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Abstract
Purpose We investigated if automated TLI selection may be a valuable strategy to identify those euploid embryos with the best
chances of success.
Methods This is a unicentric and retrospective study involving 244 patients undergoing preimplantational genetic screening
(PGS) cycles with autologous oocytes or oocyte donation (OD) with single euploid embryo transferred. We examined euploid
embryos selected for transfer based on morphology evaluation alone (PGS-only; control group) or by assessment using an
automated TLI system (Eeva™; PGS-TLI group).
Results In both, autologous oocytes and OD patients, significantly better implantation and clinical and ongoing pregnancy rates
were obtained in the PGS-TLI group when euploid embryos with high implantation potential as predicted by the automated TLI
System (Eeva™) were transferred compared with the PGS-only group. This improvement was also observed when only transfers
of good morphological quality embryos were compared. TLI categories showed significant differences on blastocyst formation
and euploidy rate.
Conclusions Automated TLI combined with PGS is a useful prognostic tool to identify euploid embryos with the highest
potential for implantation and pregnancy. Further, these results provide evidence that a healthy pregnancy does not only depend
upon normal chromosomal status.

Keywords Preimplantationgeneticscreening .Automatedtime-lapseimaging . Invitrofertilization .Oocytedonation .Pregnancy
rates

Background

The main goal of assisted reproduction techniques (ART) is to
achieve a successful single healthy birth in the shortest time.

However, many cases do not accomplish this partly due to the
difficulty of selecting the highest quality embryo, and often
leads to the transfer of more than one embryo at a time. This
subsequently increases multiple birth rates, which are
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associated with medical risks and financial costs [1, 2].
Advances in embryo culture and cryopreservation have led to
improved implantation and pregnancy rates [3, 4] and conse-
quently, some countries have moved to a single-embryo trans-
fer policy [5–7]. However, improved selection strategies are
still needed in order to achieve higher pregnancy rates per
transfer, reducing time to pregnancy while being cost-efficient.

Traditionally, embryo selection for transfer has been per-
formed by microscopic evaluation of morphology at specific
times of embryo development [8]. Morphology can be
assessed at any stage of embryo development, and numerous
studies have linked morphological characteristics at different
developmental stages with ART outcomes [9–11]. Lately, the
usefulness of this assessment is being questioned due to judg-
ment subjectivity and low success rate [12]. In recent years,
alternative methods for embryo selection have been developed
[13] such as preimplantational genetic screening (PGS), which
provides chromosomal analysis to improve clinical outcomes
when transferring a single embryo. The presence of chromo-
somal abnormalities (i.e., aneuploidy) in human embryos is
one of the main causes of implantation failure and miscarriage
[14–17].

Thus far, PGS has shown positive results, improving preg-
nancy rates per transfer in poor and good prognosis patients,
and egg donation cycles [18]. Results from four randomized,
controlled trials (RCTs) performed with good prognosis pa-
tients undergoing in vitro fertilization (IVF) confirmed that
aneuploidy analysis in human blastocysts and selection of
euploid embryos for transfer significantly improves clinical
outcomes, compared with selection by morphology only.
These findings were valid regardless of the genetic platform
used [19–25].

Although these results are encouraging, there are still cases
of euploid embryos with good morphology that fail to implant
[3]. Moreover, selection of euploid embryos by morphology
can translate into the same implantation rates independently of
the blastocyst grade [26]. Therefore, additional markers of
embryo viability are needed to identify embryos with the
highest potential to produce a healthy pregnancy, and several
have been proposed [27, 28]. Some such as mitochondrial
DNA quantification has been suggested as a complement
existing method of identifying embryos with the highest
chances of implanting [29, 30], while others such as proteo-
mics findings were initially suggested as independent markers
of embryo quality. However, the clinical value of these tech-
niques are still under review and not routinely used in IVF
laboratories [27, 31–33].

Among these newly developed techniques of embryo se-
lection, one of the most widely applied in recent years is time-
lapse imaging (TLI). This tool provides a non-invasive alter-
native to static morphological assessment of embryos,
allowing the observation of cellular events that would remain
undetected by conventional methods. Such technology also

provides the opportunity to identify and record timing, and
other kinetic parameters potentially valuable for embryo de-
velopment and implantation competence assessment [34].

One of the first relevant studies revealed the correlation
between early time-lapse parameters and gene expression pro-
filing, suggesting that blastocyst formation can be predicted
systematically and reliably by four-cell stage. These findings
also showed that these timings are previous to the early ge-
nome activation, meaning that the fate of the embryo is decid-
ed partly by the inheritance of maternal transcripts [34].
Subsequently, these parameters were found to be associated
with euploidy, where all euploid embryos were comprised
within normal timings but only 30% of the aneuploid embryos
[35].

Based on these previous studies, an automatic TLI system,
Eeva™, was developed and commercialized for human em-
bryo evaluation, classifying embryos into categories depend-
ing on early cleavage timings P2 (duration of 2 cell stage) and
P3 (duration of 3 cell stage), being the first time-lapse system
FDA cleared to aid embryo selection. Numerous studies have
demonstrated that these parameters are correlated to the pre-
diction of blastocyst formation [36], implantation rates [37,
38], and ongoing pregnancy rates [39, 40]. Unlike other
time-lapse systems, Eeva has demonstrated improved embryo
selection among embryologist with diverse experiences when
used adjunctively with morphology [36, 41].

Moreover, many studies have found correlations between
diverse morphokinetic markers and embryo morphology,
blastocyst formation, pregnancy, implantation, and miscar-
riage rates, most of which are also focused on early cleavage
markers [42–45]. In fact, several RCTand meta-analysis stud-
ies highlight the benefits of TLI for embryo selection [46–49].

Additionally, TLI has also been proposed as an alternative
to PGS to predict euploid embryos. A recent study found a
correlation between early cleavage timing parameters and em-
bryo chromosome status and proposed an algorithm to classify
the embryos [50]. Vera-Rodriguez and colleagues similarly
found a relation between some time-lapse parameters and eu-
ploidy, and also with specific gene expression patterns [51]. A
further study described the relation between late time divisions,
such as time to full blastocyst formation, and euploidy rate
[52]. However, none of these studies demonstrated that TLI
was sufficient to predict and identify euploid embryos.
Moreover, studies attempting to validate both algorithms pre-
viously proposed for euploidy prediction, based on early or late
cleavage timings, found no correlation [53–55]. Therefore, lat-
est evidence points out that TLI cannot be used as a substitute
for PGS.

Combining embryo selection techniques is the next logical
step to producing superior results versus those obtained
through the application of a single technique. A study detail-
ing the combination of PGS and time-lapse imaging systems,
which is more available and commonly used in IVF
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laboratories, investigated the effect of selecting competent
embryos among euploid ones by an algorithm based on
morphokinetic markers previously described by Meseguer et
al. [43]. The authors concluded that this combination achieves
better pregnancy and implantation rates in IVF patients than
selection by morphology alone [56]. However, it is clear that
further research is necessary to understand the relationship
between time-lapse parameters and the genetic status of the
embryo, as well as its usefulness in clinical practice. In this
study, we aim to provide information on the ability of the
automated TLI system Eeva to diagnose euploidy and/or other
parameters of embryo quality in order to identify the most
competent embryo. We also investigated whether the combi-
nation of PGS by next-generation sequencing (NGS) with an
automatic TLI might be a better embryo selection strategy to
improve ART outcomes than PGS only and conventional
morphology.

Methods

This study was approved by the IVF-Spain institutional re-
view board. This was a retrospective review of records for
patients treated in our center between October 2013 to
February 2016.

Patient selection

The study included 244 patients undergoing ART treatment
with PGS with either autologous (n = 81) or donated oocytes
(n = 163). All patients had a bodymass index of > 18–< 25 kg/
m2 and had undergone single euploid embryo transfer. All
oocyte donors were selected according to Spanish Law 14/
2006, governing ART, were between the ages of 19–34 years,
had normal menstrual cycles (26–34 days), showed no signs
of polycystic ovary syndrome, and had received no endocrine
treatment for the 3 months prior to the cycle under study. For
autologous cycles, patients with follicle-stimulating hormone
(FSH) < 12 mIU/ml and a minimum follicular count of six
follicles were included. Patients presenting with uterine dis-
eases and endometrial factors were excluded. All patients in-
cluded in the study requested PGS due to either one or more of
the following reasons: (1) unexplained recurrent miscarriage
with two or more pregnancies lost; (2) repeated implantation
failure after three or more embryo transfers; (3) previous an-
euploid conceptions; and (4) sperm concentration < 1 M/ml
from a testicular sperm sample.

Participants from both autologous and donated oocytes
were divided into two groups: the PGS-only group (n = 37
autologous and 64 donated), where embryos were cultured
into a conventional incubator at 6% CO2 and 5% O2 with
95% humidity, and embryos were selected for single transfer
following euploidy criteria only; the PGS-TLI group (n = 44

autologous and 99 donated) where embryos were cultured into
a conventional incubator at the same conditions with the ad-
dition of individual cameras connected to the automated time-
lapse system Eeva™ (Auxogyn,Inc., Menlo Park, CA, USA)
and were selected for transfer based on both PGS and TLI
predictions. Once the requirements of embryo selection within
each group were met, the best morphological quality embryo
available was transferred.

Ovarian stimulation in autologous patients
and oocyte donors

Gonadotropin-releasing hormone (GnRH) antagonist treat-
ments (Ganirelix acetate injection; Orgalutran®; Merck and
Co, Inc., USA) were used for controlled ovarian stimulation
for autologous patients and oocyte donors. Ovarian stimula-
tion was achieved using gonadotrophins (FSH and luteinizing
hormone (LH)), and the dosagewas adapted depending on age
and follicular count (mean 150–225). LH was additionally
given to patients over 38 years old. The patients were moni-
tored using serial transvaginal ultrasound, assessment of the
endometrial lining, and estradiol and progesterone levels.
When a diameter of 19 mm was reached by at least three
follicles, this triggered administration of a GnRH analog
(Procrin®; Abbott Laboratories, Abbott Park, IL, USA) for
final oocyte maturation. For all patients, oocyte retrieval was
performed under transvaginal ultrasound guidance at 36 h af-
ter the trigger administration.

Ovum pick up and fertilization

For all cycles, follicles were aspirated and the oocytes were
washed in Multipurpose Handling Medium™ (MHM™,
Irvine Scientific, USA). After washing, oocytes were cultured
in Continuous Single Culture™ (CSC™, Irvine Scientific,
USA) and covered with light mineral oil (Irvine Scientific,
USA) at 6% CO2 and 37 °C for 2 h prior to oocyte denudation
if utilizing intra-cytoplasmic sperm injection (ICSI) and 4 h
without denudation if IVF. Oocyte denudation was performed
by mechanical pipetting of 80 IU/ml hyaluronidase (GM501
Hyaluronidase, Gynemed, Germany) in the same medium.
Subsequently, 4 h after egg retrieval, fertilization was per-
formed by ICSI or IVF, only performed when normozoosper-
mic sample was available. All sperm samples were prepared
by swim up in MHM for ICSI and CSC for IVF. ICSI was
performed in MHM containing HEPES at × 400 magnifica-
tion using a NIKON Eclipse TI-u. The injected oocytes were
then immediately placed in CSC covered with light mineral oil
at 6% CO2 and 37 °C until fertilization assessment. IVF was
performed in 20 μl/ml of CSC with a final sperm concentra-
tion of 1 M/ml. Oocytes were cultured individually overnight
at 6% CO2 and 37 °C until the fertilization assessment.
Fertilization was assessed 16–18 h post-fertilization and
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confirmed by visualization of two pronuclei and two polar
bodies using an inverted microscope. All zygotes were placed
into a group culture dish for TLI.

Embryo culture, scoring, trophectoderm biopsy,
and genetic analysis

All zygotes were cultured until blastocyst stage in the TLI dish
(Eeva®, Merck, Germany) with 100 μl of CSC covered with
3 ml of light mineral oil at 37 °C, 6% CO2 and 5%O2, regard-
less of the group. Zygotes from the PGS-only group were
placed into conventional incubators (Labotect C60,
Göttingen, Germany) and evaluated under microscope.
However, for the PGS-TLI group, zygotes were cultured at
the same conditions into conventional incubators (Panasonic
MCO-5MPE, Japan) with the TLI system incorporated inside.
All embryos were evaluated morphologically on Days 2 and
3. The parameters analyzed were number of cells, symmetry,
and fragmentation among others, as described by the Spanish
Society of Reproductive Biology [57]. On Day 3, assisted
hatching was performed to all embryos to facilitate
trophectoderm extrusion for posterior biopsy.

Embryos within the TLI incubator (Eeva®, Merck,
Germany) were evaluated through a screen, avoiding the need
of disturbance. The TLI system consists of a camera placed
inside a conventional incubator which produces dark-field im-
ages, allowing automatic cell-division tracking. TLI automati-
cally calculates the time division of the embryos from two- to
three-cell-stage (P2) and from three- to four-cell-stage (P3).
Depending on these timings (P2 and P3), the system automat-
ically generates on Day 3 a prediction categorizing each em-
bryo as high,medium, or low. These categories are related to its
developmental potential to reach to blastocyst stage, being
high category with the best prognosis (Supplemental Fig. 1).
Once the prediction was obtained on Day 3, embryos were
moved from the TLI for assisted hatching and placed into
conventional incubators (Labotect C60, Göttingen, Germany)
until blastocyst stage.

None of the embryos were morphologically assessed on
Day 4 of embryo development.

Once the embryos reached the blastocyst stage, they were
evaluated for grade of expansion, inner cell mass, and
trophectoderm quality as described by Gardner et al. [58, 59].
Blastocyst quality was assessed prior to the trophectoderm
biopsy and classified into three groups: good (AA, BA, and
AB), fair (BB, AC, and CA), and poor (BC, CB, and CC),
independent of the grade of expansion. Blastocysts were
biopsied when the grade of expansion and the number of cells
were adequate, all were performed between Days 5 and 7when
three–five cells had hatched. Trophectoderm cells were aspi-
rated into a biopsy pipette and separated from the blastocyst by
applying laser pulses (ZILOS-tk® Laser, Hamilton Thorne
Research, USA). The biopsied cells were washed with PBS

1× (Cell Signaling, USA) at 0.1% PVA (Sigma Aldrich,
USA) and placed into sterile 0.2 ml PCR tubes (Eppendorf,
Germany). All biopsy andmanipulation procedures were com-
pleted under conditions controlled for temperature, gas, and
humidity. The biopsied samples were sent to an external labo-
ratory at 4 °C for genetic analysis by NGS (Ion Torrent,
Thermo Fisher Scientific, USA). Following the biopsy, all
blastocysts were vitrified using the Kuwayama protocol and
stored in liquid nitrogen until results were available [60].

Embryo selection and transfer

Patients received substitutive hormonal treatment with 6 mg/
day of oral estradiol valerate (Progynova, BAYER, Germany)
for at least 14 days, or until their endometrium lining was >
7 mm as confirmed by echography. For the luteal phase,
400 mg of vaginal progesterone was administered every
12 h. For patients with ovarian function, a GnRH agonist
was administered in the previous luteal phase.

Only euploid embryos were candidates for single-embryo
transfer. For the PGS-only group, the highest morphological
quality embryo was selected for transfer. In case of two equal-
ly graded blastocysts, best embryo development on Days 2
and 3 was prioritized. In the PGS + TLI group, selection
was made based on TLI classification criteria, the highest
TLI-classified embryo and best morphology available was
selected for transfer. All transfers were performed in a subse-
quent cycle with frozen-thawed embryos under hormone re-
placement treatment. After 2 h post-thawing [60], survival and
re-expansion were assessed. Embryo transfer was performed
by vaginal ultrasound and soft catheter. The embryo was
placed at 1 cm of uterine fundus in CSC medium previously
drawn into the catheter.

Data collection and statistical analysis

Implantation and clinical and ongoing pregnancy rates were
compared for the PGS-only and PGS + TLI groups.
Implantation rate was considered when an intrauterine gesta-
tional sac was confirmed at the 6th week. Clinical pregnancy
was determined by intrauterine gestational sac with fetal heart-
beat, visualized by ultrasound examination at Week 8 follow-
ing embryo transfer. Ongoing pregnancy was considered con-
tinuing pregnancy at > 12 weeks of gestation. Other variables
such as fertilization, blastocyst presence, blastocyst quality,
and euploidy were analyzed for both study groups. Euploidy
and blastocyst rates per TLI category were also studied.

t test was used to compare patient characteristics between
the study groups. Significant differences between clinical out-
come values from the study groups were explored using X2

goodness-of-fit test.
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The statistical analyses were performed using SPSS (IBM
SPSS Statistics 22.0, USA). A two-tailed p value of< 0.05 was
considered statistically significant.

Results

Patients’ characteristics

Clinical characteristics of the patients included in the study are
detailed in Table 1. PGS-only control and TLI + PGS groups
were comparable in both, patients seeking treatment with their
own eggs and patients seeking ovodonation treatment. No
significant differences in number of elective SET (eSET),
age, MII numbers, fertilization, blastocyst, good morphologi-
cal quality blastocyst, and euploidy rates were found between
the groups.

Automated TLI prediction results: classification,
blastocyst, and euploidy rate

Using TLI, by Day 3, approximately half (53.1%) of the em-
bryos from the autologous oocytes group were classified as
low developmental potential, with a quarter (22.5%) classified
as high developmental potential and the other quarter (24.4%)
as medium (Fig. 1a). Of the OD embryos, more were desig-
nated as high potential (31.8%) with only 40.4% being clas-
sified as low developmental potential and 27.8% as medium.

The blastocyst rate was higher in both the autologous and
OD for the high-classified embryo groups compared with the
medium and low categories, being significantly lower for the
low category in the IVF group, and significantly lower at each
step down in classification in the OD group (Fig. 1b). Due to
that, the percentage of embryos biopsied from each category
at blastocyst stage switch, being 36.8% of the autologous and

44.3% of the OD embryos biopsied from the high Eeva cate-
gory and only 29.8 and 24.4% from the low category. So, after
blastocyst culture, the availability of blastocyst for biopsy
from the embryos classified on Day 3 as low development
potential is much lower than embryos classified as medium
and high development potential (Supplemental Fig. 2).

Regarding euploidy, the percentage of genetically normal
embryos was similar in both OD and own eggs groups (Table
1). When analyzing euploidy per TLI category, no significant
differences were observed in euploidy rates between high and
medium TLI-classified embryos, but a significantly lower eu-
ploidy rate was found in the low developmental potential cat-
egory. This was the case for both autologous oocytes and OD
embryos (Fig. 1c).

Clinical outcomes of PGS and PGS + TLI groups

Regarding clinical outcomes, all variables measured (implan-
tation and clinical and ongoing pregnancy rates) were signif-
icantly improved by combining PGS and Eeva TLI system
prediction for embryo selection compared with PGS alone
for both autologous oocytes and OD cycles transfers
(Table 2). Significantly higher implantation, clinical and on-
going pregnancy rates were observed in the PGS-TLI group
cases where euploid embryos categorized as high implantation
potential by the Eeva TL systemwere transferred as compared
with the PGS-only control group where the best morphologi-
cally available euploid embryo was selected for transfer. No
such differences were found when pregnancy rates from trans-
fers of euploid embryos classified as medium or low by Eeva
were compared with controls. This improvement of selecting
high-Eeva-classified euploid embryos was also observed
when only good morphological quality embryos were trans-
ferred (AA, AB, or BA according to Gardners criteria were
analyzed) (Fig. 2). The TLI + PGS combined selection of

Table 1 Clinical characteristics for patients seeking treatment with autologous oocytes (IVF) and OD cycles in the study groups (PGS only and TLI +
PGS)

Parameters IVF cycles OD cycles

PGS only TLI + PGS p value* PGS only TLI + PGS p value¥

Number of transfers 37 44 64 99

Number of eSET transfers (%) 23 (62.2%) 28 (63.6%) N.S. 61 (95.3%) 94 (94.9%) N.S

Age 38.62 ± 0.53 37.77 ± 0.45 N.S. 42.52 ± 0.73 43.07 ± 0.44 N.S.

Number of MII 13.76 ± 1.09 12.14 ± 0.90 N.S. – – –

Fertilization (%) 82.85 ± 1.93 81.14 ± 1.68 N.S. 84.13 ± 1.03 84.43 ± 0.92 N.S.

Blastocyst (%) 48.17 ± 3.21 46.53 ± 3.00 N.S. 53.85 ± 1.85 56.94 ± 1.75 N.S.

GQ blastocyst (%) 32.01 ± 3.63 28.1 ± 3.50 N.S. 40.72 ± 2.58 40.57 ± 2.04 N.S.

Euploid (%) 46.59 ± 3.89 53.86 ± 3.22 N.S. 56.89 ± 2.62 58.89 ± 1.97 N.S.

NS, non-significant

*p value < 0.05, significant level; ¥ p value < 0.05, significant level (groups were compared using a t test)
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embryos strategy rendered 2× pregnancy rates compared with
the ones obtained by the selection of good morphological
quality euploids.

Clinical outcomes depending on blastocyst
morphology and day of biopsy

Finally, all euploid transfers were compared, regardless of
conventional incubation or TLI, and classified bymorphology
(good, fair, and poor) and day of biopsy (Day 5 or 6). Two
embryos transferred (one from autologous and the other from
OD group) were Day 7 and not included in this analysis. No
significant differences were found between transfers of eu-
ploid embryos of good, fair, or poor morphological quality,
neither in autologous oocytes or OD cycles (Supplemental
Table 1). Biopsy day, however, showed an influence on autol-
ogous treatment outcomes. Day 5-biopsied embryo transfers
were associated with improved implantation and clinical and
ongoing pregnancy rates (Supplemental Table 1).

Discussion

Embryo selection methods are essential to increase the effica-
cy of ART, promote single embryo transfer, and reduce time
from treatment start to live birth. Morphology evaluation re-
mains the primary method of embryo assessment, in most IVF
centers worldwide in spite of the numerous studies reporting
relatively low pregnancy rates using this method [61]. Even
the highest morphological quality embryo can fail to implant,
and there have been several reports of cases of top-quality
blastocysts being aneuploid [12, 26]. Still only one third of
embryo transfers are successful. Therefore, improvements can
still be implemented by the study including introduction of
additional techniques such as PGS, TLI, or both combined.

Our data adds to that previously published in which the
automatic algorithm applied by Eeva improves implantation
rates, even allowing for varied protocol conditions [36, 37].
Researchers have agreed that clinical parameters are minimal-
ly affected by culture media type [62], oxygen concentration
[63], stimulation protocol [64], insemination method [65, 66],
and other confounding factors that may affect embryo kinet-
ics. Our data also confirms previous studies which have dem-
onstrated that Eeva categories are correlated with the proba-
bility of blastocyst formation [39, 67], as the low prediction
category is highly correlated with a small blastocyst rate.

Our study indicates that TLI technology cannot substitute
PGS when selecting a euploid blastocyst, since the euploidy
accuracy only reaches 60–65% and is similar among high and
medium categories after blastocyst culture. However, there is
a better chance of selecting a euploid embryo from these cat-
egories than from the low category, as reported by previous
researchers [35], which could explain previously reported bet-
ter implantation results using the high and medium categories
[39]. Since all embryos transferred were euploid and signifi-
cant differences in implantation and clinical and ongoing
pregnancy rates were found, this highlights that kinetics might
be related to different embryo viability factor rather than chro-
mosomal status. This data could support the idea of Eeva time-
lapse parameters could be related to specific gene expression
patterns as previously described by Wong which would deter-
mine the fate of the embryo [34] Moreover, mouse models
have previously been used to show the relationship between
time-lapse parameters and metabolic profiles, proposing the
use of viability markers in combination with TLI to increase
embryo selection efficacy [28, 68]. The objectivity afforded
by PGS and TLI compared with blastocyst morphology when
selecting embryos resulted in improved pregnancy rates for
IVF and OD patients, than based on morphology only.

One article has previously been published combining the
same methods for embryo selection by Yang et al. [56].
However, there are differences between the studies in the pa-
tient population (IVF patients age) and methods applied (type
of time-lapse system (manual Embryoscope), type of

* In all cases p<0.05. p-values were calculated by Chi- square test.

IVF CYCLES OD CYCLES

22,5% 31,8%

24,4%
27,8%

53,1% 40,4%

Day 3 embryos - Categories distribu�on

HIGH
MEDIUM
LOW

N = 383 embryos N = 1099 embryos

a

72.4
81,4*

60.6
65,9*

24,9* 35,4*

IVF CYCLES OD CYCLES

Blastocyst rate (%)

HIGH

MEDIUM

LOW

b

87 94 205 350 305 444

58.7 57.961.4 65.7

29,4*

47,8*

IVF CYCLES OD CYCLES

Euploidy rate (%) HIGH

MEDIUM

LOW

c

63 57 51 285 201 157

Fig. 1 Distribution of Day 3 (a), blastocyst (b), and euploid (c) rate by
TLI Eeva categories for autologous oocytes (IVF) and OD embryos
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morphokinetics markers [43], and the use of all fresh trans-
fers). This prospective study using sibling oocytes, investigat-
ed only a small number of transfers and included both double
and single embryo transfers. Importantly, different oxygen
levels were used for the time lapse (5%) and the standard
incubator (20%) for blastocyst culture. The advantages of a
low oxygen concentration in blastocyst culture have previous-
ly been demonstrated [69], hence benefitting the time-lapse
group in Yang’s study and blurring the effect of selection by
morphokinetic parameters.

To the best of our knowledge, this is the first study com-
bining PGS analysis by NGS with automated TLI for embryo
selection. This investigation demonstrates that the combina-
tion of the aforementioned techniques is useful as a prognostic
tool to identify the embryos with the highest potential of de-
veloping into a healthy baby, maximizing the chances of a
successful pregnancy. In fact, there were significant differ-
ences for all the clinical results analyzed in favor of combining
PGS with TLI versus PGS alone. Importantly, the two groups
remained significantly different when comparing the transfer

* Groups are significantly different to control group (only PGS) by X2 test, p-value <0.05. 

* Groups are significantly different to control group (only PGS) by X2 test, p-value <0.05. 

35.1 36.0

80,0* 81,3*

35.1 36.0

75,0*
81,3*

only PGS (n=37) GQ only PGS (n=25) HIGH +PGS (n=20) GQ HIGH+PGS (n=16)

IVF PATIENTSImplanta�on Rate

Ongoing pregnancy

a

60.9 63.0
73,4* 74,1*

50 53.7

67,2* 67,2*

only PGS (n=64) GQ only PGS (n=54) HIGH+PGS (n=64) GQ HIGH+PGS (n=58)

OD PATIENTSImplanta�on rate

Ongoing pregnancy

b

Fig. 2 Implantation rates and
ongoing pregnancy rates
comparing all transfers to only
good quality (GQ) embryo
morphology transfers for
autologous oocytes (IVF) (a) or
OD (b) cycles

Table 2 Clinical results of autologous oocytes (IVF) and OD cycles comparing PGS only control group and PGS + TLI group transfers of different
TLI-classified embryos

IVF cycles OD cycles

only PGS High + PGS Medium + PGS Low + PGS Only PGS High + PGS Medium + PGS Low + PGS

Total transfers 37 20 18 6 64 64 28 7

Implantation rate (%) 35.1 80.0* 55.6 33.3 60.9 73.4¥ 53.6 14.3

Clinical pregnancy (%) 35.1 80.0* 55.6 33.3 56.3 71.9¥ 46.4 14.3

Ongoing pregnancy (%) 35.1 75.0* 50.0 33.3 50 67.2¥ 42.9 14.3

*p < 0.05, groups are significantly different to control group (only PGS) by X2 goodness of fit; ¥ p < 0.05, significance level (groups are significantly
different to control group (only PGS) by X2 goodness of fit
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of only good morphological quality embryos transferred and
also independently of the oocyte source: autologous or donor.

Thus, our research offers further insights into embryo via-
bility, demonstrating that a successful transfer does not only
depend on a normal chromosomal status of the embryo. Since
ploidy was assessed by NGS in all groups, a standardized
study sample was used to show the effects of embryo selection
by morphology and morphokinetics parameters. Further, our
study also included OD patients, who displayed a wide eu-
ploidy rate range from 16 to 100%, compared with the 60%
mean (approximate).

Although many previous studies have supported TLI as an
objective embryo selection method, they have been heavily
criticized due to the variability in culture conditions of the
groups compared. In our study, both groups were cultured in
identical culture conditions (samemedia, dishes, CO2, O2, and
humidity levels). However, one limitation of our study is the
use of different conventional incubator brands from Days 1 to
3 in each group, adding a possible disparity. Another differ-
ence between groups is that embryos from the PGS-TLI group
were not disturbed on Day 2 for morphology observation.

A remaining question to be answered is whether the com-
bination of morphology grade on Days 2 and 3 plus blastocyst
quality might be useful when selecting the embryo with the
highest potential. Although blastocyst morphology is recom-
mended to be assessed independently of its grade on Days 2
and 3, in the control group (PGS-only), Days 2 and 3 scores
were used as second criteria in the case of similar blastocyst
morphology grade in counterpart of the TLI-PGS group that
uses two selection criteria in every case. Some authors already
addressed this question in order to see the applicability of
using Day 2 or 3 morphology scores as predictors of better
outcomes with no success [70]. However, it remains unan-
swered whether this could be a good second criterion to select
euploid blastocyst.

Our study complements previously published data [26].
We could not find a significant difference in clinical outcomes
for any blastocyst morphology grade independently of the
source of the eggs in contrast with recent publication that
correlated blastocyst morphology especially inner cell mass
with ongoing pregnancy rates [71]. However, our number of
cases per group is limited and we could not consider the grade
of expansion due to the performance of assisted hatching on
Day 3.

On a general note, and as described in previous studies
[72], differences in clinical results from Days 5 and 6 blas-
tocysts in IVF-PGS patients were found. Although this was
seen in a low number of cases, it would be advisable to
transfer Day 5 embryos, if possible. Conversely in OD, the
day of embryo biopsy (Day 5 or 6) did not affect clinical
results, maybe due to the fact that oocyte quality is suppos-
edly better. However, further studies are needed to confirm
such hypothesis.

Conclusions

Although this investigation is limited by its retrospective na-
ture, our research demonstrates that the correct number of
chromosomes in the embryo is no guarantee for a successful
pregnancy and provides further evidence that blastocyst mor-
phology should not be solely relied upon for embryo selec-
tion. Moreover, the combination of PGS with TLI provides
more information about developmental competence and em-
bryo viability allowing the achievement of pregnancy rates
close to 80–90%. Ideally, further prospective RCTs should
be performed to show the benefit of PGS and automatic
TLI. These trials should involve not only good prognosis pa-
tients and egg donors, but also poor prognosis patients, who
provide the biggest challenge to overcome in improving fer-
tility treatment.
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