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AB STRACT
Background: Multiple Sclerosis (MS) is a neurodegenerative disease of central nervous
system. Different approaches have been developed to study MS progression and cognitive
dysfunction as the major symptom of the disease. The current study compared Optical
Coherence Tomography (OCT) and Corpus Callosum Index (CCI) for the early evaluation of
cognitive dysfunction in MS patients.
Objectives: The aim of this study is to compare OCT with CCI in early evaluation of cognitive
dysfunction in MS patients.
Materials & Methods: In this study, a total number of 30 patients with relapsing-remitting
MS referring to outpatient clinic of Shafa Hospital (Kerman, Iran) were selected in 2016.
CCI was assessed by MRI. The cognitive function of MS patients was evaluated by brief
international cognitive assessment for MS and retinal nerve fiber layer thickness was measured
by OCT. The obtained data were analyzed using SPSS, and the Chi-square test was used to
compare the categorical variables.
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Results: In this study on MS patients of both sexes and different ages, there was no significant
correlation between cognitive status and CCI (P=0.804). Among the group with impaired
cognition, 81.8% of patients had abnormal OCT, and only 2 patients had normal OCT.
Furthermore, our data showed a significant correlation between OCT and cognition (P=0.026).
Conclusion: According to this study, OCT is as useful method in the evaluation of axonal
loss and predicting cognitive dysfunction in MS patients, compared to CCI or other measures.
Keywords: Multiple Sclerosis, Optic coherence tomography, Corpus Callosum Index,
Cognitive function
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Highlights
● Measuring retinal nerve fiber layer thickness can be used to predict cognitive impairment in MS patients.
● This technique can replace other methods such as brain imaging and cognitive tests by providing a quantitative assessment; also this measurement estimates MS progression or axonal loss.

Plain Language Summary
Multiple sclerosis, as one of the central nervous system diseases, can affect cognitive functions. There are different
ways for early diagnose of cognitive impairments in MS patients such as memory tests, brain imaging and Optic Coherence Tomography (OCT) method for measurement of nerve fiber layer thickness of the retina. This study compared
power of brain imaging with OCT to predict cognitive disturbances in MS patients.

M

Introduction

ultiple Sclerosis (MS) is an immunemediated disease of the Central Nervous System (CNS) with both inflammatory and degenerative components
[1]. Axonal and neuronal degeneration
seem to be the pathological processes responsible for
permanent disability in this disease [2]. Cognitive dysfunction is among major aspects of MS neurodegeneration which involves recent memory, attention, information processing speed, and executive functions [3, 4]. As
the disease progresses, patients may experience greater
difficulties at work, in social interactions and daily activities, regardless of physical defects.
Different cognitive tests are used in the screening or
evaluation of cognitive function in MS; however, the
use of such tests are limited due to being time consuming and costly, and disregarding domain extent/specificity. Physical disability does not accurately predict
cognitive dysfunction in these patients [3, 5]. Thus,
there is a great need to identify objective and quantitative methods with high sensitivity and specificity for
the early evaluation of axonal degeneration, including
cognitive disorders in patients with MS.
Various studies highlighted the role of neuroimaging
in the evaluation of neuronal degeneration and cognitive dysfunction in MS [6, 9]. Axonal loss has been reported in the Corpus Callosum (CC) of MS patients, a
major white matter bundle, connecting the cortical and
subcortical regions of both hemispheres [10, 11]. Corpus Callosum Index (CCI) reflects the extent of axonal
loss in MS patients [10].

In a study by Carolina et al. cognitive dysfunction was
concomitant with changes in the CC; however, cognitive decline is not directly related to macroscopic lesion
load [11]. Therefore, the quantitative MRI abnormalities
in the CC-especially the portions outside T2 lesionspartially account for cognitive dysfunction in MS [12].
Other imaging technique to identify the axonal degeneration in MS is the analysis of Retinal Nerve Fiber Layer
(RNFL) thickness that is measured by Optic Coherence
Tomography (OCT) [2].
The measurement of RNFL thickness by OCT may
be a better way than brain MRI to detect and monitor
axonal loss in MS [13]. There is also evidence that OCT
changes are correlated with an increased level of cognitive impairment [14]. According to Toledo et al. the
degree of RNFL atrophy was correlated with cognitive
disability [15]. Therefore, this study aimed to compare
OCT with CCI, to evaluate cognitive dysfunction in MS
patients. This would help to identify new methods for
monitoring the disease course and early detection of axonal damages like cognitive dysfunction. Another objective of this study was to explore whether OCT or CCI
can be used as predictive methods for cognitive impairments in MS patients, in other words, which method is
more accurate.

Materials and Methods
This study was conducted in 5 months, in 2016. A total of 30 diagnosed patients with relapsing-remitting MS
according to 2017 revised McDonald criteria referring to
outpatient clinic of a university hospital (Shafa Hospital
in Kerman, Iran) were selected. To improve the accuracy
of the study, the patients with a history of optic neuritis,
also the patients with ophthalmic disorders such as glaucoma, cataract and severe refractive error, were excluded
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[19]. The test consists of 3 components: Brief Visuospatial Memory Test-Revised (BVMT-R), California Verbal Learning Test-Second edition (CVLT2), and Symbol
Digit Modality Test (SDMT). The raw score of 9 was
considered as the cutoff point.
Data analysis
All data were analyzed using SPSS. The Chi-square
test was used to compare the categorical variables.
P<0.05 were regarded as statistically significant.

Results
Figure 1. Determination of Corpus Callosum Index, using a
"best" midsagittal slice of T1W brain MRI

from this study. Clinical and demographic information
including age, sex and the duration of disease were collected from the patients. The degree of disability was
assessed by a neurologist using the Expanded Disability
Status Scale (EDSS).
MRI procedure
MRI Siemens, 1.5 Tesla was used in the current study.
CCI was calculated by a neurologist based on the previous studies. A conventional mid-sagittal T1W image was
used. A straight line was drawn at the greatest anteroposterior diameter of CC and a perpendicular line was
drawn to its midline. Anterior, posterior, and medium
segments of CC were measured and normalized to its
greatest anteroposterior diameter (Figure 1) [16]. With
respect to differences on the quantitative analysis of CC
due to racial/ethnic factors [17], we have selected healthy
subjects matched on age, gender, and race to the cases, as
the controls to obtain the normal range of CCI. The mean
score of CCI was 0.384 cm in the control group.
Optical Coherence Tomography (OCT)
OCT for assessing optical nerve thickness was interpreted by an ophthalmologist, with the use of Optovue
device (RTvue, USA) [18]. The cutoff point for the thinning of RNFL was 90 μm.
Cognitive assessment
Cognitive assessment of MS patients was performed
by a neurocognitive psychologist via Brief International
Cognitive Assessment for MS (BICAMS). This is a
brief cognitive assessment for MS patients, optimized
for small centers and is a subset of the Minimal Assessment of Cognitive Function in MS battery (MACFIMS)
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The numbers (%) of all variables are presented in
Table 1. A total of 11 (36.7%) patients had an impaired
cognitive function as per BICAMS. Among all patients,
21 (70%) subjects had CCI less than 0.384 cm, and 16
(53.3%) had abnormal OCT in one or both eyes. Table
2 represents age, sex, the duration of disease and EDSS
of the patients, according to their cognitive status. There
was no significant difference among these subjects
(P>0.05). Table 3 demonstrates the correlation between
OCT and CCI, in respect with cognition. According to
Table 3, there was a significant difference between cognitive status and OCT in MS patients (P=0.026).

Discussion
Results of the current study revealed a significant correlation between OCT and cognitive dysfunction in
relapsing-remitting MS patients, but there was no such
relation with respect of CCI in them. Therefore, OCT
could be used as a diagnostic tool for the early assessment of cognitive dysfunction in relapsing-remitting
MS patients. The earliest research regarding the use of
OCT in the evaluation of MS progress was performed
by Parisi and associates. They suggested that OCT is a
precise tool for the assessment of MS progress, because
it demonstrates the earliest neurodegenerative changes
occurring in the CNS [20].
In a systematic review by Petzold et al., the evidence
for the use of OCT in MS was reviewed. Retinal thinning in the absence of optical neuritis could be explained
through the retrograde trans-synaptic degeneration and
the progressive loss of retinal ganglion cells. They suggested OCT as a new and promising evaluation tool for
studying and the evaluation of MS [21].
Previous studies have evaluated structural changes
in brain MRI of MS patients. The results of a 17-year
longitudinal study by Granberg suggested that corpus
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Table 1. Demographic characteristics of study patients

Variables

No. (%)

Age<40, y

20(66.7)

Female

23(76.7)

Duration≥6, y

16(53.3)

NL OCT

14(46.7)

CCI≥0.384 cm

9(30)

BICAMS≥9

19(63.3)

EDSS=0-5.5

28(93.3)

callosum area was closely associated with cognitive
decline in MS patients [22], nonetheless brain imaging
has sophisticated methodological requirements, not always practical and accessible to most centers [10]. It is
proved to have a potential for long-term follow-up of
patients with MS [17].
Ozturk et al. demonstrated that quantitative MRI abnormalities in the CC, partially account for cognitive
dysfunction in MS. Since cognitive dysfunction is particularly difficult to measure at the bedside, the imaging data may be useful for assessing these disabilities
[12]. In a follow-up study by Faria et al. CCI scoring

analysis showed 2 distinct patterns between relapsingremitting MS and secondary-progressive MS patients.
According to their study, CCI had a potential to be used
for a long-term follow-up and mostly in secondaryprogressive MS patients [17].
Neurodegeneration occurs in the CNS and could explain cognitive dysfunctions observed in MS patients
and as the disease progresses, such dysfunctions are
more pronounced. Based on the current findings, OCT
as a non-invasive, easy-to-perform, accessible and relatively inexpensive method, has the potential to assess
the axonal degeneration and cognitive dysfunction in

Table 2. Baseline information of patients according to cognitive status

Age, Y

Sex

Duration, Y

EDSS

<40

Male

<6

>6

Normal cognition, No.(%)

15(78.6)

3(15.8)

10(52.6)

1(5.2)

Impaired cognition, No.(%)

5(45.5)

4(36.4)

4(36.0)

1(9.0)

P

0.108

0.372

0.466

0.685

Cognitive Status

Data were compared by the Chi-square test.
Table 3. Comparison of OCT and CCI with cognition

Cognition No.(%)

CCI

OCT

≥0.384

<0.384

Normal

Abnormal

Normal

6(31.6)

13(68.4)

12(63.2)

7(36.8)

Impaired

3(27.6)

8(72.7)

2(18.2)

9(81.8)

P

0.804
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MS. Therefore, changes in OCT might predict the alterations in cognitive function that might occur later
in the progress of the disease. Based on this study,
OCT is a useful method in the evaluation of axonal
loss and predicting cognitive dysfunction in MS patients, compared to CCI or other measures.
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