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Background: Optic neuritis (ON) is an inflammatory demyelinating lesion in the optic

nerve, which is strongly associated with multiple sclerosis (MS). Optical coherence tomo-

graphy (OCT) is a noninvasive technique for the evaluation of the retinal layers. Our aim was

to examine OCT metrics including retinal nerve fiber layer thickness (RNFLT), and total

macular volume (TMV), in MS subtypes and their relationship with duration, first manifesta-

tion, and severity of disease.

Material and Methods: In this cross-sectional study, patients with a definite diagnosis of

MS underwent complete ophthalmic and neurologic examination. OCT parameters including

TMV and RNFLT were compared between MS subtypes and different first manifestations of

MS. Their relationships were also studied with the duration and severity of disease based on

the Expanded Disability Status Scale (EDSS) score.

Results: A total of 240 eyes were examined in 120 enrolled MS patients. The differences in

RNFLTwere not analytically meaningful between the subtypes of MS, but the differences in TMV

values were statistically significant between the subtypes ofMS (P: 0.39 and P: 0.04, respectively).

The differences between RNFLT and TMV of eyes with and without ON were statistically

significant between these two groups (P<0.001 andP<0.001). Therewas also an inverse correlation

between EDSS disability score and RNFLT and TMV values (P: 0.00, r: −0.33 and P: 0.034,

r: −0.11, respectively) and a significant inverse correlation between the duration ofMS and RNFLT

(P: 0.00, r: −0.47). The differences in RNFLT and TMV values were analytically meaningful

between the categories of first manifestations of MS (P: 0.000 and P: 0.027, respectively).

Conclusion: RNFLT and TMV represent noninvasive parameters for assessment of neu-

roaxonal degeneration in the anterior visual pathway that correlate with the severity and

duration of multiple sclerosis. The lowest RNFLT and TMV values were also seen in the

perceptual category between the first manifestations of MS. Therefore, they may be useful in

the evaluation of MS patients.

Keywords: multiple sclerosis, optical coherence tomography, retinal nerve fiber layer

thickness, total macular volume

Introduction
Multiple sclerosis (MS) is a neurodegenerative disorder in the brain and spinal cord

that affects the CNS through autoimmune mechanisms. Demyelination, gliosis,

axonal dysfunction, and neuronal degeneration are among the characteristics of this

disease.1 The usual age of onset of MS is between 15 and 50 years and the prevalence
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of MS is significantly greater in women than in men. The

clinical onset is usually subacute and the symptoms and

signs depend upon the location of involvement in the CNS.2

MS is defined by different subtypes including relapsing–

remitting (RR), secondary progressive (SP), and primary

progressive (PP). The prevalences of RRMS, PPMS, and

SPMS types among Iranian people were estimated to be

69.7% (95% confidence interval 63.7–75.8), 7.01% (95%

confidence interval 4.05–9.96), and 17.8% (95% confidence

interval 11.7–23.9), respectively. RRMS is more common in

women than men, whereas PPMS is more common in men

than in women. The prevalences of visual impairment and

sensory, motor, balance, urinary, and defecation problems

and fatigue syndrome among Iranian MS patients were

reported as 44.3% (95% confidence interval 33.6–55.01),

41.2% (95% confidence interval 30.1–52.3), 56.3% (95%

confidence interval 27.9–84.6), 50.1% (95% confidence

interval 13.2–86.9), 28.6% (95% confidence interval

2.4–54.8), 21.6% (95% confidence interval 2.7–40.5), and

71.1% (95% confidence interval 60.9–81.3), respectively, in

a meta-analysis.3 Optic neuritis (ON) is one of the most

common manifestations of MS, resulting from inflamma-

tory demyelinating lesion of the optic nerve,4 and is esti-

mated to occur in 30–70% of MS patients clinically, but

postmortem histological examination revealed demyelina-

tion along the optic nerve in about 94–99% of MS patients.5

In a previous study by Ratchford et al, the prevalence of ON

was reported in CIS, RRMS, SPMS, and all MS patients, as

44%, 34%, 21%, and 29%, respectively.6

The diagnosis of optic nerve atrophy (ONA) and its

distinction from the normal state is one of the pitfalls in

diagnosing and follow-up of optic nerve disorders. Optical

coherence tomography (OCT) is a noncontact, noninvasive

imaging technique that produces high-resolution, cross-

sectional images of optic nerve head (ONH) and retinal

nerve fiber layer thickness (RNFLT). The optic nerve and

retinal nerve fiber layer can show neuronal and axonal

degeneration. In the measurement of peripapillary RNFLT,

a circle diameter of 3.4 mm is used around the ONH to

avoid intersecting tissue within the ONH margin in large

disc and areas with peripapillary atrophy.7,8

Imaging of RNFLT enables the direct measurement of

the proximal portion of the anterior visual pathway,

because this part contains non-myelinated axons of retinal

ganglion cells.7 The expansion of axonal degeneration and

the secondary loss of macular retinal ganglion cell can be

quantitatively examined in OCT by measuring RNFLT and

total macular volume (TMV). Retinal nerve fiber layer

thinning, which indicates axonal damage, could be used

as a biomarker to measure the severity of MS and ON

diseases.9

OCT is a simple quantitative imaging method that ful-

fills the requirement for evaluation of axon integrity in MS

through RNFL thickness. OCT is used for diagnosis of

subclinical acute ON in MS patients, following the progres-

sion of the disease and understanding of the therapeutic

effects. Many previous studies proved that there is

a thinning of RNFL in the eyes of MS patients compared

with healthy controls, and eyes with a previous episode of

ON show a thinner RNFL than unaffected eyes. Thinning of

RNFL is associated with the severity of MS evaluated by

Expanded Disability Status Scale (EDSS) and longer dura-

tion of the disease. A higher rate of RNFL thinning was

seen in progressive forms of MS compared with the

RR subtype. These results suggest that measurements of

RNFL thickness of MS patients may help distinguish the

MS subtypes and severity of the disease.10 The primary

manifestation of MS depends on the clinical variant of the

disease. In RRMS, the first symptoms most commonly

manifest as sensory disturbances (36.2%), followed by ON

(29.3%), and motor deficits (28%). PPMS was associated

with predominating motor deficits (77.2%) as the first clin-

ical manifestation. The importance of early clinical MS

parameters also showed in the time to conversion from

RRMS to SPMS as well as prediction of the rate of dis-

ability in patients.11 The present study aimed to evaluate the

OCT parameters including RNFLT and TMV in MS

patients and their relationship with MS subtypes, first clin-

ical manifestation, duration, and severity of the disease.

Materials and Methods
In this analytical cross-sectional study, the sample size was

calculated as 120 adult patients according to the formula

for the comparison of the mean values in two groups with

and without optic neuritis, based on 95% confidence inter-

val and 80% test power obtained from Talebi et al12 and

simple sampling continued for one year until the sample

size was complete. This study was conducted in

Farshchian hospital of Hamadan University of Medical

Sciences in the northwest of Iran. All patients with

a definite diagnosis of MS by a neurologist (fellowship

in MS), based on neurologic clinical findings and MRI,

were included in this study from 2017 to 2018. The first

MS attack such as optic neuritis with features suggestive

of MS and abnormalities lasting at least 24 h on neurologic

examination, is known as clinically isolated syndrome
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(CIS). If the presentation of CIS is truly mono-focal,

according to the McDonald criteria, dissemination in

space should be present for a diagnosis of CIS-type to be

made. The majority of MS patients present with sub-acute

relapses followed by a complete or partial remission to

normal, and at a future date by another relapse usually in

a different CNS location, was defined as relapsing and

remitting MS (RRMS). The McDonald criteria indicate

the need for objective evidence, both clinical and radiolo-

gical or evoked potentials, for proving dissemination in

both space and time to be present when a diagnosis of

RRMS is made. Some patients present with a gradually

progressive course, without an initial well-defined attack

which is termed primary progressive MS (PPMS). Most of

these patients present with features of a spinal-cord syn-

drome. The McDonald criteria for the diagnosis of PPMS

are a minimum of one year disease progression with at

least two of the following: a positive brain MRI, a positive

spinal cord MRI, and positive CSF findings. Secondary

progressive MS (SPMS) is characterized by at least one

relapse followed by progressive clinical worsening over

time. This progressive course more commonly follows

a period of well-defined RRMS and less probably follows

a well-defined CIS. The course is usually steadily progres-

sive, but there may be periods of relative stability.2

Patients with a history of any conditions that affect

OCT findings, including glaucoma, uveitis, eye trauma or

surgery, macular dystrophy, diabetes, hypertension, and

patients with a recent clinical diagnosis of ON (<3

months), or with a refractive error more than ±5.0 diopter,

were excluded. The patients underwent complete ophthal-

mic and neurologic examination including visual acuity,

fundus examination, evaluation of MS subtype (based on

clinical history), assessment of the severity of disease

based on EDSS,13 and duration of disease. Brain MRI

(T1, T2, fluid-attenuated inversion recovery (FLAIR),

and T1 with gadolinium sequences) were also performed

for a definite diagnosis. Then, spectral domain OCT exam-

ination using the Heidelberg Engineering Spectralis

(Germany) was used for scanning and measurement of

TMV and RNFLT. Retinal nerve fiber layer images were

acquired by taking three circular 3.4 mm diameter scans,

centered on the optic disc.14 The mean of these was used

to express RNFLT in four quadrants (temporal, superior,

inferior, and nasal). The thicknesses of the quadrants were

automatically calculated by the OCT device software.

Macular thickness maps were acquired by making six

radial linear scans, centered on the fovea, and by the

construction of a map from these scans.15 To remove

bias, the person performing the OCT was not aware of

the presence or absence of ON and the ophthalmologist

was not aware of the result of OCT parameters. After

complete ocular examination, the eyes with a history of

ON were separated from those without ON. Associations

between OCT metric parameters (RNFLT and TMV) with

age, gender, presence or absence of ON, MS subtype (RR,

SP, PP, and CIS) and primary manifestations of MS were

evaluated in this regard.

The results were statistically analyzed by SPSS version 16.

Descriptive data are presented in tables by measuring central

indices and distribution patterns by calculating percentages. In

order to compare the RNFLT and TMV values in MS patients

with and without ON, Student’s t-test and Mann–Whitney

U-test were used based on the results of the Kolmogorov–

Smirnov test. Also, ANOVA and Kruskal–Wallis tests were

used to compare these values in several groups based on

whether it follows the normal distribution or not. Spearman

correlation coefficient test was used for comparisons in terms

of EDSS disability score and duration of disease. All statistical

analyses were performed at 95% confidence level.

This study was approved by the Hamadan University of

Medical Sciences (research code, IR.UMSHA.REC.1395.

353). Written consent forms were obtained from all the parti-

cipants.No treatment interventionswere performed outside the

routine and the cost of testswas covered by the project funding.

Data were collected without documenting any personal data,

and the results were reported in general.

Result
Of 153MSpatientwith definite diagnosis by a neurologist, 17

cases were excluded due to the presence of diabetes and

hypertension, one case was excluded due to the presence of

glaucoma, and 15 patients were excluded after ophthalmic

examination, due to duration of ON of less than 3 months and

refractive error of more than ±5.0 diopter. A total of 240 eyes

were tested in 120 enrolled MS patients with a mean age of

34.56±9.47 years (17–58 years of age) and 80% female

gender. Of the 240 eyes, 116 had at least one attack of ON.

The demographic and clinical characteristics of the study

participants are summarized in Table 1. The means of

RNFLT and TMV of eyes with ON were 76.25±8.75 μm
and 6.50±0.90 mm3, respectively. These two parameters

were 89.91±9.42 μm and 6.95±0.82 mm3 in eyes without

ON. The differences in RNFLT and TMV values were statis-

tically significant between the two groups (P<0.001 and

P<0.001) (Table 2).
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The participants were divided into three subgroups

including 14 patients with CIS, 92 patients with RR type,

and 14 patients with SP type. The PP subtype of MS was not

seen in our patients. The means of RNFLT and TMVof eyes

were 85.64±11.45 μm and 6.99±1.09 mm3, 82.86±11.38 μm

and 6.74±0.89 mm3, and 81.64±12.55 μm and 6.40

±0.05 mm3 in CIS, RR, and SP subtypes, respectively. The

differences in RNFLT were not analytically meaningful

between the subtypes of MS (P: 0.39) but the differences in

TMV values were statistically significant between the sub-

types of MS (P: 0.04). In other words, the lowest TMV value

was seen in the SP type of MS.

In this study, the magnitude of RNFLT and TMV was

evaluated based on the type of MS and the presence or

absence of ON. The findings showed that in patients with

the CIS type of MS, the mean of RNFLT in subjects with ON

was significantly lower than those without ON (P<0.001), but

the difference in TMVwas not significant in patients with and

without ON (P: 0.63). In the RR type of MS, the means of

both RNFLT and TMV parameters were significantly lower

in patients with ON than in those without ON (P<0.001).

Also, in patients with SP type of MS, there was no significant

difference in RNFLT value between patients with and without

ON (P: 0.78), but TMV in the ON group was significantly

lower than the group without ON (P<0.001) (Table 3).

Five continuous age groups were considered in this study,

including 10–19, 20–29, 30–39, 40–49, and 50–59 years

of age, according to significant age-related changes of

RNFLT and TMV parameters.16 The RNFLT and TMV were

101±1.5 μm and 6.9±0.55 mm3, 86.33±10.16 μm and 6.84

±0.77 mm3, 85.57±9.88 μm and 6.90±0.96 mm3, 78.56±11.63

μm and 6.32±0.76 mm3, and 72.43±9.32 μm and 6.94

±1.05 mm3, respectively, in these age groups. The

differences in RNFLT and TMV values were statistically sig-

nificant in different age groups (P value: 0.000 and P value:

0.001, respectively). In other words, these parameters decrease

with age.

OCT findings were also compared in male and female

patients. Twenty-four male patients (48 eyes) and 96

female patients (192 eyes) were examined. In the male

group, the means of RNFLT and TMV were 84±14.67 μm

and 6.88±0.80 mm3, respectively. In female patients, the

means of RNFLT and TMV were 83.14±10.43 μm and

6.69±0.91 mm3, respectively. There was no significant

difference in RNFLT and TMV of male and female

patients (P: 0.704 and P: 0.196, respectively).

Table 1 Demographic and Clinical Characteristics of Study

Participants

ON Eyes with

ON

Eyes

Without

ON

Patients

Sex Male 22 26 24

Female 94 98 96

Age 10–19 0 4 2

20–29 28 44 36

30–39 32 52 42

40–49 46 18 32

50–59 10 6 8

Type of MS CIS 6 22 14

RR 98 86 92

SP 12 16 14

PP 0 0 0

First

Manifestation

of MS

Visual 40 36 38

Sensory 14 50 32

Balance 26 22 24

Cranial 16 4 10

Motor 8 8 8

Perceptual 4 0 2

Others 8 4 6

EDSS

(Mean±SD)

(3.41±2.19)

in patients

with ON

(2.22±1.68)

in patients

without ON

(2.8±2.03) in

all patients

Visual Acuity

(Mean±SD)

(6.75±2.45)

in patients

with ON

(9.43±1.33)

in patients

without ON

(8.14±2.36)

in all patients

Total 116 124 120

Table 2 Comparison of RNFLT and TMV Values in MS Patients, Based on the Presence or Absence of ON

Variable Optic Neuritis Number of Cases Mean of Variable SD Range P value

RNFLT (µm) Present 116 76.25 8.75 58–95 <0.001

Absent 124 89.91 9.42 58–105

TMV (mm3) Present 116 6.50 0.90 5.34–9.01 <0.001

Absent 124 6.95 0.82 5.01–9.10
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RNFLT and TMV were compared in all types of first

manifestations of MS (sensory, motor, cranial, visual, bal-

ance, perceptual, and other categories). The means of

RNFLT and TMV of eyes were 88.09±9.20 μm and 6.75

±0.94 mm3, 75.81±11.54 μm and 6.44±10.58 mm3, 76.50

±6.76 μm and 6.88±0.93 mm3, 84.84±11.9 μm and 6.58

±0.82 mm3, 83.41±12.33 μm and 7±0.94 mm3, and 63

±4.20 μm and 5.8±0.55 mm3 in sensory, motor, cranial,

visual, balance, and perceptual categories, respectively.

The differences in RNFLT and TMV values were analyti-

cally meaningful between the categories of first manifesta-

tions of MS (P: 0.000 and P: 0.027, respectively). In other

words, the lowest RNFLT and TMV values were seen in

the perceptual category of the first manifestations of MS.

Both RNFLT and TMV were significantly lower in ON

group compared to without ON in patients with first mani-

festation of visual or sensory disorders, whereas RNFLT

alone and TMValone were significantly lower in ON group

compared to without ON in patients with initial manifestation

of balance and motor disorders, respectively (Table 4).

The relationship between the EDSS disability score and

RNFLT and TMV was evaluated. The findings showed an

inverse statistically significant correlation between EDSS dis-

ability score and RNFLT and TMV values (P: 0.00, r: −0.33

and P: 0.034, r: −0.11, respectively) that is, both RNFLT and

TMV parameters decrease with increasing EDSS score.

The relationships between the duration of MS and

RNFLT and TMV were also evaluated. The data showed

a significant inverse correlation between the duration of MS

and RNFLT (P: 0.00, r: −0.47). That is, RNFLTwas reduced

by 1.206 μm for each year after diagnosis of MS. This

correlation was also significant inversely in the presence or

absence of ON in MS patients (P: 0.02, r: −0.28 and P: 0.01,

r: −0.45, respectively). In other words, RNFLT was reduced

by 1.255 μm in eyes without ON and by 0.596 μm in eyes

with ON for each year after diagnosis of MS. There was also

an inverse correlation between the duration of MS and TMV

(r: –0.09), which was not statistically significant (P: 0.126).

For each year after diagnosis of MS disease, TMV is reduced

by 0.02 mm3. This correlation was also not significant in MS

patients with or without ON (P: 0.32, r: −0.099 and P: 0.33,
r: −0.083, respectively).

The correlation of patients’ visual acuity with duration of

MS and OCT findings was also evaluated in this study.

Findings showed that the number of years of MS was

significantly and inversely correlated with patients’ vision

(P = 0.000, r: −0.27). Also, the patients’ visual acuity had

a direct and significant relationship with RNFLT (P = 0.000,

r: 0.48), but it was not significant with TMV (P: 0.287).

Discussion
The diagnosis of optic nerve atrophy secondary to ON and its

distinction from the normal state is one of the problematic

challenges in the fundoscopic exam. OCT is a noninvasive

test replacing the older methods, used progressively to diag-

nose retinal diseases, especially macular problems. The pre-

sent study aimed to evaluate the OCT parameters including

RNFLT and TMV in MS patients. Our findings revealed that

the means of RNFLT and TMV of eyes with ON were

significantly lower than in eyes without ON. There was no

significant difference in RNFLT between MS subtypes but

the differences in TMV were significant between them, and

the lowest TMV value was seen in the SP type. Also, in

RRMS, both RNFLT and TMV were significantly lower in

Table 3 Comparison of RNFLT and TMV Values in Different Subtypes of MS, Based on the Presence or Absence of ON

Variable MS Subtype

CIS RR SP

Optic Neuritis Present Absent Present Absent Present Absent

Number of cases 6 22 98 86 12 16

RNFLT Mean(µm) 69.00 90.18 75.94 91.48 82.33 81.12

SD 10.31 6.59 8.64 7.35 4.92 16.29

P.value <0.001 <0.001 0.78

TMV Mean(mm3) 6.70 7.07 6.55 6.96 5.97 6.72

SD 1.79 0.86 0.87 0.86 0.22 0.48

P.value 0.63 <0.001 <0.001
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patients with ON than in those without ON. Both parameters

decrease with age in the comparison of different age groups

but there was no significant difference in RNFLTand TMVof

male and female patients. The differences in RNFLT and

TMV values were meaningful between the categories of

first manifestations of MS, and the lowest RNFLT and

TMV values were seen in the perceptual category. Also,

both parameters were significantly lower in the ON group

compared to without ON in patients with first manifestation

of visual or sensory disorders. Both RNFLT and TMV

decrease with increasing EDSS disability score and

a significant inverse correlation was seen between the dura-

tion of MS and RNFLT. Also, the visual acuity of patients

had a direct relationship with RNFLT.

In the study of Burkholder, the mean (SD) of RNFLTand

TMV of the eyes of patients with MS with ON were 85.7

(19.0) μm and 6.36 (0.53) mm3, respectively. Meanwhile, the

mean (SD) of RNFLT and TMVof the eyes of patients with

MSwithout ONwere 95.6 (14.5) μmand 6.63 (0.48) mm3. In

this study, eyes of patients with ON had significantly lower

RNFLT and TMV than eyes of patients without ON

(P<0.001),17 which is consistent with the current study in

which the means of RNFLT and TMVof eyes with ON were

76.25 μm and 6.50 mm3, respectively, and these two para-

meters were 89.91 μm and 6.95 mm3 in eyes without ON.

In the study of Narayanan et al, which evaluated the

progressive neurodegenerative process in RRMS, RNFLT

decreased with MS duration by −0.49 µm/yr (p=0.0001)

for non-ON and −0.52 µm/yr (p=0.003) for ON. RNFLT

decreased with follow-up time by −1.49 µm/yr (p<0.0001)

for non-ON and −1.27 µm/yr (p=0.002) for ON.18 In our

study, RNFLT was reduced by 1.255 μm in eyes without

ON and by 0.596 μm in eyes with ON for each year after

diagnosis of MS, and in all MS patients with or without

ON, RNFLT and TMV values were reduced by 1.206 μm
and 0.02 mm3, respectively, for each year after MS dis-

ease. However, the relationship with TMV was not statis-

tically significant, which is consistent with the results of

Narayanan et al (P: 0.12).18 It should be noted that in the

current study, although most patients had RR type MS, 14

patients with SP type also participated, which is different

from the study of Narayanan et al.

In the study of Cerovski et al, conducted in 2013 to

investigate the role of OCT in ON patients, it was observed

that patients with chronic ON showed a significant decrease

in RNFLT compared to the control group (P<0.0005) and

the group without ON (P<0.001).19 TMV also showed

a significant decrease in the chronic ON group withoutT
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a history of acute ON compared to the control group

(P: 0.03) and the group without ON (P: 0.043),19 which is

consistent with our findings.

The study conducted by Tatrai et al in 2013 to evaluate

the retinal neurodegeneration in MS patients showed

a significant decrease in RNFLT in the affected eyes of

the MS patients in all quadrants compared to the non-

affected eyes (p<0.05 in each comparison).20 The thickness

of the total retina, RNFL, ganglion cell layer and inner

plexiform layer, and ganglion cell complex in the macula

were significantly decreased in the non-affected eyes com-

pared to controls (p<0.05 for each comparison) and in the

ON-affected eyes compared to the non-affected eyes

(p<0.001 for each comparison). In this study, RNFLT and

TMV in the eyes with ON were significantly less than those

without ON (P value: 0.000),20 consistent with our results.

In a study conducted by Costello et al to investigate the

relationship between OCT findings and outpatient perfor-

mance evaluation parameters in MS patients, the results

showed that RNFLT was not correlated with 6 min walk

(6MW) and timed 25-foot walk (T25FW), but TMV was

significantly correlated with 6MW and T25FW.21 In our

study, EDSS showed a significant inverse relationship with

both RNFLT and TMV (P value: 0.00) that was consistent

with the findings of Bsteh et al22 in term of RNFLT.

Costello et al also conducted a study to measure the

degree of RNFLT associated with visual recovery or visual

dysfunction and showed that 74% of the patients experienced

an RNFLT reduction process, which usually began 3–6

months after starting the ON. Patient analysis showed that

constant visual dysfunction occurs in the RTFLT of less than

75 μm. The study suggested that OCT was an appropriate

tool for demonstrating the axonal degeneration of optic nerve

in patients with ON.23 Our findings also showed a significant

relationship between RNFLTand a patient’s visual acuity (P:

0.00). As a result, this study was consistent with the current

study in terms of the relationship between RNFLTand visual

acuity in MS patients.

In the study by Oberwahrenbrock et al, RNFL thick-

ness was lower in SPMS eyes compared to RRMS eyes

(P=0.007), and TMV was reduced in SPMS and PPMS

eyes compared to RRMS eyes (SP MS: P=0.039, PP MS:

P=0.005).24 In our study, the differences in RNFLT were

not analytically meaningful between the subtypes of MS

(P: 0.39) but the differences in TMV values were statisti-

cally significant between the subtypes of MS (P: 0.04) and

the lowest TMV value was seen in SP type of MS, which

is consistent with the study of Oberwahrenbrock et al.24

Fisher et al used OCT to compare RNFL values

between 90 MS patients and 36 control subjects. While

median Snellen acuity equivalents were better than 20/20

in both groups, mean RNFL thickness was reduced in MS

patients (92 μm) compared to the control group (105 μm),

with the lowest values seen in the ON eyes (85 μm) of MS

patients. Lower visual function scores were associated

with a decrease in average RNFL thickness in MS patients,

such that, for every one-line decrease in low-contrast letter

acuity or contrast sensitivity score, the mean RNFL thick-

ness decreased by 4 μm. The findings of this study sug-

gested a role for OCT as a structural biomarker and

a potential secondary outcome measure in future MS clin-

ical trials.25 Our findings also showed that the patients’

visual acuity had a direct and significant relationship with

RNFLT (P=0.000, r: 0.48), but it was not significant with

TMV (P: 0.287). The number of years of MS was also

significantly and inversely correlated with patients’ vision

(P=0.000, r: −0.27) in the current study.

It is believed that axonal loss in MS, in contrast to

demyelination, is not reversible and may give rise to

sustained disability. Despite the fact that axonal loss

appears at the final stages of MS, it can also be seen in

its early stages. On the other hand, in order to determine

the disease development and provide appropriate therapeu-

tic measures, timely appropriate monitoring of axonal loss

is very important,12 and this can be obtained with OCT

parameters.

In the study of Behbehani et al26 a significant thinning

in RNFL was seen in the progressive type of MS com-

pared to RRMS, which is in contrast to our findings that

RNFLT was not affected by the type of MS. This may be

due to the small sample size of patients in CIS and SP

types of MS and absence of PPMS.

It was also determined that the longer the duration of

the disease, the more defects in RNFLT and TMV and the

patient’s visual loss will be observed. We hypothesized

that the metrics of RNFLT and TMV would be associated

with scores of EDSS and severity of the disease.

There is much strength in the current study, including the

evaluation of anterior visual pathway metrics and EDSS in

MS patients for the first time in our country. The most

important strength is that the study included spectral domain

OCT examination (not time-domain OCT), and this has good

resolution and increased accuracy of outcomes. Another point

is that in our study most MS subtypes were included, but

previous studies mostly evaluated relapsing-remitting MS,

and this limits the generalizability of their data. However, in
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our population the primary progressive type was absent,

similar to the study of Ratchford et al.6 There is also an

important limitation in the current study which had a cross-

sectional design and did not provide data on changes in OCT

metrics over time, which is recommended for feature studies.

The relationship of OCT parameters with the presence

of ON, serious forms of MS including the secondary

progressive type, different first manifestations of MS as

prediction of the rate of progression and disability espe-

cially perceptual manifestations, EDSS score of disability,

duration of MS and visual acuity of patients revealing

clinical significance of OCT in MS as a structural biomar-

ker in evaluation of irreversible axonal loss in early stages

and development of disease. The relationship of OCT

parameters with different first manifestations of MS was

not seen in previous studies.

Conclusion
The findings of this study show lower RNFLT and TMV in

patients with ON, compared to without ON, the lowest

TMV value in secondary progressive MS compared to

other subtypes, and a decrease of both parameters with

aging and increasing of EDSS disability score. An inverse

correlation was seen between RNFLT and the duration of

MS and a direct relationship is noted between RNFLT and

visual acuity of patients. The lowest RNFLT and TMV

values were seen in the perceptual category between first

manifestation categories of MS as a predictive biomarker.

RNFLT and TMV represent noninvasive quantitative

parameters for assessment of neuroaxonal degeneration

in the anterior visual pathway, and correlate with the pre-

sence or absence of ON, the severity of disease and the

duration of multiple sclerosis. Therefore, they may be

useful in the evaluation of MS patients.
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