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Abstract

The aim of this work is to predict the disability state
in neurodegenerative disease, such as multiple
sclerosis (MS), using clinical batabases and machine
learning techniques. This prediction could help
clinicians select a more specific treatment for MS
patients.

Introduction

Some of the most devastating neurodegenerative
diseases induce axonal degeneration in the central
nervous system, including the optic nerve. Axonal
loss is considered the main cause of functional
disability in MS, but the detection of axonal injury
has typically been difficult. Several studies carried
out to date [1],[2] have shown that there is a greater
thinning of retinal nerve fiber layer (RNFL) in
patients affected by MS than in healthy controls. This
fact has established RNFL as a MS biomarker.

There are several non-invasive imaging techniques to
measure the thickness of different layers of retina, but
the most widespread technique is optical coherence
tomography (OCT) since it is cost-effective, rapid
and reproducible. Due to OCT allows to measure
specifically the thickness of RNFL and even the
ganglion cell layer, this method is used to diagnose
and monitor multiple diseases of retina and optic
nerve.

Machine learning techniques can be used to improve
the diagnosis and predict the evolution of some
complex diseases. In this field, Garcia-Martin et al.
used neuronal networks to diagnose MS using OCT
[3]. Pérez del Palomar et al. demonstrated that
machine learning is a useful tool to detect MS disease
[4]. The next step is to apply these techniques to
predict the course of the disease, the result may be
useful for clinicians to decide treatment in each
patient. The work performed by Zhao et al. [5]
managed to predict the evolution of disability state in
short-term course using support vector machines.

Other computational classifiers, such as decision
tree, linear tree and linear regression, was tested to
predict MS evolution within two years [6]. However,
OCT data and machine learning have not been used
to predict the long-term course of MS disease.

In this study, machine learning technigques were used
to evaluate the ability of clinical data and OCT
measurements to predict the disability state in MS
patients.

Materials and methods

A longitudinal study from Miguel Servet Hospital
with 82 MS patients was used, the 10-year follow-up
was carried out by ophthalmologists to perform OCT
measurements and by neurologists to determine the
expanded disability status scale (EDSS) value. One
eye from each white European origin subject was
randomly selected, excluding eyes with previous
episodes of optic neuritis.

The input data of our predictive model were: age, sex,
best-corrected visual acuity (BCVA), MS duration,
MS subtype, optic neuritis antecedent, relapse in
preceding year, EDSS value and the 6 RNFL
thicknesses. And the output was “worsening” or
“non-worsening” in the long-term EDSS value.
“Worsening” was defined as an increase of 1 or more
points in EDSS and ‘“non-worsening” represented
MS patients whose EDSS increased less than 1 point
or decreased. Least absolute shrinkage and selection
operator (LASSO) was used to remove irrelevant
features and reduce the risk of overfitting. After the
implementation of this algorithm, 5 features were
chosen: MS duration, relapse in preceding year,
EDSS score, temporal RNFL thickness and superior
RNFL thickness. Our predictive model used these 5
features collected at the baseline visit and the first
two annual follow-up visits to predict the disability
state of MS patients 8 years later. Several
classification algorithms were tested to evaluate this
predictive model.
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Results

Long short-term memory (LSTM) recurrent neural
network was the most appropriate classifier to predict
whether or not the disability state of MS patients
would worsen. The prediction was correct in 67 of 82
MS patients (8 false positves and 7 false negatives,
see confusion matrix in Figure 1), giving an accuracy
of 81.7%. The area under curve (AUC) was 0.8165.
Therefore, this result underlines the potential of
RNFL thickness as a MS biomarker.

Conclusion

Since in this neurodegenerative disease the disability
appears at an early stage of the disease, it is very
important to make an early diagnosis and predict the
disease evolution with the aim of applying more
specific treatments to stop the disability progress.
OCT is an objective and reproducible test that can be
perfomed in just two minutes by non-specialized
personal.

As can be seen in this work, machine learning is able
to use clinical databases to improve diagnosis and
predict the progress in MS. Our study demonstrates
that these techniques, using clinical data and RNFL
thickness, turn out to have a great ability to classify
new patients according to their MS progression.
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Figure 1. Confusion matrix and receiver operating characteristic (ROC) curve, with area under
curve (AUC), using the long short-term memory (LSTM) recurrent neural network to predict the
disability state in patients with multiple sclerosis.
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