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Abstract- Multiple sclerosis (MS) is the most prevalent disease caused by the inflammatory demyelinating
process that causes progressive nervous system degeneration over the time. Optical Coherence Tomography
(OCT) is a non-invasive optical imaging technology, which can measure the thickness of retinal nerve fiber
layer as well as the diameter of the macula. The purpose of the study is evaluation OCT findings in two
common types of multiple sclerosis. For doing the cross-sectional study, 63 patients with two prevalent types
of multiple sclerosis (35 patients with Relapse Remitting Multiple Sclerosis (RRMS) and 28 patients with
Secondary Progressive Multiple Sclerosis (SPMS) were evaluated for 6 months. Exclusion criteria of the
study were a history of optic neuritis, suffering from diabetes mellitus, hypertension, ocular disease, and the
presence of other neurologic degenerative diseases. Then, the thickness of retinal nerve fiber layer (RNFL),
as well as thickness and volume of the macula, were measured in the patients using OCT technology. The
disability rate of patients was evaluated according to Expanded Disability Status Scale (EDSS). Finally, data
was analyzed by means of SPSS software. Overall, 35 patients with RRMS (with mean age of 32.37+10.01,
average disease period of 3.81+3.42 and mean EDSS of 1.84+0.45) and 28 patients with SPMS (with mean
age of 39.21+9.33, average disease period of 11.32+5.87 and mean EDSS of 5.12+1.46) were assessed and
compared in terms of retinal nerve fiber layer and size and thickness of macula. In all of these sections, the
thicknesses were smaller in SPMS patients than patients with RRMS. But, there was a significant difference
in total thickness (81.82um versus 96.03pum with P=0.04) and thickness of temporal sector (54.5 um versus
69.34 um with P=0.04) of retinal nerve fiber layer and macular size at the superior sector of external ring
(1.48 mms3 versus 1.58 mm? with P=0.03), and nasal sector of external ring surrounding macula (1.53 mm?3
versus 1.66 mm? with P=0.03). No significant correlation was found among rising disability and reduced
thickness of macula and optic nervous layer. Based on the study results, it can be said that OCT is a useful
method for showing axonal degeneration severity and evaluation of various drugs effects on the course of MS
disease, and thus we can change drugs based on OCT findings for achieving best results.
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Introduction

Multiple Sclerosis (MS) is one of the most common
diseases caused by the inflammatory demyelinating
process (1) that seems to be an immune-mediated
disorder in Central Nervous System (CNS) (2,3). This
chronic, progressive and degenerative disease of the
CNS system is characterized by small demyelinating

plaques in the brain and spinal cord, and it also leads to
progressive degeneration of axons and loss of the
neurons (4). This Progressive degeneration of neurons
over the time has brought this disease as one of the most
common causes of acquired neurologic disability (5).

In most of the patients, MS is presented with
Relapse-Remitting courses (Relapse Remitting multiple
sclerosis RRMS) and many of these patients later
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progress to Secondary Progressive Multiple Sclerosis
(SPMS) 6).

Progression rate of the disease varies (7). A
disability scale which is frequently employed in the
study of disability among the patients is “Expanded
Disability Status Scale” (EDSS) that is graded from zero
for normal neurological examination and functions to
ten for mortality caused by disease (1).

Etiology of MS disease is unknown (8,9). It has been
referred to autoimmune and infectious mechanisms in its
pathogenesis  that eventually characterized by
demyelination, gliosis, axonal damage and degeneration
of neurons in the brain and spinal cord (10).
Degeneration of neurons and axons are considered as the
important presentation of multiple sclerosis that involves
anterior optical pathway (11). Retinal Nerve Fiber Layer
(RNFL) is made of axons of retinal ganglionic cells,
which transfer optic data from retina to brain through the
optic nerve and as long as it does not exit from the eye,
it lacks myelin sheath so it can be directly visible. Thus,
it may indicate us the affection of axons in various
diseases. In the absence of optic neuritis, retrograde
trans-synaptic degeneration of retinal ganglion cell due
to multiple sclerosis lesions within the posterior optic
pathways could cause RNFL loss (12,13).

In contrast to demyelinating process, degeneration of
axons is irreversible, and it is assumed as the important
cause of disability in the patients. It is demonstrated that
degeneration of axons takes place at the primary phase
of disease therefore the early use of neuroprotective
medications is recommended in the disease (13).

Recently, OCT (Optical coherence tomography)
technique has been utilized as a potential tool to explore
axonal degeneration in patients with MS.

OCT is a non- invasive optical imaging technology
in which the light near to infrared spectrum is employed
for the preparation of sectional and or three dimensional
images from the retina, and it can measure the thickness
of retinal nerve fiber layers as well as macula (2).

Today, along with technological advancement, OCT
imaging technique has been also subjected to change
and development. In many previous studies, Time-
Domain (TD-OCT) technique was utilized. Recently,
Spectral- Domain (SD-OCT) method is available that
provides high quality and higher- resolution images
without wasting a lot of time (4,13). The thickness of
RNFL and macula are measurable parameters in the
OCT. The reduced thickness of these layers has been
observed in eyes with or without a history of optic
neuritis in MS- patients (4,13).

According to the previous studies, there is a significant
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relationship between the quantities measured by OCT in
retinal atrophy with axonal degenerative parameters in
MRI as well as parameters of disability and cognitive
functions (4,14).

The periodic examination for axonal degeneration is
considered as a priority in MS- patients and OCT are
deemed as a sensitive, accurate, and non- invasive
method in this regard (13).

Since the OCT may act usefully in the diagnosis of
neuronal and axonal degeneration and with regard to the
importance of early diagnosis of neuronal and axonal
loss and insufficiency of the previous studies in the field
thus, the current research was carried out to improve
diagnostic trend and treatment plans of Multiple
sclerosis (MS) diseases.

The differential aspect of this study from most of the
previous studies in this regard is related to using OCT
for measurement of thickness of Retinal Nerve Fiber
Layer (RNFL) as well as thickness and volume of
macula in two common types of multiple sclerosis (i.e.
RRMS and SPMS), which have been separately
evaluated according to different parts of these and
finally determine correlation between these findings and
rate of disability among the patients. since the axonal
damage more frequently occurs in SPMS type than in
RRMS type thus presence of significant relationship
among OCT findings and clinical signs of this type of
MS, one may express that OCT serves as an appropriate
tool for evaluation of neuronal degeneration and at the
same time it can be used for presentation of a favorable
model to evaluate the effects of new treatments plans in
multiple sclerosis, especially for neuroprotective drugs.

Materials and Methods

For doing the cross- sectional study, 35 patients with
RRMS and 28 patients with SPMS types who had
referred to Neurology center in southern Iran at the
Chamran Hospital of Shiraz city were evaluated so that
diagnosis of their disease was determined by an
experienced neurologist based on previous file, history
of disease, physical examination, and MRI findings.
Then, the needed information was given to the patients
about methods and goals of study as well as the lack of
risk for this purpose, so the patients participated in the
study with full awareness. The given questionnaire was
filled out, and then OCT was done for them, and their
findings were recorded. Inclusion criteria of the study
were the patients with Relapse Remitting Multiple
Sclerosis (RRMS) and Secondary Progressive Multiple
Sclerosis (SPMS) types that were selected based on
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McDonald Criteria (2010) (15) and was done by an
experienced neurologist. The exclusion criteria of the
study were a history of optic neuritis ,history of the
recent attack of disease during last six months; suffering
from diabetes mellitus, hypertension, and ophthalmic
diseases (glaucoma and retinal diseases, etc.); the
patients with a refractive error greater than 5diopters;
suffering from other neurodegenerative disorder except
MS. The previous history of optic neuritis was identified
according to former medical evidence and self-reporting
of patient or result of Visual Evoked Potential (VEP).

Afterward, EDSS rate was measured in those patients,
and a questionnaire was filled out for this purpose by a
neurologist. Then, patients were referred to
ophthalmology clinic for doing of OCT.

OCT test was done with the device of (Spectralis
HRA+ OCT Heidelberg Engineering GmbH) via
specific software (version 5.4) on both eyes of patients;
that was done by a well-trained and experienced
specialist in this field. The thickness of RNFL and
volume and thickness of macula were measured in
different sections (Figures 1,2).
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Figure 1. The figure shows image of optic nerve and thickness of its surrounding retinal nerve fiber layer in both eyes of a patient with thickness

diagrams and thickness range of the layer. The circle in inferior of the figure shows thickness layer and thickness range of the layer based on um. The

mentioned ring divided to supranasal (NS), nasal (N), inferonasal (IN), inferotemporal (TI), temporal (T), supratemporal (TS) and G (indicate total

thickness) parts that the thickness of each layer is expressed as a number and also, each layer is determined by a color including green, yellow and red

that show layer thickness based on age and gender. Green, yellow and red colors showed normal, borderline and decreased the thickness of related

parts, respectively.
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Figure 2. The figure shows macular Image of both eyes with thickness and volume diagram of the macula in its different parts. The circle in the

image has three rings in the inside: Central, internal and external rings with diameters of 1, 3 and 6 millimeters, respectively. Internal and external

ring divided into 4 parts of superior, inferior, temporal and nasal (the area is adjacent to temporal part of optic disk). In the each part, thickness and

volume based on micrometer and millimeter are determined, respectively. Also, total volume is mentioned in superior part of the diagram

The measured values were compared according to a
normal database of the device and based on age and
gender via device software. Scan protocol for RNFL was
done as 3.4 mm ring around the end of the optic nerve
and as three rings for macula (central ring with 1 mm
diameter, internal ring with 3 mm diameter and external
ring with 6 mm diameter around of macula center).

After doing of OCT, the given images and quantities
were evaluated under the supervision of an experienced
ophthalmologist, and if the images had low quality, they
were tested again. Data from any patient for each eye
were selected randomly for analysis, and then the given
findings and quantities were recorded and finally
analyzed.

Data was entered into SPSS software after collection.
Descriptive statistics, t-test, a test of Analysis of
Variance (ANOVA), Chi-Square test and Analysis of
Covariance (ANCOVA) (for control of variables of age
and period of the disease in both groups) were used for
data analysis (Significance level was P<0.05).

Results

Overall, 35 RRMS-patients (9 male and 26 female
with mean age of 31.97+9.98) and 28 SPMS-patients
(12 male and 16 female with mean age of 38.29+9.5)
were studied. The average age for starting disease was
28.84 year in RRMS group and 27.89 years in SPMS
patients.

The thickness of RNFL was measured for all of the
patients by OCT. Since the parameters of the age and
period of the disease have effects on the thickness of
RNFL thus the statistical analysis of Covariance
(ANCOVA) was used for two groups to control these
variables. The results of both parts of RNFL and macula
are separately shown in Tables 1 and 3.

The RNFL findings were calculated and recorded in
two forms by OCT where one shows layer thickness in
micrometer, and the other indicates the limit of layers
thickness by the color coding pattern. The information
was recorded in all parts around the optic disk in both
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groups of patients (Table 1).

The thickness of RNFL in all measured sectors was
smaller in SPMS patients than the thickness of this layer
in RRMS patients, and there was a significant difference
in the temporal sector and the total thickness of this
layer between two groups.

Thickness and volume of different parts of macula
were measured for 21 RRMS-patients and 22 SPMS-
patients. The statistical analysis was done among two
groups using Analysis of Covariance (ANCOVA) to
control variables of age and duration of disease. The
findings are shown in Tables 4 and 5.

Thickness in different parts of macula was smaller in
SPMS-patients than in RRMS-patients; however, there
was a significant difference only in the thickness of
superior and nasal sector of external ring.

Also, macular volume was similar to its thickness in
two groups; the volume in the measured parts of macula
was smaller in SPMS-patients than in RRMS-patients.
But, there was a significant difference only in the
thickness of superior and nasal sector of external ring.
So, there was no significant difference in total volume of

macula between two groups.

The RRMS-patients had EDSS rate from 1 to 3
while this value ranged from 2 to 7 in SPMS patients
(Table 2).

Correlation between RNFL thicknesses reductions
and disability of patients was evaluated based on EDSS
scale as well. Since the EDSS values ranged from zero
to ten, and there was a high dispersion among these
values compared to the studied population in any group,
so these quantities were divided into three groups with
mild disability (EDSS: 0-3), moderate disability (EDSS:
3-6), and severe disability (EDSS: 6-10). All RRMS
patients were classified in the first group, and the
comparison was not feasible practically. The analysis
was done using Analysis of Variance (ANOVA) in
SPMS group. Based on the values derived from OCT, in
many parts of macula and RNFL, as EDSS rate was
higher in a patient, the thickness of RNFL was smaller,
but this relationship was not significant. Out of 28
SPMS patients, seven patients were placed in the first
group, other seven patients were in the second group,
and 14 patients were classified in the third group.

Table 1. Comparison of mean thickness of RNFL (p) in
both groups of RRMS and SPMS ANCOVA

Average thickness of RNFL RRMS  SPMS P. value
At superior sector of nasal 102.26 92,61 0.50
quadrant

At nasal quadrant 73.51 62.14 0.06
At inferior sector of nasal 110.74 94.68 0.06
quadrant

At inferior sector of 140.20 119.21 01
temporal quadrant

At temporal quadrant 69.34 545 0.04
At superior sector of 13271 113.82 0.14
temporal quadrant

Average thickness of global 96.03 81.82 0.048

section at

Table 2. Comparison of demographic traits in all
patients in both groups of RRMS and SPMS

Variable N=, RRMS N=, SPMS

Quantity 35 28

Age (mean +SD) 32.37+10.01 39.21+9.33

Gender(percent) Male: 14.28 Male: 19.04
Female: 41.26 Female: 25.39

Mean EDSS 1.84 + 0.45 5.12 +1.46

Disease period (year) 3.81+3.42 11.32 +5.87
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Table 3. Comparison of range of RNFL thickness in both

groups of RRMS and SPMS
RRMS SPMS  P-Value

Average thickness of Normal 94.28 92.85
RNFL at superior borderline 571 714 1
the lobe of the nasal level
quadrant Reduced 0 0
Average thickness of b(';'rzgﬂ?ée 100 89.28 0.03
RNFL at nasal level 0 10.71 ‘
quadrant Reduced 0 0
Average thickness of Normal 100 89.28
RNFL at inferior borderline 0 1071 0.08

level ’
the lobe of the nasal
quadrant Reduced 0 0
Average thickness of Normal 91.42 57.14
RNFL at inferior borlderllme 285 35.71 0.017
the lobe of the eve
temporal quadrant Reduced 571 7.14
Average thickness of b(’)\‘rgm?rlle 82.85 57.14 0.003
RNFL at temporal level 14.28 7.14 ‘
quadrant Reduced 2.85 35.71
Average thickness of Normal 91.42 60.71
RNFL at superior borderline 0.012

2.85 21.42
the lobe of the level
temporal quadrant Reduced 5.71 17.85
Average thickness of Normal 91.42 46.42
- borderline

global section level 0 14.28 0
At RNFL Reduced 8.57 39.28

Table 4. Comparison of mean thickness (um) of macula,
internal and external surrounding rings in both groups of
RRMS and SPMS

RRMS SPMS P-Value

Central part of macula 257.86 256.68 0.98
Superior sector of interior
ring 340.90 323.50 0.22

surrounding of the macula

Nasal sector of interior ring

- 338.76 323.59 0.36
surrounding of macula
Inferior I(_)be of interior rings 336.05 320 0.30
surrounding of macula
Temporal sector of interior 32481 313.68 0.49

ring surrounding of macula

Superior sector of exterior

ring 299.38 280.36 0.03
surrounding of the macula
Nasal sector of exterior ring
surrounding of macula
Inferior sector of exterior
ring 290.81 273.05 0.13
surrounding of the macula

313.67 289.68 0.02

Temporal sector of exterior

. . 285.95 270.05 0.06
ring surrounding of macula
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Table 5. Comparison of average size (mm3) of macula,
internal and external surrounding rings in both groups of
RRMS and SPMS without history of optic neuritis

RRMS SPMS  P-value
Central part of macula 0.2 0.201 0.98
Superior sector of interior ring 053 0.50 0.30
surrounding of the macula ‘ ' '
Nasal sector of interior ring 053 0.50 033
surrounding of macula ' ' '
Inferior sector of interior ring
surrounding 0.52 0.50 0.30
of macula
Temporal sector of interior ring 051 0.49 05
surrounding of the macula ‘ ' '
Superior sector of exterior ring 158 148 0.03
surrounding of the macula ' ' '
Nasal sector of exterior ring
surrounding 1.66 1.53 0.03
of macula
Inferior sector of exterior ring 154 144 012
surrounding of the macula ' ' '
Temporal sector of exterior ring 151 143 0.057
surrounding of the macula ' ' '
Macular total size 8.59 8.11 0.08

Discussion

Different aspect of the current research from many
previous studies in the field is related to doing OCT to
measure thickness of Retinal Nerve Fiber Layer (RNFL)
and thickness and volume of macula in both common
types of Multiple Sclerosis (SPMS and RRMS) in the
patients without history of previous optic neuritis, which
have been separately evaluated based on different parts
of the eye and finally the given relation between the
findings and rate of disability in the patients. Detail of
thickness change of RNFL layers was not evaluated in
any other study similar to the current research. The
thickness of RNFL in all points of around of optic disk
was smaller in SPMS group than in RRMS group in this
study; however, a significant difference was seen only in
total thickness and temporal sector thickness. Thickness
in the temporal sector was 50.54um in SPMS patients
and 69.34um in RRMS patients (P=0.04). Similarly, the
total thickness of RNFL were 81.82 um in SPMS patient
and 96.03um in RRMS patients (P=0.04). Therefore,
these findings are aligned with the results of study that
was done on types of multiple sclerosis by Pulicken et
al., (2007) (16). In their study, total thickness of retinal
nerve fiber layer was 94.4um and 81.8um in patients
with RRMS and SPMS types, respectively where it was
significantly smaller than in control group. Likewise,
these findings are consistent with the study results
Oberwahrenbrock et al., (2012) (4) on 414 MS- patients
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and 94 healthy persons. In other words, regardless of
type of disease and without history of optic neuritis, the
patients with multiple sclerosis showed distinct
reduction in thickness of RNFL and total volume of
macula compared to control group (£<0.011) and total
thickness of RNFL was smaller in type SPMS patients
(83.14) than in type RRMS (92.03) (P=0.007).

Of course, these findings were not consistent with
study of Fathi e al., (17), who compared the rate of
RNFL thickness in three groups of RRMS, SPMS, and
CIS (Clinically isolated syndrome) by means of OCT
non- invasive test and they did not find significant
difference between three groups in terms of RNFL
thickness rate (P>0.05).

The results of our study are similar to the research of
Noval et al., (2010) (18) in OCT field among patients
with MS and NMO (Neuromyelitis optica). According
to that study, temporal lobe is the most vulnerable part
in RNFL against process of MS disease and reduction in
thickness of this region is often deemed as the only
symptom which may differentiate between MS patients
and healthy persons and the current study, in addition to
showing the reduced thickness of RNFL in SPMS
patients compared to RRMS patients, also, it
demonstrated a significant difference in temporal lobe
thickness compared with other regions. Also, this
finding is consistent with the study results of Noval et
al, in terms of the highest involving part and the that
involvement is prominent in SPMS type, so it can be



observed as more reduction in thickness of RNFL
among SPMS npatients in their OCT, a status that is
similar to our study results.

So, based on the mentioned researches results, the
current research shows this significant difference in
temporal lobe further than other regions in addition to
indicating reduced thickness of RNFL in SPMS patients
compared with RRMS patients.

In terms of thickness range between two groups,
more than of the patients with SPMS type had decreased
or borderline RNFL thickness in the OCT compared
with RRMS group; however, there was a significant
difference among both groups in the thickness of
inferior and superior temporal lobes and total thickness
(Table 1).

Based on thickness and volume of different parts of

the macula in results of the current study, it can be
expressed that thickness in the measured points of the
macula is smaller in SPMS patients than in RRMS
group, but there was a significant difference only in the
thickness of superior and nasal lobes in the external ring.
Also, there was such a status between two groups in
terms of volume, but no significant difference was found
in the total volume of macula between two groups.
In the cross sectional study of Oberwahrenbrock et al.,
(4) on 414 patients affected by MS with 94 healthy
persons by means of OCT technique, the macular total
volume was 8.32 mm3 in SPMS type compared to 8.54
mm3 in RRMS type that is significantly smaller
(P=0.039). Our study showed this significant difference
only in some points of macula adjacent to the region of
the temporal disk.

No other study was found in which the size and
volume of macula were compared in these two types of
multiple sclerosis while most of the studies had
compared macular volume between MS patients with
healthy persons. For instance, in a study in which
Fjeldstad et al., (10) examined 30 RRMS patients by
means of HD-OCT technique, the mean thickness of
macula was 280um in RRMS patients that were smaller
than in control group (287 pum) (P<0.05). Similarly, in
the study of Trip et al, (19), who evaluated twenty five
of patients with MS via OCT, the size of macula was
reduced 11% further in patients with history of optic
neurosis (6.10 mms3) compared with its size in the
control group (6.83 mm3) and this reduction was 9% in
the patients that suffered from disease compared to eye
without disease (6.71 mms3) (P<0.001).

In a study that was done by Khanifar (2010) (20) on
eyes of 94 patients suffered from MS, he measured
macular volume and RNFL by OCT and compared them
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with a control group where MS patients showed
significantly reduced thickness in interior and external
nasal lobe compared with the normal persons. The study
is consistent with our survey in terms of region of
reduced thickness, but no comparison was made
between two types of multiple sclerosis in the study of
Khanifar.

Correlation between thickness reduction of different
part of RNFL and disability of patients was evaluated by
using the EDSS disability scale (21,22). Since the EDSS
values range from zero to ten and with regard to high
dispersion of these quantities and small sample size in
any group, we divided these values into three groups
with low disability (EDSS:0-3), medium disability
(EDSS:3-6), and high disability (EDSS:6-10). All of
RRMS patients were classified in the first group (low
disability), so this comparison was not practically
feasible. Based on OCT findings, in many points of
macula and NFL as patient’s EDSS was higher, RNFL
thickness was smaller, but there was generally no
significant relationship among disability of patients with
a reduction in thickness. Although there were not
consistent results in the previous studies, it seems that
with regard to the dispersion of EDSS values, the
number of our patients to be small for this comparison
so it requires a greater sample size for appropriate
comparison in this regard.

Reduction of thickness and size of the macula in its
nasal lobe complies with reduction of thickness in
RNFL in the current study since papilla macular bundles
are placed in the nasal lobe of the macula and, the
macular thickness at this point of macula decrease with
degeneration of RNFL (20).

Overall, this study indicated that total thickness of
RNFL as well as its thickness in the temporal lobe and
also thickness and size of the macula in its nasal lobe is
significantly different among two RRMS and SPMS
groups. These findings confirm the results of previous
researchers, which showed the involvement of RNFL
temporal lobe following to MS process and additionally
they indicated that the maximum changes take place in
this region as the disease progresses as well. Based on
the study results adaptation with pathologic process of
MS disease, it seems the maximum involvement of
RNFL occurred at temporal lobe and given that to the
existing significant difference between results of two
groups, it can be implied that the OCT is assumed as an
appropriate tool to display axonal degeneration in
patients with multiple sclerosis and physician can
evaluate the effect of different drugs on disease process
with accurate selection of the patients and doing of OCT
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in regular intervals and thereby formulate schedule for
treatment of patients and select more efficient therapy
for patients as it required.

Since the physicians play an essential role in
counseling programs and interventions in training
activities, thus they can reduce disability rate of the
patients by improving awareness and information of
patients for follow-up and early diagnosis of the MS
disease. Reception of the patient and follow-up
processes of treatment as well as prevention of side
effects will be done better with the improvement of
ability status and patients with MS, and their families
may be less damaged so it seems OCT can play a helpful
role in this regard.
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