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ABSTRACT

Morphological embryo classification is of great impor-
tance for many laboratory techniques, from basic research
to the ones applied to assisted reproductive technology.
However, the standard classification method for both hu-
man and cattle embryos, is based on quality parameters
that reflect the overall morphological quality of the em-
bryo in cattle, or the quality of the individual embryonic
structures, more relevant in human embryo classification.
This assessment method is biased by the subjectivity of
the evaluator and even though several guidelines exist to
standardize the classification, it is not a method capable of
giving reliable and trustworthy results. Latest approach-
es for the improvement of quality assessment include the
use of data from cellular metabolism, a new morphological
grading system, development kinetics and cleavage sym-
metry, embryo cell biopsy followed by pre-implantation
genetic diagnosis, zona pellucida birefringence, ion release
by the embryo cells and so forth. Nowadays there exists a
great need for evaluation methods that are practical and
non-invasive while being accurate and objective. A method
along these lines would be of great importance to embryo
evaluation by embryologists, clinicians and other profes-
sionals who work with assisted reproductive technology.
Several techniques shows promising results in this sense,
one being the use of digital images of the embryo as basis
for features extraction and classification by means of ar-
tificial intelligence techniques (as genetic algorithms and
artificial neural networks). This process has the potential
to become an accurate and objective standard for embryo
quality assessment.
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INTRODUCTION

Since the development of the first successful techniques
for assisted reproduction in mammals, it has become ev-
ident that there is a direct relationship between embryo
quality and gestational success post embryo transfer (Lind-
ner & Wright, 1983; Overstrom, 1996). Embryos morpho-
logically classified as higher quality had higher successful
gestation rates in domestic animals (Schneider et al., 1980;
Tervit et al., 1980; Lindner & Wright, 1983) and in human
patients (Balaban et al., 2000, 2006; Gardner & School-
craft., 1999). Although the direct relationship between em-
bryo quality and success rate based on embryo grading is
clear, it is still largely subjective due to low repetitiveness,
with a high grading variance between embryologists (Lind-
ner & Wright, 1983; Farin et al., 1995; Richardson et al.,
2015). Thus, there is still great need for a system capable
of categorizing embryos according to quality and accord-
ing to viability and the capacity for successful gestations.

Currently, for morphological classification of cattle
embryos, the usual approach is the grading within three
quality ranks: Excellent or good (1), regular (2) or poor

(3)(Bé & Mapletoft, 2013). This method is recommended
by the International Embryo Transfer Society (IETS) over
the deprecated four grading systems (Lindner & Wright,
1983), which separates excellent and good embryos, and
it was common before studies had shown that there is not
a significant difference in gestation rates between excel-
lent and good embryos. However, it is noteworthy that
the human eye is capable of distinguishing at least four
morphological quality categories of embryos. Although
the current grading system is simplified to only 3 possi-
ble ranks, the embryologist should be prepared to distin-
guish between excellent and good quality embryos, at one
time both considered part of grade 1 in the IETS system.

In the case of human embryos, the prevailing system
is the one proposed by Gardner & Schoolcraft (1999), al-
though alternative grading systems exist (Dokras et al.,
1993; Richardson et al., 2015). Altogether, the simpler
grading systems (Dokras et al., 1993; Richardson et al.,
2015) are more uniform and have a smaller variance be-
tween examiners. According to Balaban et al. (2006), the
Gardner & Schoolcraft system, although more complex and
with lower repetitiveness, results in higher predictive val-
ue for clinic pregnancy when compared to the proposal of
Dokras et al. (1993). From this analysis derives an outcome
that the more complex the system is, the more likely it is
to grasp the biological reality of the grading system, here
termed “embryo quality”. Although a more straightforward
system may have lower prediction accuracy, by reducing
the amount of variables the system is less prone to dif-
ferences between examiners, thus being more consistent.

A common factor between the systems described
above is that all of them are based on the visual analysis
of the embryo which is both subjective and qualitative and
commonly done by stereomicroscopy. The technical quality
assessment relies on the experience, attention to detail
and systematic approach of the examiner on analyzing the
embryo, from the more evident features as dead and ex-
truded cells, or reduction of the percentage of viable cells
to the more subtle characteristics that may influence em-
bryo development such as irregularity of shape, heteroge-
neity of color, asynchrony between expected and encoun-
tered stage of development and the presence of vacuoles.
On this classical approach of embryonic morphology, the
variables are not measured in an objective form, resulting
in low repeatability and subjectiveness of analysis (Bényei
et al., 2006; van Loendersloot et al., 2014; Perkel et al.,
2015; Richardson et al., 2015; Thompson et al., 2016). On
this approach, a given embryo when analyzed by different
examiners may be classified in different distinct degrees of
quality (Farin et al., 1995, 1999; Chen et al., 2016). This
variation between examiners is even more expressive be-
tween close quality grades as excellent/good and regular or
regular and poor when compared to grades that are more
distant, as excellent/good and poor (Farin et al., 1995).
Additionally, the highest level of agreement between ex-
aminers occurs on the extreme classes (excellent or poor),
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being that the intermediate embryos are mostly respon-
sible for the disagreement between examiners. Studies
had also analyzed the effects of consecutive evaluations
by the same person, so as to enable measuring the consis-
tency (repeatability) of the evaluation (Arce et al., 2006;
Paternot et al., 2009). Richardson et al. (2015) reported,
for the classification of human embryos, a higher discrep-
ancy between different examiners (K=0.63; Fleiss-Kap-
pa statistic) than with the same examiner (K=0.71).

Seeking solution for the subjectivity of the morpho-
logical analysis, several alternative methods have been
proposed (Overstrém, 1996; Hoshi, 2003; Lépez-Damian
et al., 2008; Held et al., 2012). Among them, the quality
of in vitro growth of embryos, the integrity of blastomere
membrane (Overstrém, 1996), analysis of embryo metab-
olism (Rondeau et al., 1995; Overstrém, 1996; Thompson
et al., 2016), measurement of cellular respiration (Hoshi,
2003), electron-microscopy analysis (Lopez-Damianet et
al., 2008) and zona pellucida birefringence index (Heldet
et al., 2012). More recently, and specially for human em-
bryos, there was a trend for methods that evaluate embryo
kinetics and cleavage symmetry using time-lapse systems
like EmbryoScope® or Primo Vision™ (Montag et al., 2013;
Kovacs, 2014; VerMilyea et al., 2014). This kind of sys-
tem allows the measurement of an index that stands as a
guideline to aid embryologists on the selection of the best
embryo for transfer in fertilization clinics. Nevertheless, for
the in vitro production of cattle embryos, such a system is
not widely used, mainly because of logistic limitations, the
high operational cost and the reduced significance of eval-
uation for individual embryos. A distinct approach on early
development is the classification by means of dedicated
semi-automatic software (Santos Filho et al., 2012; Matos
et al., 2014a), in a way that the analysis is not dependent
on specific hardware. Table 1 shows a broader comparison
among the different methods proposed for the morpholog-
ical classification of human, cattle and murine embryos.

Still, no method thus far has been able to reach a defin-
itive solution for the measurement of embryo quality, con-
sidering that many are still in experimental stage. There-
fore, the research and development of techniques that prove
to be fast, non-invasive and objective are fundamental in
the development of any embryo grading system (Lindner &
Gardner, 1983; Overstrom, 1996; Thompson et al., 2016).
While for some methods the limiting factor is the high cost
of implementation, preventing use on different species of
mammals (time-lapse analysis, biopsy followed by pre-im-
plantation genetic diagnosis) for others, the invasiveness
- or even the lethality, as with the ultra-structural analysis
(Lépez-Damianet et al., 2008) - is the crucial point. Thus,
regardless of subjectivity, visual analysis of embryo mor-
phology is still generally used to determine embryo quality.

Several authors recently proposed the use of mathe-
matical and statistical tools for the analysis of embryo via-
bility. Among the main researches, van Loendersloot et al.
(2014) reported the use of multivariate logistic regression
with eight predictive factors for the classification of em-
bryos according to implantation potential. Such a model
has shown a moderate discriminative capacity, being able
to categorize embryos with high, moderate or low implan-
tation potential. Nevertheless, we need to stress that the
method also uses other variables rather than embryo mor-
phology, such as physiological, endocrinological and meta-
bolic parameters of the patient who will receive the embryo.

Chen et al. (2016) proposed the use of a computer-as-
sisted scoring system (CASS). The system is supposed to
have a higher discriminatory power for embryo selection,
over the standard scoring system that has intrinsic exam-
iner variability. The authors also used a multivariate lo-
gistic regression (LR) system, together with multivariate
adaptive regression splines (MARS). The study had shown
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improvement on the predictive model when using the com-
puter assisted scoring system associated with data mining.

Santos Filho et al. (2012) developed a system, by
means of applied mathematics, capable of acting in a
semi-automatic fashion on the interpretation and clas-
sification of human embryos. Such a proposal proved
to be unique and managed to overcame an innova-
tive challenge as no similar technique with compara-
ble results exists. In this way, the fact that the process
is not fully automated and only aimed at human em-
bryo evaluation limits the diffusion of the methodology
to other species and to practical routine laboratory work.

More recently, another group published research
on embryo Vviability grading using image process-
ing techniques based on the segmentation of blasto-
meres (Singh et al., 2014; Tian et al., 2014) or tro-
phectoderm (Singh et al., 2015) from human embryos.

Artificial intelligence as a new way to approach
the problem

Artificial intelligence (AI) techniques have the poten-
tial to develop objective, reproducible and non-invasive
methodologies to predict embryo quality with high accu-
racy. The field of Al is very extensive, but some specif-
ic techniques as genetic algorithms (GA) along with ar-
tificial neural network (ANN) could be used to simulate
an accurate predictive model (Takahashi et al., 2016).

GA is a search and optimization method inspired by
genetic mechanisms and natural evolution. In GA a pop-
ulation of possible solutions is simulated for a determined
problem, that is, a population of ‘individuals’ each one
containing a possible solution. By an evolutionary process
based on crossover, mutations and migrations, the individ-
uals can converge to a better solution for the problem (Ta-
nomaru, 1995). ANN is a technique based on how human
neurons transmit and process information and it is indicated
for the resolution of complex and nonlinear problems. Such
neurons need to be exposed to training data (variables), in
order to learn to generalize an output (i.e., a result) from a
input dataset. Once properly trained, ANN is able to perform
predictions from new input data to which it has never has
access (Haykin, 1998; Zhang et al., 1998; Huang, 2009).

Initially proposed for mouse embryos (Matos et al.,
2014a) and posteriorly applied in bovine blastocysts (Ma-
tos et al., 2014b), this potential method uses a process of
automated extraction of information, from bi-dimensional
digital images of embryos and, posteriorly, classifies them in
quality grades, according to the specificity of each species.
These two cases in particular used just blastocysts between
the initial and expanded stages. The blastocyst stage is
the standard in commercial procedures of bovine embryos
transfers, produced in vitro, as well as has been increasing-
ly used for clinical procedures in assisted human reproduc-
tion laboratories (Balaban et al., 2000; Hyttel et al., 2010).

In a paper published by Matos et al. (2014b), blas-
tocyst digital images were captured by optic microscopy
without the use of dye while maintaining embryo expo-
sure lower than 30 seconds, using techniques of digital im-
age processing (Gonzalez & Woods, 2008) for information
standardization and interpretation. Once the embryo was
properly standardized and isolated of its background (in an
automated mode), it was possible to do a segmentation
step, that is, the extraction of several numeric variables
contained in the digital image. Thus, these variables ob-
tained were used as input to the ANN system. The objec-
tive of the information extraction is to obtain a numeric
vector, which represents the original image. Several algo-
rithms work independently in this process, providing the
input variables to the ANN. Therefore, we used techniques
such as Hough transform (Atherton & Kerbyson, 1999) to
determine embryo circularity, texture analysis (Haralick
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Figure 1. Ilustrates the sequence of steps required to process a digital image from an in vitro produced bovine
blastocyst. a) original image as obtained by optic microscopy; b) standardization of bright and positioning
of the inner cell mass (ICM) at 12 o’clock; c) segmentation of the embryo itself (by Hough transform) and
elimination of background; d) segmentation of ICM and blastocoel by elimination of the zona pellucida and tro-
phectoderm; e) elimination of inner area of the image “c” to highlight the trophectoderm and part of the ICM;
f) binary form of image “c” after gradient calculation; g) visualization of the image after Watershed transform.

et al., 1973; Tuceryan & Jain, 1998; Soille, 2013; Sonka
et al., 2014) using the Gray Level Co-occurrence Matrix-
(GLCM) classification method (Hu et al., 2008; Siqueira et
al., 2013) and the Watershed transform (Beucher, 1992),
that proposes a morphologic approach to the problem of
image segmentation, by its interpretation as being sur-
faces, in which the grey levels of each pixel determines
the altitude of a given region (Koérbes, 2010). Figure 1
ilustrates the sequence of steps used to process a dig-
ital image from an in vitro produced bovine blastocyst.

All the possible information from the digital images of
bovine blastocysts was extracted, and 36 variables were
obtained to define the embryo (i.e., the mathematic repre-
sentation of the main features of the digital image). After
a co-linearity analysis, these 36 variables were reduced to
24, which were used as the input data for ANN. After train-
ing, these variables made up the GA population. This has
undergone the natural evolution process (containing the
crossover, mutation and migration events) which deter-
mined the most suitable ANN for the embryos classification.

In results obtained recently (not published) of our re-
search group, and involving 126 images of bovine blas-
tocysts, after three experienced embryologists analysed
the images, the results were applied to the GA technique
associated to ANN. As the network output standard (tem-
plate) was used, the mode value of the classification
was made by the embryologists. Seventy percent of the
sample was utilized for training and 15% for ANN valida-
tion leaving 15% for testing the system. The result in a
blind test with the 15% remaining resulted in 84% cor-
rect in exact classification of embryos, that is, the ANN
classified with the same mode value given by the trained
embryologists. In this blind test there were no detect-
ed critic error in evaluation by ANN, that is, the cases in
which ANN classified the image in a grade than the one
rated by the examiners (e.g., the examiners classified
the image as excellent and the ANN as poor). Therefore,
we consider the accuracy of the applied method for em-
bryo classification as satisfactory, showing to be a prom-
ising technique with potential for clinical application.

Our study, which is still in the experimental stage and
in collaboration with the world’s largest company of bovine
embryo in vitro production (In Vitro Brasil, Mogi Mirim, SP,
Brazil), is protected by a national patent application filling
with INPI (BR102012031953-5; Matos et al., 2016) and
international with WIPO (PCT-BR2013-000506; Matos et

al., 2014c), in which both were done together with Agéncia
Unesp de Inovacao (AUIN). This is, to our knowledge, the
only other registered invention engaged in embryo selec-
tion (Loewke & Suraj, 2014). However, our invention differs
from Loewke & Suraj’s (2014), by the use of a time-lapse
image acquisition system for determining embryo quality,
which is based on the kinetics and symmetry of embryo
cleavage. We infer that both classification systems are not
mutually exclusive. The kinetic evaluation and symmetry
as well as the blastocyst image by ANN could be made
available in hardware by time-lapse video equipment.

CONCLUSION

In light of the multiple current attempts to develop
a precise non-invasive system for embryo classification,
this is still an ongoing process. Clinicians and research-
ers are waiting for a system that is non-invasive, objec-
tive and accurate, for prediction and with high reproduc-
ibility. The most promising alternatives seems to be the
ones that take into account the metabolites used by the
embryo and obtained by analysis of the conditioned cul-
ture medium, the use of applied mathematics and statis-
tics with the classificatory system or dedicated software
for the analysis of kinetics, symmetry or morphology of
the embryo. In the absence of a robust and well-estab-
lished system, the majority of embryologists will continue
to rely on the conventional classification system that, de-
spite its inaccuracies, it still bears some predictive pow-
er for successful implantation and the ability to classify
embryos morphologically. However, no matter how new
technologies may be developed, they cannot current-
ly surpass human evaluation with years of clinical ex-
perience on the ultimate assessment of embryo quality.

Finally, we foresee the possibility of an artificial in-
telligence system, similar to the one described before,
but not limited only to the morphological analysis of the
embryo. Theoretically, it is possible to adapt the sys-
tem for the direct prediction of successful embryo im-
plantation, once the variables that describe the phys-
iological, endocrinological and metabolic environment
of the recipient are included on the machine learning
algorithms.
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