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Abstract
● AIM: To identify a link between optical coherence 
tomography (OCT), length of multiple sclerosis (MS) and 
the expanded disability status scale (EDSS).
● METHODS: In a prospective double blind study, 29 
patients with a diagnosis of MS were compared with 29 
healthy patients, matched by age and sex. All participants 
underwent an OCT study and neurological EDSS test on 
the same day.
● RESULTS: The mean EDSS score was 3.2 in the MS 
group vs 0.03 in the control group, and the duration of 
MS is 11.7y. The mean retinal nerve fiber layer (RNFL) 
thickness was significantly thinner in those with MS 
(P<0.001). Correlation was found between duration of MS 
and RNFL thinning. EDSS and thinning of RNFL showed a 
tendency to correlate but without statistical significance.
● CONCLUSIONS: RNFL is thinner in MS patients than 
in the general population. MS duration has a direct 
statistically significant effect on RNFL thickness. There 
seems to be a tendency of a relationship between RNFL 
thinning and EDSS. OCT is suggested as a monitoring and 
evaluation tool of MS patients.
● KEYWORDS: multiple sclerosis; retinal nerve fibrous 
layer; optical coherence tomography; expanded disability 
status scale
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INTRODUCTION

M ultiple sclerosis (MS) is an inflammatory disease 
of the central nervous system (CNS). The disease 

manifests itself as a reaction against certain parts in the CNS, 
and eventually causes de-myelination and axonal damage[1]. 
Changes in brain tissue cause neurological deficits. A 
common manifestation of MS is acute phase accompanied by 
degenerative changes. In the acute phase, many gray matter 
components and white matter are damaged. MS damages all 
brain components and unmyelinated nerve tissue[2-5].
There are two common tools to monitor and assess the 
development of the disease and its stages-magnetic resonance 
imaging (MRI) and expanded disability status scale (EDSS). 
MRI is the main imaging study and is used to assess the 
magnitude and location of the inflammatory response[6]. 
EDSS is the main clinical scale, and enables the clinician to 
assess patients’ condition and disease stage[7]. EDSS assess 
the clinical function of 8 different systems, i.e. pyramidal, 
cerebellar, cerebral, brainstem, gastrointestinal & urinary, 
sensory, visual, and other systems. A higher score implies a 
more damaged condition[8].
Major discrepancies exist between MRI studies and clinical 
condition. Due to the sporadic nature of inflammatory lesions, 
many have no clinical or functional significance. On the one 
hand, a patient may function well and be without a clinically 
detrimental condition in the midst of an acute inflammatory 
state. On the other hand, a small lesion may cause a major 
deficit. Thus, the contribution of MRI to clinical assessment is 
partial at most[9]. MRI equipment is also expensive and is not 
available in all neurological departments.
A major disadvantage of EDSS is the lack of correlation of the 
clinical condition with imaging studies or laboratory workup. 
Thus, patient evaluation does not reflect the progress of MS 
at the histological and molecular level. At present, there is no 
effective and reliable tool to diagnose and evaluate the stage of 
MS that will correlate with EDSS.
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Optical coherence tomography (OCT) is a non-invasive 
imaging study based on interferometry and infra-red spectrum 
light dispense. It produces 3-dimensional multi-layer high 
resolution images of biological tissue. The main application 
of OCT is the imaging of the retina and its layers[10]. OCT 
imaging can produce a retinal image with a resolution of less 
than 10 micrometer. Retinal nerve fibrous layer (RNFL) is 
composed of nerve cells that create the optic nerve (CN2). 
Good imaging of RNFL can be attained with OCT, without the 
need of X-ray radiation or an invasive procedure. It is a short, 
inexpensive, and effective imaging study.
Neural degeneration in the anterior pathway of CN2, 
manifested as optical damage, is one of the most common 
aspects of MS. About half (30%-70%) of patients have an 
acute optic neuritis (ON) event during their course of illness. 
Post-mortem investigations found CN2 sedimentations to 
correlate with MS in 90%-94% of patients[10]. RNFL thickness 
is 110-120 micrometers in naïve patients. Studies have shown 
changes in RNFL thickness in up to 46% of MS patients with 
an ON event, compared to a control group; change in up to 
28% of RNFL thickness has been shown, when comparing 
affected and non-affected eyes of the same patient[11]. Thus, a 
change in RNFL thickness does not correlate with an acute ON 
effect but rather with the neurodegenerative course of illness.
In this study we examined if the RNFL thickness in the optic 
disk (OD) and macula correlates with disease duration and 
clinical condition. The aim is to determine if RNFL thickness, 
as measured in OCT, can be used to monitor MS patients more 
effectively than the methods that are currently used.
SUBJECTS AND METHODS
A prospective double-blind study was designed; technician and 
analyst were blind to the group the patients are assigned to. 
The MS group was comprised of 29 patients with a diagnosis 
of MS. The control group comprised 29 consecutive healthy 
patients of the ophthalmology department in Ziv Medical 
Center, who were treated for reasons other than MS, and 
whose known disease does not affect RNFL, mainly cataract. 
All control group patients underwent an ophthalmologist 
examination, including Snellen chart, in order to prevent bias. 
In both groups there were no patients with a diagnosis of optic 
neuritis. Mean ages and sex distribution of the two groups is 
presented on Table 1.
All participants underwent an OCT study and neurological 
EDSS test by a neurology consultant on the same day, in 
order to preclude changes between imaging time and clinical 
evaluation. Measurements were taken 500 μm temporal to 
the macula and around the OD. The temporal location was 
decided upon randomly and 500 μm was chosen in order to not 
measure the macula. The thickness was measured manually 
using a curser, using the horizontal scan line. The technician 

measured the thickness 3 times and the average was recorded. 
Radial line protocol was chosen in order to exam if the RNFL 
near the disk is affected by MS and if there is a certain segment 
that is more affected. In order to find if there is an impact of 
MS on other parts of the retina, we chose a spot, temporal 
to the macula in order to avoid the effect of other situation 
like peripapillary atrophy, myopic changes etc. that may 
occur nasal to the macula. Optic disc as divided into 12 parts, 
marked R for right and L for left, 1-12 respectively. The OCT 
used was the OCT SLO (OPKO instruments/OTI-Canada) and 
operated by a certified technician using a radial lines protocol. 
Patients registered their data on the same day with the research 
coordinator to assure correlation between EDSS and RNFL 
thickness.
Statistical significance was P<0.05 in a two sample T-test in 
quantitative variables or in Pearson’s correlations test between 
different parameters. The data was analyzed using the SPSS 
version 20.0.0.2 (SPSS Inc. Chicago, IL, USA).
The Institutional Review Board of Ziv Medical Center 
approved the study. All participants signed an informed 
consent to participate in this study.
RESULTS
Mean EDSS score was 3.2 in MS group in comparison to 
0.03 in control group, and duration of MS illness was 11.7y. 
Measured thickness of the temporal point in the inner part of 
the retina (in relation to the vitreous body), the RNFL, was 
significantly thinner in the MS group: 25.3 and 26.5 μm (right 
and left eyes, respectively), compared to the control group-95.0 
and 91.2 μm (P<0.001). Such difference between the MS and 
control groups was not observed in the thickness of the outer 
parts of the retina (Table 2). Other parts of the retina were 
not measured due to the nature of MS which insults the nerve 
fibers.
Correlation was found between the duration of MS and 
RNFL thinning. Correlation between EDSS and duration of 
illness was found, but EDSS and thinning of RNFL showed 
a tendency to correlate, without statistical significance. Full 
results appear in Table 3.
Both left and right OD showed a statistically significant 
difference between the cohort and control groups. The difference 
was more noted in the temporal side but was statistically 
significant when combining all parts of OD (Table 4).

Table 1 Demographics of MS and control group

Parameters Control (n=29) MS (n=29) P

Gender (Female, %) 18 (62.1) 21 (72.4) 0.401

Age (y) 52.8±7.6 42.9±13.6 0.001

Duration of illness (y) 11.7±7.4
EDSS score (0-10) 0.03±1.9 3.2±2.0 <0.001

MS: Multiple sclerosis; EDSS: Expanded disability status scale.

OCT for assessing and monitoring multiple sclerosis
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DISCUSSION
MS is a chronic and progressive disease with several subtypes, 
such as relapsing-remitting, primary or secondary progressive, 
and benign MS. While the patients with each subtype may 

change in their course and natural history of the disease, they 
are all evaluated according to the same scales and treated 
by the same physicians. Such as, it is important to identify 
an assessment and follow-up tool for MS patients that will 
comply with the first rule of medicine-Primum non nocere.
A clinical scale such as EDSS is a relatively easy to apply, 
cost-effective and non-harmful way to examine patients and 
to follow-up on the clinical state of MS. EDSS validity is not 
questionable[12-15]. Nevertheless, as with any clinical scale, its 
inter- and intra-evaluator reliability is debatable, and reliability 
seems especially lacking in the lower range of the scale[15-16]. 
EDSS is also somewhat insensitive to subtle changes in 
patients’ clinical condition[17].
RNFL is an extension of the CNS, located in a relatively 
accessible site. Thus, it is a likely place to examine the long-
lasting effect of MS on the CNS, and also to follow-up on 
disease status and complications.
RNFL thickness in patients with MS was the subject of several 
studies, as well as a Meta-analysis[18]. RNFL gets thinner 
with age, and RNFL thinning is currently recognized as part 
of the pathophysiology of MS, and probably plays a role in 
the clinical deterioration of patients with MS[19]. Our cohort, 
in comparison to the control group, showed a statistically 
significant thinner RNFL, even with the control group 
statistically significant older. This data allowed us to proceed 
to the next step in our study and to seek a connection between 
MS duration and the clinical manifestation, as is observed in 
EDSS, to RNFL thickness.
Our cohort showed a pattern of increasing RNFL thinning 
with the duration of MS. The natural history of MS is of a 
continuous insult to the white and gray matter. This occurs 
whether the inflammation relapses without returning to the 
baseline condition, progresses without a remitting phase or 
even in the benign form of MS, in which a consistent insult 
takes a toll on the RNFL. Indeed, this unique RNFL behavior 
has been described in MS[20]. The authors do not have an 
explanation why the correlation is better in the left eye rather 
the right eye and have chosen to bring forward the data as is.
MS group showed a tendency to correlate EDSS and RNFL 
thickness, as measured in OCT. However, this correlation 
did not reach statistical significance. We suggest a number of 
reasons for the lack of statistical significance. First, despite the 
observed tendency, the correlation may be only coincidental. 
Second, the cohort may not have been large enough and a 
larger cohort would possibly support our hypothesis. Third, 
since MS is generally a progressive disease, EDSS may be a 
confounder in the correlation between MS duration and RNFL 
thinning.
If the correlation of RNFL thickness and EDSS can be proven, 
the authors believe that OCT should be strongly considered 

Table 2 RNFL thickness, as measured by OCT (µm)        mean±SD
PMS (n=29)Control (n=29)Parameters

OCT-right
<0.00125.3±3.895.0±25.7 RNFL
0.62579.5±4.778.8±5.9 Retinaa outer

OCT-left
<0.00126.5±4.391.2±29.5 RNFL
0.19779.5±4.577.2±8.1 Retinaa outer

MS: Multiple sclerosis; RNFL: Retinal nerve fiber layer; OCT: 
Optical coherence tomography. aOuter retina-Bruch’s membrane, 
retinal pigmented epithelium and photoreceptors.

Table 3 Pearson’s correlations between duration of illness, EDSS 
and RNFL

Group Critteria Duration 
of illness

EDSS 
score

RNFL-
right

MS Duration of illness (y)
EDSS (0-10) 0.528a

RNFL-right -0.321 -0.239
RNFL-left -0.663b -0.275 0.616b

Control RNFL-left 0.700b

EDSS: Expanded disability status scale; RNFL: Retinal nerve fiber 
layer; MS: Multiple sclerosis. aP<0.01, bP<0.001.

Table 4 Right (R) and left (L) optic disk (OD) values    mean±SD
PControl (n=29)MS (n=29)Section

0.00162.1±8.952.1±11.5R1
0.02288.0±13.477.6±19.9R2
0.710127.1±19.1124.9±26.0R3
0.090119.8±23.4130.7±25.6R4
0.214122.1±21.8115.1±20.4R5
0.08489.6±9.695.7±15.9R6
0.60075.2±10.976.9±13.4R7
0.01175.2±8.683.1±13.9R8
0.467106.5±11.2103.2±21.3R9
0.806122.7±20.1121.1±30.0R10
0.078134.0±16.1123.7±26.4R11
0.00297.2±31.374.2±21.2R12
0.00957.9±8.951.0±10.7L1
0.00058.9±15.668.9±13.5L2
0.041123.4±22.6111.8±19.6L3
0.961118.4±22.9118.7±29.9L4
0.990118.8±21.8118.7±20.1L5
0.42091.2±9.994.9±22.5L6
0.11976.4±10.670.8±15.6L7
0.82875.4±9.276.2±17.2L8
0.317105.9±10.8101.5±20.8L9
0.102117.0±17.3127.8±30.4L10
0.300132.3±17.7126.2±26.0L11
0.03583.9±27.070.8±14.1L12

MS: Multiple sclerosis.
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as a follow-up and assessment tool for MS patients. It is as 
unharmful for patient as MRI, but much more accessible and 
easier to apply. OCT is an objective tool, with its sensitivity 
only limited by technology, and it is constantly improving. 
Some have claimed that OCT is better for the detection of MS 
than for its follow-up[21], However, the findings of the current 
study and the possible correlation between RNFL thickness 
and EDSS can be supported, the authors believe, may lead to a 
new and improved tool to be used by neurologists.
A limitation of this study is the small number of patients in 
the cohort, which may be the reason for the non-statistically 
significant trend observed between EDSS and RNFL thinning.
In this study we have found data supporting our hypothesis 
that MS patients have a thinner RNFL and that MS duration 
has a direct effect on RNFL thickness. The data collected 
is statistically significant. There seems to be a tendency of 
a relationship between RNFL thinning and EDSS; further 
investigations might show a statistically significant difference. 
Until such a relationship is proven beyond all doubt, the data 
collected here supports the hypothesis that RNFL thinning is 
in a close relationship to MS progression and duration. OCT is 
suggested as monitoring and evaluation tool of MS patients.
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