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Abstract
Purpose Since many transferred, good morphology embryos
fail to implant, technologies to identify embryos with high
developmental potential would be beneficial. The Eeva™
(Early Embryo Viability Assessment) Test, a prognostic test
based on automated detection and analysis of time-lapse

imaging information, has been shown to benefit embryo se-
lection specificity for a panel of three highly experienced
embryologists (Conaghan et al., 2013). Here we examined if
adjunctive use of Eeva Test results following morphological
assessment would allow embryologists with diverse clinical
backgrounds to consistently improve the selection of embryos
with high developmental potential.
Methods Prospective, double-blinded multi-center study with
54 patients undergoing blastocyst transfer cycles consented to
have embryos imaged using the Eeva System, which automat-
ically measures key cell division timings and categorizes
embryos into groups based on developmental potential. Five
embryologists of diverse clinical practices, laboratory train-
ing, and geographical areas predicted blastocyst formation
using day 3 morphology alone and day 3 morphology follow-
ed by Eeva Test results. Odds ratio (OR) and diagnostic
performance measures were calculated by comparing predic-
tion results to true blastocyst outcomes.
Results When Eeva Test results were used adjunctively to
traditional morphology to help predict blastocyst formation
among embryos graded good or fair on day 3, the OR was
2.57 (95 % CI=1.88–3.51). The OR using morphology alone
was 1.68 (95 % CI=1.29–2.19). Adjunct use of the Eeva Test
reduced the variability in prediction performance across all five
embryologists: the variability was reduced from a range of 1.06
(OR=1.14 to 2.20) to a range of 0.45 (OR=2.33 to 2.78).
Conclusions The Eeva Test, an automated, time-lapse enabled
prognostic test, used adjunctively with morphology, is infor-
mative in helping embryologists with various levels of expe-
rience select embryos with high developmental potential.

Keywords In-vitro fertilization . Time-lapse imaging . Cell
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Capsule The Eeva Test is highly informative and, when used adjunctively
to morphology, allows embryologists from diverse clinical backgrounds
to consistently improve embryo selection.
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Introduction

A major hurdle facing assisted reproductive technology
(ART) professionals is the adoption of elective single embryo
transfer (eSET), which has been stymied by a lack of tools to
confidently select the embryo with highest potential for im-
plantation [1–3]. Today, embryologists select embryos using
morphological assessment at distinct time-points. However,
morphological assessment is prone to inter- and intra-observer
variation and has been shown to have limited predictive ability
[4, 5]. Although culture to the blastocyst stage is increasingly
practiced to narrow down which embryo(s) should be trans-
ferred [2, 6, 7], it prolongs the embryo’s exposure to in vitro
conditions, which is unsuitable for patients who have few
embryos to culture and has been linked to a potentially in-
creased risk of epigenetic disorders and preterm delivery
[8–12]. Overall, despite efforts to transfer only good morphol-
ogy embryos on day 3 or day 5, more than 50 % of embryos
selected by morphology alone fail to implant [13].

In order to drive confidence for eSET, approaches that can
add quantitative and reliable information regarding embryo
developmental potential must be demonstrated [14]. One such
approach is to subject the embryo to an invasive, diagnostic
test, such as pre-implantation genetic screening (PGS), to
increase the chances of selecting a genetically normal and
therefore implantable embryo [15–17]. Another option is to
non-invasively extract prognostic information in order to im-
prove the odds of selecting an embryo with high developmen-
tal potential [17–19]. In the latter case, time-lapse imaging has
shown significant promise by enabling assessment of embryo
dynamics and critical milestone achievements over multiple
embryo development stages in vitro [18]. The potential of
time-lapse imaging was demonstrated by Wong et al., who
first established that early cell divisions could be used for
embryo assessment and prediction of embryo development
[19], and Meseguer et al., who later correlated early cell
division timings with embryo implantation data [20]. The
critical time-lapse biomarkers that were first shown to be
predictive of successful embryo development were P2 (dura-
tion of the 2-cell stage [19], also called cc2 and t3-t2 [20]) and
P3 (duration of the 3-cell stage [19], also called S2 and t4-t3
[20]). Subsequent studies confirmed the importance of these
early non-invasive biomarkers and added other parameters
(e.g., ICSI to 5-cell, ICSI to 8-cell) that, together with P2
and/or P3, could differentiate viable embryos defined by
blastocyst quality, implantation after day 3 transfer, and chro-
mosomal abnormality (aneuploidy) at the cleavage-stage
[21–23, 18, 24]. For those time-lapse markers that have been
consistently predictive across platforms and clinics, hierarchi-
cal selection models have been proposed [21, 14, 25, 26].
However, the majority of these embryo selection models
should be considered with caution as they have been generat-
ed with data from a single clinic, have not been validated on

independent data for their original endpoint, and have not
been demonstrated to improve selection over traditional
morphology.

While the prevailing literature has anticipated the potential
of using time-lapse information to aid embryo selection, only
one report has tested this hypothesis directly. Conaghan et al.
described: (1) development of a novel, automated, time-lapse-
based predictive test (The Eeva™ Test), (2) validation of the
automated and predictive test on a large, independent set of
data, and (3) embryo assessment results after three experi-
enced embryologists used the test adjunctively tomorphology,
compared to morphology alone [14]. The Conaghan study
focused on evaluating the specificity and positive predic-
tive value (PPV) of blastocyst predictions made by three
experienced embryologists who participated in the devel-
opment of the Eeva Test. This was an important and
pioneering first step in the validation of the Eeva Test;
however, confirmation that the test is reproducible in the
hands of a broader range of users with varied back-
grounds and experience levels is also needed.

Here, we present results from a new panel of five embry-
ologists representing a diverse range of practices, laboratory
training, and geographical areas, who used the Eeva Test
adjunctively to morphology to make embryo assessments.
The purpose of the study was to evaluate if adjunct use of
the Eeva Test was consistently informative in predicting blas-
tocyst formation, for these five embryologists. Therefore,
odds ratios, indicating whether adjunctive assessment was
informative (better than random prediction), were calculated
for each embryologist and compared. Diagnostic performance
measures (specificity, sensitivity, PPV, negative predictive
value (NPV)) were also evaluated. Because the Eeva Test is
intended for use as an adjunct to traditional morphology, odds
ratios and diagnostic performance measures were evaluated
for all embryos, and for a subset of morphologically good/fair
embryos that are candidates for embryo selection.

Materials and methods

Study design

This was a prospective, double-blinded, multi-center study,
designed to evaluate the odds ratios for methodologies used
for embryo assessment: day 3 morphology alone and day 3
morphology followed by Eeva Test results. Data used for the
study were collected from June 2011–April 2012 as reported
in Conaghan et al. [ClinicalTrials.gov NCT01369446] [14].
Briefly, the data included N=758 embryos from 54 patients
who were undergoing blastocyst transfer cycles and consented
to have their embryos imaged using the Eeva System. Women
who were undergoing fresh in vitro fertilization (IVF) treat-
ment using their own eggs or donor eggs, were ≥18 years of
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age and had a total antral follicle count of at least 8 as imaged
and measured by ultrasound prior to stimulation were en-
rolled. Other inclusion criteria were fertilization using only
fresh or frozen ejaculated sperm (no surgically removed
sperm) and embryos cultured to day 5. Patients were excluded
if they were gestational carriers, planned preimplantation ge-
netic diagnosis or preimplantation genetic screening, had
reinseminated eggs, had a history of cancer, or were partici-
pating concurrently in another clinical study.

Embryo culture and Eeva imaging

Embryo image sequences (videos) were collected using the
Eeva System as described previously by Conaghan et al. [14].
Specifically, on the day of retrieval (Day 0), oocytes were
fertilized using conventional insemination or intracytoplasmic
sperm injection (ICSI). Immediately following the fertilization
assessment, successfully fertilized oocytes (2PNs) were trans-
ferred to a multi-well Eeva Dish for group-culture and mon-
itoring in a standard incubator. For the collection of these
videos, embryos were cultured per the standard laboratory
protocols of three separate IVF clinics. The embryo data used
for the technology’s development included diversity in the
type of stimulation protocol, culture media and incubation
environment used (5 % and 20 % Oxygen tension) in order
to create a generalizable prediction model that could be ap-
plied across multiple centers. Routine day 3 embryo grading
was performed by laboratory embryologists whowere blinded
to the Eeva information.

Computer-automated assessment of embryo videos was
performed using the Eeva Test, which automatically measures
cell division timings P2 (time between first and second mito-
sis) and P3 (time between second and third mitosis), and
provides a High (Eeva High) or Low (Eeva Low) probability
of blastocyst formation depending on the P2 value (High
range: 9.33–11.47 h) and the P3 value (High range: 0.00–
1.73 h).

Embryologist panel and embryo assessment

The Eeva System is indicated to provide adjunctive informa-
tion on events occurring during the first 2 days of embryo
development that may predict further development to the
blastocyst stage on day 5 of embryo culture. This adjunctive
information aids in the selection of embryo(s) for transfer on
day 3 when, following morphological assessment on day 3,
there are multiple embryos deemed suitable for transfer or
freezing. To evaluate the impact of this intended use, a panel
of five embryologists who were not involved in the embryo
culture and Eeva imaging phase described above was assem-
bled. Instead, these embryologists were naïve Eeva Test eval-
uators, representing a separate and diverse range of clinical
practices, laboratory training, and geographical areas within

the United States. Embryologists 1, 2 and 5 were Senior
Embryologists with more than 10 years of clinical embryolo-
gy experience each, and Embryologists 3 and 4 were Junior
Embryologists with less than 3 years of clinical embryology
experience. The clinics where the embryologists worked
ranged in practice volume from <300 cycles per year
to >1,000 cycles per year, based on 2011 SART
reporting data (www.sartcorsonline.com) [27].

For this study, each of the five embryologists initially
assessed embryos by predicting blastocyst formation using
day 3 morphology alone, then by using day 3 morphology
followed by Eeva Test results. Specifically, for day 3 mor-
phology alone assessment, each embryologist reviewed the
day 3 morphology data for each patient’s cohort of embryos,
including cell number, degree of fragmentation (0 %, <10 %,
10–25 %, >25 %), degree of symmetry (perfect, moderately
asymmetrical, severely asymmetrical), and oocyte age. Each
embryologist then assigned: (1) an overall grade based on day
3 morphology data (A: Good, B: Fair+, C: Fair-, D: Poor), and
(2) a prediction of the outcome as “blastocyst” or “arrested”.
For the adjunct (day 3 morphology followed by Eeva Test)
assessment, the embryologists were provided the same day 3
morphology data, as well as additional Eeva Test results (Eeva
P2 and P3 values, Eeva High or Low scores); they then
assigned a prediction of the outcome as “blastocyst” or
“arrested” to those embryos with a morphological grade of
good or fair.

All data were presented to embryologists as full cohorts of
embryos for each patient. Embryologists made their assess-
ment in isolation from one another. They were blinded to the
clinical site where each subject was enrolled, the fate of the
embryos, the outcomes of the IVF procedures, and the results
from the other embryologists on the panel.

Performance evaluation methods

To quantitatively evaluate the performance of the adjunct
assessment, the odds ratio (OR) for predicting blastocyst
formation was calculated by comparing the embryologist’s
prediction of blast (probability of an event happening) to
whether a blastocyst formed. In this study, blastocyst forma-
tion was defined by blastocysts that were transferred or frozen
on day 5 (quality blastocyst formation). The overall OR for
blastocyst prediction was estimated using a logistic mixed
effects model with both patient and embryologist inputted as
random effects in the model [28]. The individual OR for
blastocyst prediction was calculated for all five embryologists.
Confidence intervals (CI) of the overall OR were calculated
by incorporating the variance within individual embryologist
estimates, as well as the variance between all embryologists.

Diagnostic performance measures of specificity, sensitivi-
ty, positive predictive value (PPV) and negative predictive
value (NPV) and quality blastocyst formations rates were also
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calculated for each embryologist. Averages were calculated
using all five embryologists, and confidence intervals were
estimated by bootstrapping the observed results to account for
correlation among embryos within cohorts.

Statistical analyses

Data and statistical analyses were performed using SAS soft-
ware version 9.2. To obtain the overall OR and calculate the
confidence intervals, the SAS procedure GLIMMIX was used
to perform a logistic mixed effects regression, and the “em-
pirical” option was invoked to obtain a GEE type analysis and
make inferences that are not sensitive to the choice of the
covariance models. A logistic mixed effects model was se-
lected to account for the embryologist and patient as poten-
tially confounding factors in this embryo-level analysis. The
OR and associated confidence intervals significantly greater
than 1 indicated whether a methodology for blastocyst predic-
tion was informative and not due to chance alone. A Chi-
square proportions test was used to compare blastocyst
formation rates for Eeva High vs. Eeva Low groups, and
a p-value <0.05 was considered to be statistically significant.

Results

For this embryo assessment study, data for N=758 embryos
were prospectively collected from 54 patients who had re-
ceived IVF treatment, blastocyst culture and Eeva System
imaging at three U.S. clinical sites [14]. The clinical charac-
teristics of the 54 patients are provided in Table 1.

Eeva Test scores correlate with blastocyst formation rates

Grading assignments of A, B, C and D were made so that
embryologists could simulate the intended use of the Eeva
Test for all embryos (those they graded as A, B, C or D),
followed by a subset of the good/fair morphology embryos
(those they graded as A, B or C). The prevalence of embryos
graded as A, B, C, and D by all five individual embryologists
is provided in Supplementary Figure 1.

Separately, the Eeva Test automatically generated an Eeva
High or Eeva Low score for each embryo, indicating a high or
low probability of blastocyst formation. From the assessed
embryos, 22 % (167/758) were Eeva High, 72 % (548/758)
were Eeva Low, and 6 % (42/758) did not receive a result. For
all embryos graded as A, B, C or D with Eeva scores (n=716),
the blastocyst formation rate (defined as quality blastocysts
that were transferred or frozen on day 5) was 33 % overall,
27 % for Eeva Lows and 54 % for Eeva Highs. For the
good/fair embryos graded as A, B, or C by at least one panelist
with Eeva scores (n=652), the average blastocyst formation
rate was 36% overall, 30% for Eeva Lows, and 55% for Eeva
Highs (Fig. 1). For both populations of embryos, blastocyst
formation rates were significantly higher in the Eeva High
group than in the Eeva Low group (p<0.0001).

Adjunct use of the Eeva Test following day 3 morphology
is informative

Among all embryos, the overall odds ratio across all embry-
ologists using day 3 morphology only to predict blastocyst
formation was 2.69 (95 % CI=2.06–3.50). When day 3 mor-
phology followed by Eeva Test results were used to predict
blastocyst formation among all embryos, the overall odds ratio
across all embryologists was 3.51 (95 % CI=2.62–4.69)
(Fig. 2). Among good/fair morphology embryos, the overall
odds ratio across all embryologists using day 3 morphology
only to predict blastocyst formation was 1.68 (95 % CI=1.29–
2.19). When day 3 morphology followed by Eeva Test results
were used to predict blastocyst formation among the good/fair
morphology embryos, the overall odds ratio across all embry-
ologists was 2.57 (95 % CI=1.88–3.51) (Figs. 2 and 3a).

Adjunct use of the Eeva Test following day 3 morphology
is informative for good/fair embryos

The good/fair morphology embryos were analyzed further,
since these are the embryos for which embryologists need
further prognostic information to aid embryo selection. In this
group of good/fair morphology embryos, the overall odds
ratio for embryologists using day 3 morphology alone was
significantly >1 or random prediction (1.68 vs 1.0,
p<0.0001). The overall odds ratio for embryologists using
day 3 morphology followed by Eeva Test was higher than
morphology alone and significantly >1 or random prediction
(2.57 vs. 1.0, p<0.0001) (Fig. 3a).

Evaluating other diagnostic measures, embryologists using
the Eeva Test as an adjunct to traditional morphology to
predict blastocyst formation significantly improved their av-
erage specificity (76 % vs. 39 % for day 3 morphology alone,
p<0.0001). Sensitivity declined as expected (45 % vs. 72 %
for day 3 morphology alone, p<0.0001) because the Eeva Test
was designed to achieve high specificity to help distinguish

Table 1 Clinical characteristics of the 54 study patients

Demographics (n=54 patients) Mean±SD

Egg age (years) 32.2±5.1

Body mass index (kg/m2) 24.1±4.7

Antral follicle count 22.0±9.2

Number of follicles 21.5±7.8

Number of oocytes 21.5±7.8

Number of 2PN 14.3±5.0
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among the good/fair morphology embryos which have lower
potential of development (false positives). Thus, positive pre-
dictive value (PPV) was significantly improved (54 % vs.
43 % for day 3 morphology alone, p=.02), while negative
predictive value (NPV) was maintained (68 % vs. 68 %)
(Fig. 3b).

Consistency among embryologists

To determine how consistently informative the day 3 mor-
phology followed by adjunct use of Eeva Test was among
individual embryologists, assessments among the good/fair
morphology embryos were further evaluated using the odds
ratio. Adjunct use of day 3 morphology followed by Eeva Test
resulted in odds ratios of 2.51, 2.78, 2.56, 2.63 and 2.33 for
embryologists 1 through 5, respectively. In contrast, using day
3 morphology resulted in odds ratios of 1.14, 2.20, 1.86, 1.61
and 1.68 for embryologists 1 through 5, respectively (Fig. 4).
Thus, when the Eeva Test was used adjunctively to morphol-
ogy, the odds ratio was improved for each embryologist, and
the variability in blastocyst prediction across all five

embryologists was reduced from a range of 1.06 (OR=1.14
to 2.20) to a range of 0.45 (OR=2.33 to 2.78).

Discussion

Although further research is needed, elective single embryo
transfer may be more widely adopted with new prognostic
information that can assist embryologists in their selection of
the embryo most likely to develop. The objective of this study
was to determine whether adjunctive use of the prognostic
Eeva Test with traditional morphology was consistently infor-
mative for embryologists seeking to select embryos with
higher developmental potential. Our results demonstrate that
five embryologists who used the Eeva Test adjunctively with
day 3 morphology each benefited from prognostic informa-
tion that helped them select the embryos with higher devel-
opmental potential.

The degree of benefit to embryologists was quantified by
calculating the odds ratio and other diagnostic measures for

Fig. 1 Eeva High and Eeva Low
scores correlate to a high or low
probability of blastocyst
formation for all embryos
(n=716) and for those denoted as
morphologically good/fair
(n=652). For both populations,
blastocyst formation rates were
significantly higher in the Eeva
High group than in the Eeva Low
group. *p<0.0001 (error bars
represent upper 95 % confidence
intervals)

Fig. 2 Odds ratio for predicting
blastocyst formation using
Morphology Only (left) and
Morphology followed by Eeva
Test (right). Odds ratios and 95 %
confidence intervals were
calculated for all embryos
(represented in gray) and for the
subset of embryos graded as
good/fair (represented in blue)
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methodologies applied to two sets of embryos: (1) all embry-
os, and (2) a sub-group of good/fair morphology embryos that
are candidates for embryo selection. The odds ratio is an
important quantitative indicator of performance that deter-
mines whether a prognostic test is informative [29]. In our
case, we used odds ratio to quantify the relative odds of
successful blastocyst formation for an embryo predicted to
develop (i.e. an embryo that might be selected on day 3),
compared to an embryo not predicted to develop (i.e. an
embryo that might be de-selected). For example, at baseline
(using traditional morphology for all embryos), the odds of an
embryo forming a blastocyst was 2.69 times higher for those
embryos predicted to form a blastocyst than among those
embryos predicted to arrest. This suggests that traditional
morphology is highly informative in assessing embryos over-
all. However, a more clinically relevant challenge arises when
traditional morphology must select among the morphological-
ly good/fair embryos; in this sub-group, the odds ratio of an
embryo forming a blastocyst predicted by traditional morphol-
ogy was 1.68, slightly better than random prediction

(p<0.0001). In contrast, adding results from the Eeva Test to
aid in the selection among good/fair morphology embryos
increased the odds ratio of an embryo forming a blastocyst
to 2.57, which was a 53 % increase over traditional morphol-
ogy and significantly better than random prediction
(p<0.0001). The Eeva Test therefore adds new prognostic
information that is particularly informative for identifying
which embryo(s) should be selected among good/fair mor-
phology embryos.

Along with odds ratio, we found that the average PPV was
significantly improved while the average NPV was main-
tained for embryologists using morphology followed by the
Eeva Test. The predictive and prognostic information provid-
ed by the Eeva Test is based on a combination of unique
features, including: (1) scientifically grounded cell division
timings that have been shown to correlate to blastocyst pre-
diction, gene expression analysis and clinical outcomes [14,
19]; (2) real-time, automated extraction of these timing pa-
rameters from time-lapse videos [14]; and (3) an ultimate
prognostic score of High or Low developmental potential

Fig. 3 a Overall odds ratio, b
mean positive predictive value
(PPV) and mean negative
predictive value (NPV) across all
embryologists predicting
blastocyst formation using
Morphology Only and
Morphology followed by Eeva
Test, among good/fair embryos.
*p=0.02, ns not significant (error
bars represent upper 95 %
confidence intervals)

Fig. 4 Consistent improvement
in odds ratios for individual
embryologists who predicted
blastocyst formation using
Morphology Only and
Morphology followed by Eeva
Test, among good/fair embryos
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[14]. In this study, we confirmed that Eeva High embryos have
a significantly higher likelihood of forming a blastocyst than
Eeva Low embryos. The difference was significant even for a
subset of good/fair morphology embryos, suggesting that the
Eeva Test result can help to further distinguish among similar-
looking embryos that are evaluated first by morphological
criteria. Since successful development to the blastocyst stage
is a critical milestone that is associated with higher implanta-
tion potential relative to cleavage-stage embryos [2, 30], our
results suggest that the Eeva Test may improve overall success
rates when used to select embryos with traditional
morphology.

Adjunct use of the Eeva Test following day 3 morphol-
ogy was consistently informative for each of five embry-
ologists representing a separate and diverse range of clin-
ical practices, laboratory training (<3 to >10 years), and
geographical areas within the United States. Notably, the
embryologist with the greatest improvement in odds ratio
was one of the senior embryologists with more than
10 years of training in morphology grading. All embryol-
ogists in our study experienced an increase in odds ratio
when the Eeva Test information was added to their tradi-
tional morphology assessment and blastocyst predictions.
The odds ratio among the embryologists was also less
variable for adjunct predictions compared to traditional
morphology alone, suggesting that the Eeva Test may
help reduce inter- and intra-observer variability common-
ly associated with morphological assessment [4, 14, 31].

The introduction of any new prognostic test into the IVF
laboratory requires rigorous validation and demonstration of
reproducibility [32, 33]. Validation of any time-lapse finding
or time-lapse enabled selection methodology should include
biological validation, clinical validation, performance charac-
terization and comparison to standard of care [34]. Reproduc-
ibility of the technology should be demonstrated in clinical
settings that are independent from the clinics that collected
and initially developed the proposed test. From a technical
standpoint, the predictive test must therefore be developed
using diverse data, and then tested on a large, unbiased sam-
pling of clinical data. One of the unique features of the Eeva
Test is that it was built using multi-clinic data with substantial
heterogeneity in embryo culture media, environmental condi-
tions and insemination technique [14]. Other predictive
models that have been proposed have been created using small
samplings of data from a single clinic [21, 25, 26, 35]. Suc-
cessful demonstration of validation and generalizability can
form the basis for approval from a regulatory body and give
confidence to clinicians and patients that the technology is
safe, effective and beneficial [33]. Our study uniquely ad-
dresses both requirements of validation and generalizability
by prospectively testing the impact of the Eeva Test in the
hands of five embryologists from five distinct IVF clinics. It
also considered a practical intended use model by focusing on

the good/fair morphology embryos that are pre-selected with
the expertise of the embryologist.

Conclusions

Adjunctive use of the Eeva™ (Early Embryo Viability As-
sessment) Test, a prognostic test based on automated detection
and analysis of time-lapse imaging information, is highly
informative and allows embryologists from diverse clinical
backgrounds to consistently improve the selection of embryos
with high developmental potential. Irrespective of the clinic
practice, experience level, and training, embryologists were
able to consistently improve their ability to select embryos
with higher developmental potential, particularly among
good/fair morphology embryos. Therefore, the Eeva Test
can assist clinical embryologists in making informed deci-
sions when selecting embryos for transfer or freezing. As a
next step of a rigorous path to demonstrating utility of this test,
prospective evaluation focused on implantation and pregnan-
cy outcomes after using the Eeva Test as an adjunct to mor-
phology grading is underway.
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