ranges of each param-
eter present a consensus among the different groups [20]. The
Cochrane review published in 2015 [21] concluded that BFor

Fig. 2 Proposed strategy to
implement a morphokinetic
model for embryo selection in the
laboratory
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all types of TLS, with or without cell-tracking algorithms,
versus conventional embryo incubation there was no conclu-
sive evidence of a difference in live birth, miscarriage, still-
birth and clinical pregnancy rates per couple randomised. The
quality of the evidence overall for all outcomes presented in
this review is moderate or low, given the scarcity of studies^.

In our opinion, the algorithms proposed by the different
groups that include different relevant parameters reinforce
the idea that the intrinsic conditions of every laboratory
may probably affect embryonic morphokinetics, and that
the algorithm used in the daily routine must be designed in
accordance with the relevant parameters specific to each
centre. It would be advisable, where possible, for each
laboratory to record the division times of its embryos and
to define the criteria of each measurement [42] exactly
following a well-defined standard operating procedure
(SOP) and avoiding differences between operators.
Moreover, the morphokinetic parameters of better progno-
sis should be identified according to the working condi-
tions of the specific laboratory since, as we have described,
they could vary from one centre to another. And finally, an
algorithm should be created to select the best embryos for
transfer according to the relevant parameters chosen and
eventually integrate it into daily clinical practice (Fig. 2).
An alternative to this individual approach could be to adopt
one of the general algorithms commercially proposed
which have been described to be independent of culture
conditions and fertilization method [43].

The main limitations of this study derive from the retro-
spective nature of the data, an embryonic selection strategy
based on classical morphology and the use of embryos with
known implantation data (KID), which does not make it pos-
sible to know what will happen when the decision tree is
applied in a different population. Other limitations derive from
the nature of the decision tree that does not allow either spec-
ifying or quantifying the relative importance of each variable
in the model or calculating the odds ratio for each parameter,
as a logistic model would allow. However, the advantage of a
hierarchical classification model is that it could be applied
more intuitively. Due to the limitations of the selected model,
the results of the decision tree should be taken with caution. A
prospective validation with embryos without known implan-
tation data would be relevant to confirm its effectiveness in
any other scenario.

In conclusion, in our hands, the morphokinetic parameters
make it possible to differentiate the embryos with the best
implantation ability, although the classical morphological
score continues to be the most important parameter in our
decision tree. We recommend that centres that include TL
technology in their laboratories adopt their own embryo selec-
tion protocol in accordance with their relevant morphokinetic
parameters, since there are slight differences in each centre’s
division times.
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