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ABSTRACT

Aims: Multiple Sclerosis (MS) is an inflammatory disease that shows a great variability in its
clinical aspects. This study investigate whether vascular changes (choroidal thickness and macular
vascular plexuses) as well as changes in the thickness of retinal nerve fiber layers and retinal
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ganglion cells occur over one year in patients with MS and if these changes are related with the
disability that the patients have.

Study Design: Prospective observational study.

Place and Duration of Study: Department of Ophthalmology and Neurology (in Hospital Clinico
Universitario de Valencia (Spain). Between January 2016 and September 2017.

Methodology: It was analysed 104 eyes of MS patients (divided in groups depending of the type
of the MS and their grade of disability measured by the Expanded Disability Status Scale (EDSS)
by Kurtzke). Anatomical parameters: RNFL and ganglion cell layer (GCL) were studied using
optical coherence tomography (OCT). Vascular parameters were analysed: CMT by OCT and the
macular vascular plexuses by OCT-angiography (OCTA). Any subject has an optical neuritis
history or other comorbidities.

Results: RFNL was thinner in the highest degree of disability group and in patients with primary
progressive MS (PPMS). CMT showed a significant decreased in the group that has moderate-
severe disability and showed a decrease in the group that their disability worsened during the year
of study. Retinal macular plexus showed no difference in any group at one year of study
Conclusion: The study of the RFNL and CMT are objective and valuable indicators in these
patients, especially with regard to the progression of their disability and with the worst forms of the
disease.

Keywords: Multiple sclerosis; disability; macular choroidal thickness; retinal vascularization; valid

biomarkers.
ABBREVIATIONS clinical disability that is evaluated, in practice, by
using quantification methods such as the

RNFL : Radial Nerve Fiber Layer Expanded Disability Status Scale (EDSS). It is
CMT : Choroidal Macular Thickness essential to have objective biomarkers of central
EDSS : Expanded Disability Status Scale nervous system (CNS) pathological changes that
OCT : Optical Coherence Tomography precede the progression of disability. In detecting
OCTA : Oct- Angiography- these changes, nuclear magnetic resonance
GCL : Ganglion Cell Layer (NMR) constitutes the gold standard test, but

since demyelinating lesions do not cover the
entire pathology of MS, techniques are being
developed to detect and monitor the loss of brain
volume [2].

1. INTRODUCTION

Multiple sclerosis (MS) is considered to be an
disease with two clearly defined aspects [1]: an
inflammatory disease characterises its initial
years and is manifested by outbreaks and shows
up in MRI as demyelinating lesions that affect

Since the retina is a window to the CNS [3],
studies finding decreased cerebral perfusion [3-
5] in MS could be supported by optical

both white and grey matter.The other is a
degenerative aspect related to the production of
irreversible damage to axons and neurons, which
occurs from the early stages but becomes
relevant later on as a substrate for the late
progressive phase.

Multiple sclerosis presents with great clinical
variability and its progression is
inconstant.Vascular alterations could play an
important role in the course and presentation of
the disease. One of the aspects that is not
currently clear is whether or not vascular
impairment can condition the type of MS, its
symptoms and its course.

Multiple  sclerosis, like the rest of
neurodegenerative diseases, eventually leads to
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coherence tomography angiography (OCTA)
findings in these patients, and it could constitute
an additional biomarker to that provided by
optical coherence tomography (OCT).

The aim of this study is to elucidate whether
retinal microvascular and choroidal thickness
changes correlate with the degree of disability
and progression of the disease.

2. MATERIALS AND METHODS

104 eyes of MS patients were studied. Subjects
were divided into two homogeneous (no
demographics differences) groups depending of
the type of the MS: primary progressive MS
(PPMS) and relapsing-remitting MS (RRMS).
Any subject has optic neuritis history. We also
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divided the two groups depending on their
disability: patients with low disability (EDSS
score < 3) and high disability (>3) measured by
the Expanded Disability Status Scale (EDSS) by
Kurtzke. It was analysed whether there were
statically differences between baseline and one
year data of the two main groups and of the
subgroups that had been initially established
according to their degree of disability and type of
MS. Anatomical parameters (RNFL, and GCL
with Triton OCT, Topcon) and CMT (with the
same OCT) and macular vascular plexuses (with
the OCTA of the same platform) were analysed.
Moreover, a new classification of patients was
established according to the progression of their
disability and whether there was a significant
one-year variation in the different parameters
investigated according to whether or not the
EDSS score of their disability had worsened
during the study year. The statistical analysis
was performed by SPSS Stadistics 22.0 (IBM
Corp.) programme. The statistical level of
significance was 5% (p<0,05). More than 30
subjects performed each group, and normal
distribution was assumed, in order to use the
central limit theorem.

3. RESULTS AND DISCUSSION

During the year of study, anatomical parameters
showed a statically decreased in patients with
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the highest degree of disability and in patients
with PPMS. CMT showed significant decrease in
the group that had moderate-severe disability.
Retinal vascular macular plexuses showed no
difference according to the EDSS or type of MS.
Fig. 1 and Table 1.

Table 1. Results of the p-value between the
values at the baseline study and the values at
one-year study in patients with PPMS. RNFL
of the optic nerve and MCT showed statically
decrease in one-year study

P value t-student

RNFL optic nerve 0,031
(RENL NO)

GCL 0,157
CML 0,013
RNFL macula 0,392

Moreover, a new classification of patients
was established according to the progression
of their disability and whether there
was a significant one-year variation in the
different parameters investigated according to
whether or not the EDSS score of their
disability had worsened during the study year. As

we see in Table 2, the CMT showed a
statically decrease during the year of the
study in the patients that increased their
disability.

CMT RMFLmacula

Fig. 1. The anatomical parameters studied by OCT in patients with the highest degree of
disability (EDSS >3) are shown: the first column shows the results at the beginning of the
study and in the second column are the results of the one -year study
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Table 2. In the group with a worsening according to the disability, the choroidal macular
thickness, CMT, showed a significant decrease during the one-year study

Paired samples

P- value t-student

RNFL optic nerve basal-annual

GCL basal-annual

CMT basal-annual

RNFL macula basal-anual

Superficial vascular macular plexus basal-annual
Deep vascular macular plexuses basal-annual
Choriochapillaris plexus basal-annual

0,161
0,144
0,038
0,504
0,078
0,704
0,608

It has been established that inflammation and
neurodegeneration are involved in the
pathogenesis of MS. It is mainly these two
components that determine the degree of
disability and the clinical presentation of the
patient. The dysfunction observed in the vessels
of MS patients has led to the hypothesis that this
pathology also has a partially vascular basis
[6,7]. Thus, several studies have demonstrated
cerebral hypoperfusion [3] and suggest that,
although MS is due to an impairment of the
immune system, there may be a vascular
component [-13] that determines the progression
of the disease, as many disease-modifying
treatments that profoundly suppress the
immune system, including autologous
transplantation of haematopoietic derivatives
[14], do not prevent the progression of
neurodegeneration [14]. Furthermore, increased
cardiovascular events have been reported in
these patients, the mechanism of which are
unknown but may be explained by endothelial
dysfunction secondary to inflammation; CNS
venous drainage dysfunction has also been
observed [13].

When the behaviour of the anatomical
parameters depending on the type of MS was
analysed, it was found that, over the year of the

study, the thickness of the papillary RNFL
underwent significant thinning in patients
classified as primary progressive multiple

sclerosis (PPMS) subjects, while this was not
observed in those in the relapsing-remitting
multiple sclerosis (RRMS) subgroup. This
suggests that monitoring the thickness of this
layer could help to identify a difference in
behaviour between two MS subtypes with a
different prognosis, as PPMS is more
aggressive. We believe this to be an interesting
indicator as it could support the definition of
progressive forms and, perhaps, anticipate their
detection in order to provide early disease-
modifying treatments, which would ultimately be
useful to improve their prognosis.
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Similarly, the one-year analysis of the disability
subgroups points to a possible difference in
papillary RNFL thinning dependent on the initial
EDSS score, as we found that patients with
initially moderate-severe disability showed a
statistically significant decrease in the thickness
of the papillary RNFL; this change is not evident
in patients with initially mild disability. However,
when patients were distributed according to
whether or not their EDSS score worsened over
the study year, there was no significant change
in the thickness of the inner retinal layers,
including papillary RNFL, in either subgroup.

Therefore, during the study year, papillary RNFL
showed a significant thinning in the MS group
and, more specifically, in the subgroups including
patients with a more severe form or more
advanced stage of the disease.

Since the choroid is a richly-vascularised
anatomical structure, it has been dealt with in our
research work as another vascular parameter.
The importance of studying this layer together
with the plexuses arises from the fact that
currently the images and information obtainable
with Swept-Source OCT (SS-OCT) are of high
quality [15] and make it possible to carry out a
very detailed analysis of it. However, for the
study of retinal plexuses we are using a more
recent technique, OCTA, which at present has
limitations, especially in terms of image
acquisition.

CMT also showed a different behaviour between
the subgroups according to the EDSS, as it
showed a significant decrease in the subgroup of
patients who, at the beginning of the study, had
moderate-severe disability and conversely, in the
subgroup which was initially classified as mild
disability, no differences were found at one year.
On the other hand, we found that, over the year
of the study, in the subgroup of patients in which
the EDSS score did not worsen, we did not
detect significant changes in choroidal thickness;
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nevertheless, the subgroup of patients in which
the EDSS assessment worsened did show a
statistically significant thinning of the choroid.

Different scales are available to measure the
degree of disability of a patient, the most
widely used being the EDSS. These tools are
based on the clinical assessment of the patient,
which in itself is subject to inter-observer
variability and inaccurate quantification [16]. The
results obtained in the study suggest that, in the
case of choroidal thickness, we may have a
useful  marker to complement clinical
scales in the assessment and monitoring of
disability, as it is a quantifiable and reproducible
indicator.

In the study of retinal vascular plexuses, we
focused only on the macular area, partly due to
certain technical limitations of OCTA. No
significant differences between any of the
subgroups according to the type of MS or
EDSS in any moment of the study were
found.

Some of the limitations of the study were the
changes of the OCTA software and the lost of
some patients due to the worsening of their
disease.

It is worth considering whether vascular
parameters can provide additional information to
that already provided by the thickness of the
inner retinal layers. In this respect, choroidal
thickness seems to be a particularly interesting
measurement. Both the CMT and peripapillary
RNFL show, at the one-year follow-up, a
statistically ~ significant decrease but both
parameters seem to provide complementary
information. In the peripapillary RNFL, the one-
year thinning was observed in the subgroups
with generally higher severity at baseline (PPMS
and moderate-severe EDSS). In the case of the
CMT, thinning after a year was equally significant
for all forms of MS regardless of severity;
however, it discriminated between patients with
initially low disability and those with moderate-
severe disability, with a significant one-year
decrease in CMT detected only in the latter.
Moreover, it is the only parameter that has
shown a significant decrease at one year in
those patients whose EDSS score worsened
during the study. Thus, in this longitudinal study,
variations in choroidal thickness seem to closely
reflect the progression of disability in the MS

group.
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4. CONCLUSION

Macular choroidal thickness measured by oct
could be a particularly valuable indicator for
monitoring these patients, especially with regard
to the progression of their disability. Further
research is needed to assess the full clinical
potential of monitoring macular vascular plexus
density by octa and to better understand the
aetiopathogenesis of vascular changes in ms.
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