
Abstract. Aim: To propose a functional in vitro fertilization
(IVF) prediction model to assist clinicians in tailoring
personalized treatment of subfertile couples and improve
assisted reproduction outcome. Materials and Methods:
Construction and evaluation of an enhanced web-based system
with a novel Artificial Neural Network (ANN) architecture and
conformed input and output parameters according to the
clinical and bibliographical standards, driven by a complete
data set and “trained” by a network expert in an IVF setting.
Results: The system is capable to act as a routine information
technology platform for the IVF unit and is capable of
recalling and evaluating a vast amount of information in a
rapid and automated manner to provide an objective indication
on the outcome of an artificial reproductive cycle. Conclusion:
ANNs are an exceptional candidate in providing the fertility
specialist with numerical estimates to promote personalization
of healthcare and adaptation of the course of treatment
according to the indications. 

There is a tendency towards a fully automated performance
of the modern in vitro fertilization (IVF) Unit targeting the
sum of its functional aspects; from the assessment of the
subfertile couple to the embryological procedures and
medical interventions. In this context, several technologies
have been proposed and, although they are not yet fully

established as reliable approaches in the clinical management
of infertility, the interest is growing fast. As an example,
Meseguer et al. recently described the automation of the IVF
process and more specifically in sperm selection, oocyte
manipulation and selection of culture media and embryos to
be transferred (1). It is generally accepted that, apart from the
developing embryological technologies, prediction of IVF
outcome would be the second most important achievement in
assisted reproduction, behind a successful IVF cycle resulting
in live birth. Numerous methods have been proposed since
1986 in an attempt to develop a functional system; more
recent statistical methods and other newer techniques have
contributed in a significant way (2-4).

As such, artificial neural networks (ANNs) have been
adapted to develop an approach for predicting IVF outcome.
Clinically, an ANN represents a technological combination of
a “learning”, self-adapting and predicting system. Its
application encompasses a number of functions; among them
is the ability to associate symptoms and disease, a “learning”
path by cumulatively integrating specific data, and the ability
to foresee treatment outcome. So far, this novel system has
been utilized in a variety of clinical situations, descriptions of
which are summarised in a recent review (2). Examples include
gynaecological oncology (where early detection of disease is a
prerequisite), in reproductive endocrinology (where it is used
for the assessment of an infertile couple with contradicting
results), in uro-gynaecology (in successfully predicting the
outcome of surgical procedures) and in the early identification
and management of menopausal and osteoporotic women. In
Siristatidis et al., 2010, we acknowledged the limitations and
pitfalls in the sensitivity and specificity of such systems, which
mainly arise from the incomplete and faulty “training” of the
system during data input and the reported instability of some
of these networks as predictive models per se (2).
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We propose an enhanced web-based system with a novel
and flexible ANN architecture and conformed input and
output parameters according to the clinical and
bibliographical standards, driven by a complete data set and
“trained” by a network expert.

The Hypothesis – The Model

Our hypothesis suggests the construction of a functional
supervised learning ANN that can assist clinicians to offer
subfertile couples undergoing IVF the best available
personalized treatment options.

Construction and Evaluation of the Model

A supervised ANN relies on the development of a special set
of algorithms addressing a specific problem. The special
characteristic for such an ANN is the “learning through
training” modality, resembling the capacity of the brain to
learn, assimilate and recall this knowledge in anticipation of
a future event. Via trained learning, the network self-adapts
and changes its structural characteristics; this is based on the
information that flows through the network neurons (5).

The construction of the proposed system has several, but
typical steps (Figure 1a). The first step is the collection of
data. The size of the data set is heavily related to the nature
of the problem as, for this instance, the prediction of IVF
outcome; this size may be changed usually upwards,
following evaluation of the final results at a later stage.
Moreover, feature extraction and selection algorithms are
usually applied in this step in order to create an appropriate
input data set. An example used in our Unit is presented in
Table I. In one of our earlier attempts reported elsewhere (4),
our impressions of the system built were conflicting: there
was not enough discriminating power among the various
parameters of the dataset (comprising of 300 cases); thus, we
increased the number of cases and reprocessed the data by
clearing inconsistent entries and entries with missing data in
order to apply a new training “from scratch”. 

The second step (as mentioned above) includes data pre-
processing, in terms of clearing any inconsistent values and
by performing mathematical transformations (usually of map
numeric values within a specific range and to map qualitative
data (for example small, medium, large) to numeric data (for
example -1, 0, 1)) suitable for the selected algorithm of the
ANN model. In addition, separation of the available data
into, at least, two sets are performed at this stage: the
training set, which is used for the training of the ANN
(adding “knowledge” to the system) and the test set, which
is used to evaluate its performance (5, 6). This separation is
performed randomly, by stratified random sampling, while
respecting the data distribution into the classes at both
training and test sets.

The third step involves the selection of the appropriate
ANN model and the definition of its parameters and
characteristics. According to the ANN type, there are
individual characteristics that should be adjusted in advance
or, sometimes, defined during the system building, via trial
and error methods. In the sequel, the ANN training is
followed through the introduction of the training data set to
the network layers and the fine-tuning of the system
parameters. During this step, the ANN’s learning algorithm
is applied. A large number of cases with a known outcome
are provided to the network, i.e. couples who have already
undergone IVF with a known outcome; the role of the
algorithm is to minimize the total error of the system (6).

The final steps include the evaluation of the system
performance using either the test set or the complete data set,
according to the required and expected performance.
Satisfactory output of these steps will indicate whether the
system has acceptable performance so as to enter a
production environment for routine usage. If not, all steps
should be re-evaluated from the beginning and the system
trainer should go one or more steps backwards performing
the appropriate changes and re-testing the procedure again
until satisfactory performance is achieved. Positive and
negative predictive values over a threshold of 75% are
considered as satisfactory results. Remarkably, if the system
has acceptable performance, then, the ANN may predict
cases that have never before been presented.

Training of the Model

Training of the ANN model is the most important task before
its incorporation in the proposed web-based system; it requires
experience and expertise and involves repeated steps of its
parameterization, evaluation of outcomes in the training set
and validation in the test set. The proposed system architecture
is model-neutral, as it is envisioned as a flexible
implementation that can integrate any type of artificial
intelligence model assuming that a standard interface for ANN
services is well-defined and established. Recent reports
showed that ANN technologies have better performance than
classical statistical analysis; however, they are not able to
detect which variable and at what degree the final results are
influenced (7). Unfortunately, taxonomy of ANNs is not
standardized yet, as there are numerous different models and
variations currently available. The involved learning process
is crucial and in some cases prone to pitfalls. Finally,
categorization of ANNs at this level can be attained through
two major learning process families, i.e. the supervised and
the unsupervised learning: the selection of the appropriate type
is crucial as, for the second, the target category is not used.

The second factor for the selection of the appropriate ANN
is the architecture: multilayer preceptors include popular
schemes, such as the back propagation algorithm (8), radial
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basis function networks (5), recurrent architectures, such as
Hopfield networks (9), systems based on self-organization,
such as the learning vector quantization networks (LVQ) (10),
self -organizing feature maps (11) and systems based on
Hebbian learning (12). The proposed ANN architecture of our
study is based on the LVQ ANN. This ANN is preferred due
to its ability to create clusters formed by the data and to justify
the proposed outcome. The justification/reasoning procedure
is based on a mechanism that identifies the cases of the
training set that have the greatest similarity to an unknown
case; thus, the class of the unknown case is similar to the class
of the cases used during training. Another important
characteristic is its fast convergence, as compared to other
ANNs, such as those based on back propagation algorithms.
Finally and equally importantly, the LVQ ANN has a unique
ability to resist when getting trapped in data-related-local
minima, thus minimizing stability problems (10).

A third factor is the data separation into the training and test
sets; in our case we prefer 50% of the data to be selected by

stratified random selection for training and the other 50% to
be used for test. A further aspect is the ANN’s generalization
capability (5), which represents its performance on unknown
data. For the proposed LVQ model, we target not only on its
good performance on both training and test sets but, also, we
deduce that there will be no statistically significant difference
between the performances on both sets. The final aspect is to
ensure robustness of the model (5). This is achieved by
randomly splitting the data for several times, creating and
training again new models using the same parameters; their
performance on the new training and test sets are expected to
be similar.

The Special Characteristics of the 
Proposed Web-based System

The proposed model is a flexible system that implements a
distributed environment supporting any number of IVF
Units. The race/location of the involved population is a
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Figure 1. a. Typical cycle for the ANN system development. b. System model for routine use and ANN support of IVF units. 



serious issue that has to be taken into account, i.e. Caucasian,
African or Asian populations, but in a later step of the
systems’ evaluation. This system involves the construction,
evaluation, production and utilization of IVF outcome

prediction models, as well as for the everyday needs of the
embryology lab. The main components of this architecture
include the server farm, prediction models, databases and,
finally, the clinic and the patients (Figure 1b).
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Table I. Example of the system parameters as used in our IVF Unit and those proposed as input parameters.

Proposed Inputs 

ΑΜΗ                                      ΑFC                                   FSH                               Age of the                     Duration of                Primary or secondary 
                                                                                                                                    woman                          infertility                             infertility

No. of previous                 No. of MII                No. of good quality              Gonadotrophin                     Sperm                           Hysteroscopic 
IVF attempts                 oocytes fertilized             embryos on Day 3                         dose                           parameters                             findings

                                                                                                     Complete Set of Parameters

Cycle characteristics 

Stimulation protocol     Ovarian response            Gonadotrophin dose                   E2 levels                    Heparin co-use                 Cortisolone co-use

Albumin use                       Metformin                            Sperm                         Sperm motility                     No. of                    No. of mature oocytes 
                                                  use                             concentration                        (A and B)                         follicles                        retrieved/number 
                                                                                                                                                                                                                      of follicles
ICSI treatment            No. of 2PN on Day         No. of good quality          No. of good quality       No. of good quality              No. of embryos 
                                         1/MII oocytes                 embryos on Day               embryos on Day              blastocysts on                       transferred/
                                                                                    2/No. of 2PN                     3/No. of 2PN              Day 5/No. of 2PN                    No. of 2PN
Quality of frozen-         Type of catheter            Ultrasound assisted               Easy/Difficult            Endometrial injury                    IVF cycle 
thawed embryos           in embryo transfer              embryo transfer                 embryo transfer          in the previous cycle                    outcome

Couple’s evaluation

Date of birth                      Duration of                       Subfertility                      Reproductive                        STDs                            Sexual contact 
                                      infertility (years)                        factor                                 history                                                               (frequency/month)

No. of previous                 Karyotype                  History of genetic            Karyotype findings              Infection in                                  
IVF attempts                   (male, female)            diseases/chromosomal            in tissues from            reproductive tract
                                                                                    abnormalities                miscarriage/abortion

Female evaluation

BMI                            Smoking (cigarettes/        Alcohol consumption                    Age at                     Cycle duration                      Dispareunia
                                                 day)                             (units/week)                         menarche                           (days)

Previous                           Spontaneous                         Ectopic                               ΑΜΗ                              ΑFC                                     FSH
live births                             abortions                           pregnancy
TSH                                      Prolactin                          PCO/PCOS                          Hirsutism                            Acne                            Endometriosis
Diabetes                          Thyroid disease         Thromboembolic disease         Breast pathology               Laparoscopy                       Tubal surgery
Myomectomy                  Appendectomy                 Previous Pelvic              Previous treatment           Chemotherapy/                    Hysteroscopic 
                                                                             Inflammatory Disease             of pathology of                  Radiation                              findings
                                                                                                                                  the cervix

Male evaluation

BMI                            Smoking (cigarettes/        Alcohol consumption                     FSH                          Testosterone                          Varicocele
                                                 day)                             (units/week)

Cryptorchidism              Obstructions in                     Infectious                             Sperm                           Previous                               Sexual 
                                      reproductive tract                     parotitis                         characteristics                      surgery                                 history

AMH, Anti-mullerian hormone; AFC, antral follicle count; FSH, follicle stimulationg hormone; IVF, in vitro fertilisation; MII, metaphase II; E2,
estradiol; ICSI, intracytoplasmic sperm injection; 2PN, 2 pronuclei; STDs, sexually transmitted siseases; BMI, body mass index; TSH, thyroid-
stimulating hormone; PCO/PCOS, polycystic ovaries/polycystic ovarian syndrome.



The “database system” is composed of several databases,
distributed and differentiated from the hospital information
system, including one specifically designed for data related to
IVF units. The significant IVF database entities include:
information on each individual and the couple, male and female
medical history, couple’s medical and reproductive history, both
male and female infertility history, data related to the clinical
examination of the male and the female and information on the
cycles of the couple linked to outcome monitored data.

The “clinic” is the place where the couple is consulted and
treated for fertility-related problems. The clinic personnel
interact with the system via a web browser, while each
clinic/IVF unit has a separate interface supported by the same
infrastructure appearing, however, as an independent system,
securely isolated from other IVF units. The personnel is able
to create, read, update or delete records after appropriate
authorization, contributing to the creation of the model based
on the unit’s data and the features envisioned having predictive
power. Via the system, the ANN model can be evaluated on the
training data set. In parallel, all units’ users have the ability to
train and test the model using larger data sets.

The “IVF prediction models” are a category of ANN
models with well-defined inputs and outputs available as web
services; the data flow to and from the prediction models and
the interaction with the IVF units’ users is conducted through
the server farm. Both input and output parameters will be
unavoidably related to the clinical experience and the specific
parameters adopted by each unit separately, being considered
as the most accurate ones and characteristic for each unit.

The “server farm” is a three-tier system composed of (i)
The database server responsible for hosting and
communicating with the databases for storage and retrieval,
together with the interconnection with external data bases; the
server is also responsible for the production of anonymous
data for research purposes. (ii) The web engine that translates
information in a user-friendly manner, accessed as a web
application via standard web browsers. (iii) The application
server, responsible for the orchestration and implementation
of the system logic.

System Implementation 

Currently, there are numerous open source software
platforms available. During our search, we identified the
following as suitable: (a) MySql for the database system
implementation (13), (b) Tomcat application server for the
implementation of the system logic (14) and (c) the apache
web server for the mediation towards the end users and the
creation of web pages (15). 

The implementation of the prediction models in web
services make them extremely flexible, as (i) both service call
and access are standardized and can be used by other systems,
(ii) easily accessed specialized platforms can be used, such as

Matlab and (iii) other non-ANN models can be implemented,
such as classification and regression trees (CARTs), linear
regression models and fuzzy logic systems (16).

Scenario of Use

During the first visit, the couple with a history of subfertility
is initially interviewed by a secretary/specialized nurse who
inserts personal data into the system database, such as the
demographic and medical history of both partners, as well as
other relative information. From there on, the physician
examines the couple clinically and inserts the related data
into the system. Subsequently, he is using the system to call
the artificial intelligence service supplied by the platform in
order to evaluate the couple’s probability for a successful
outcome; this metric is based on the knowledge obtained
from other couples whose data have already been stored in
the centralized database.

In a second step, the system responds with several
alternative treatment scenarios, each of which is accompanied
by a risk of failure. The physician is consulted by this service
and judges to select the scenario with the minimum risk. The
latter forms the relative, different in each case, guidelines.

Thereafter, all IVF cycle-related-data (from ovarian
response to stimulation until embryo transfer special
characteristics, both clinical and laboratory) are stored in the
database and an appropriate model supplied by the artificial
intelligence service is used to evaluate the success rate and
to provide risk details for different scenarios that may follow.

During a third visit, at the time of embryo-transfer, the
final cycle data are entered into the system and another
model supplied by the artificial intelligence service is called
to provide the risk scenario of the final executed cycle data.

The woman is monitored closely and the results are
recorded into the cycle detailed history in order to have both
a complete medical record of the couple and the performed
cycle capable to be used for the training and test of models,
thus enhancing its predictive potential. 

Conclusion – Further Implications 

We propose a flexible web-based system using artificial
intelligence to enhance the probability of offering to
infertile couples the best consultation/options for a
successful outcome after IVF. The system is capable to act
as a routine information technology platform for the
everyday IVF unit and additionally can be offered as a
service to numerous units. Such systems are capable of
recalling and evaluating a vast amount of information in a
rapid and automated manner providing an objective
indication on the outcome of an artificial reproductive
cycle, which is utterly consistent with the nature of input
parameters and the “model cases” explored. Efforts in the
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implementation of such systems in the context of
reproduction have been limited but radical in both human
(3, 7, 17, 18) and animal experimentation (19). 

Issues to be stressed include the objectivity of the network
expert and medical staff responsible for the system “training”
as personal evaluation or misinterpretation of symptoms or
indications may, for example, falsify data input that could
overall affect the performance of the system and its
predictive accuracy, the input parameters or the input of
“true” or resolved cases during training leaving out any cases
where diagnosis or other parameters are undefined or
questionable (for example, couples undergoing IVF with
unexplained infertility). 

Careful interpretation of the dynamics and potential of
such system is required and this should be in a harmonic
balance with clinical judgment and decision-making - an
integral part of clinical management that could not be
substituted by any form of artificial intelligence in its present
form. In order to customize towards optimization, it is
necessary to evolve and continuously readapt this system,
incorporate newly applied technologies as introduced, while
an essential component is the contribution from units that
have adopted such systems in the form of feedback based on
the individual units experience and applicability of prediction
models. Importantly, apart from its demonstrated usefulness
in clinical decision-making concerning subfertility, this tool,
furthermore, requires a robust statistical evaluation of the
degree of its predictive power in order to be adopted in an
optimal way and establish its dynamics. 

In our view, prediction of IVF outcome would be an
imperative achievement in assisted reproduction and ANNs
are an exceptional candidate in providing the fertility specialist
with numerical estimates to promote personalization of
healthcare and adaptation of the course of treatment according
to the indications. This requires great steps in research and
improvement of such systems, as well as excellent co-
ordination between IVF units in collecting reports towards
adjusting prediction models in an optimal way.
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