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Abstract

Background: Optic neuritis (ON) is one of the common manifestations both in neuromyelitis-optica

spectrum disorders (NMOSD) and in multiple sclerosis (MS).

Objectives: The objective of this paper is to compare clinical presentations, laboratories and imaging

findings in ON associated with MS and NMOSD.

Methods: A retrospective chart review was performed in patients presenting with ON in 59 NMOSD

patients with 72 eyes’ involvement and 163 ON attacks, and 20 MS patients with 23 eyes’ involvement

and 36 ON attacks.

Results: ON-NMOSD patients had recurrent ON more often and tended to have simultaneous bilateral

ON involvement at their first ON attack. Individuals with ON-NMOSD revealed worse visual acuity at

first ON attacks and also had poorer long-term visual outcome than those with ON-MS, with nearly half

of ON-NMOSD patients still having LogMAR visual acuity �1 at their last follow-up (p¼ 0.035).

Significant thinner average retinal nerve fiber layer thickness was found in the ON-NMOSD group.

We found no significant differences in segmentation location of the optic nerve lesions and the length of

involvement between the two groups.

Conclusions: It was difficult to completely differentiate ON-NMOSD from ON-MS. ON-NMOSD

patients, however, tended to have simultaneous bilateral ON involvement and poorer long-term visual

outcome than individuals with ON-MS.
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Introduction

Idiopathic demyelinating optic neuritis (ON) is a

demyelinating inflammation of the optic nerve,

which accounts for a considerable proportion of uni-

lateral or bilateral, acute-to-subacute visual loss

cases.1,2 ON with unilateral involvement is most

commonly associated with multiple sclerosis (MS).

Atypical ON may, however, be associated with neu-

romyelitis optica spectrum disorders (NMOSD),

acute disseminated encephalomyopathy (ADEM)

and other conditions such as systemic autoimmune

diseases. Differentiating the etiologies between

NMOSD-related ON (ON-NMOSD) and

MS-related ON (ON-MS) can be difficult, especially

at the first presentation of isolated ON or brainstem

encephalitis, for which positive tests for anti-AQP4-

antibody (anti-AQP4-Ab)are less frequently found

or when no specific manifestations of a particular

disease or disease-specific antibodies such as

AQP4-Ab (anti-AQP4-Ab)/NMO-immunoglobulin

G (IgG) are found.

Different characteristic features of ON-NMOSD and

ON-MS by ophthalmologic studies including visual

acuity (VA), visual field (VF), imaging and electro-

physiologic studies such as visual evoked potentials
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(VEP) as well as optical coherence tomography

(OCT) have been reported in the literature, and

these may allow for early discrimination between

the two diseases.2–4 Early discrimination between

ON-NMOSD and ON-MS is crucial to provide

appropriate and timely management because mis-

diagnosis of ON-NMOSD as ON-MS may lead to

inappropriate administration of interferon-beta, nata-

lizumab and fingolimod, which may exacerbate

NMOSD relapses.5,6 We, thus, aimed to evaluate

the clinical and radiographic findings, including

ophthalmologic examinations, of Thai patients pre-

senting with ON related to NMOSD and MS.

Methods

We retrospectively reviewed the medical records of

patients attending the MS and Related Disorders

Clinic at Siriraj Hospital between January 2009

and December 2015. We included those who (1)

were 18 years or older, (2) had at least one attack

of ON, (3) had at least one anti-AQP4-Ab test and

(4) had an ophthalmologic follow-up after the last

ON attack at at least six months. The cell-based

assay (CBA) for anti-AQP4-Ab detection in living

cells used human embryonic kidney (HEK)-293 cells

transfected with the M23 isoform of AQP4, and

CBA for myelin oligodendrocyte glycoprotein

(MOG) antibodies (anti-MOG-Ab) used live HEK-

293 cells transfected with a plasmid containing

full-length human MOG complementary DNA as

previously described.7 We excluded those who had

other causes of visual impairment that were not

demyelinating diseases. Diagnosis of either MS or

NMOSD was according to the revised McDonald

2010 criteria8 and the NMOSD criteria 2015,9

respectively. Demographic data including sex and

age at the onset of the disease along with clinical

data including concomitant diseases, disease dura-

tion, treatments, blood chemistries, ophthalmologic

examinations and magnetic resonance imaging

(MRI) findings were collected.

Ophthalmologic examinations

Routine ophthalmologic examinations were recorded

including VA measured by ETDRs chart, VF

assessed with Humphrey central VF perimetry,

VEP and fundoscopic examination. For those who

had a VA worse than 6/60, ophthalmologic findings

included counting fingers (CF), hand motion (HM),

projection of light (PJ) as well as perception of light

(PL) or no light perception (no PL). All VA findings

were recorded as the logarithm of the minimum

angle of resolution (logMAR).10 Findings from

OCT performed on a high-definition spectral

domain (HD-OCT) (Carl Zeiss Meditec, Dublin,

CA, USA) were collected if available. The visual

outcomes at one and six months as well as at one

year after the onset of ON were collected

if available.

MRI protocol and segmentation of the optic images

The orbital, brain, and spinal MRI were evaluated

using the 3-Tesla MRI Philips Ingenia system

(Philips Healthcare). The T2-weighted image with

fat-suppression technique (spin-echo, flip angle¼ 90

degrees, repetition time (TR)/echo time (TE)¼
3500/80 and slice thickness¼ 3 mm) was used to

evaluate signal intensity and diameter of the optic

nerve. The postcontrast T1-weighted image with fat-

suppression sequence (spin-echo, flip angle¼ 90

degrees, TR/TE¼ 564/8 and slice thickness¼ 3mm)

was taken to evaluate optic nerve enhancement. The

optic nerve on orbital MRI was divided into five

segments: intraorbital (extending from the posterior

wall of the optic bulb to the beginning of the optic

canal), canalicular (the portion of the nerve that lies

within the optic canal), prechiasma (beginning at the

exit of the optic canal intracranially and extending to

the chiasm), chiasma (across the chiasm) and optic

tract (posterior to the chiasm) (Figure 1(a)).11 The

optic nerve diameter was evaluated on a coronal

view of T2-weighted images and measured at the

mid-parts of the following segments: (1) the intra-

orbital, (2) the canalicular and (3) the prechiasmatic.

Optic nerve enhancement was also noted (Figure 1

(b)–(e)). The neuroradiologist who interpreted the

MRI images was blinded to the clinical information.

Statistical analysis

Univariate data are presented as mean (SD) or

median (interquartile range (IQR)) as appropriate.

Numerical variables between NMOSD and MS

patients were analyzed by the two-sample t test and

Mann-Whitney U test as appropriate. Categorical

variables were analyzed by the Chi-square test or

Fisher exact test as appropriate. No adjustment for

multiple comparisons was made because this was an

exploratory study. All statistical analyses were per-

formed using PASW Statistic SPSS version 18.0

(IBM, Chicago, IL, USA). P values of <0.05 were

considered statistically significant.

Results

Demographic data

There were 59 NMOSD patients with involvement

of 72 eyes in 163 ON attacks and 20 MS patients

with involvement of 23 eyes in 36 ON attacks.
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Sixty-four percent of NMOSD patients (38 of 59)

and 80% of MS patients (16 of 20) experienced

ON relapse more than twice during the study

period. The mean interval from the onset of ON to

visual assessments, including OCT, was not signifi-

cantly different between the NMOSD and MS

groups (4.6 days (IQR 0.0- 17.3) vs 5.9 days (IQR

0.0- 15.6), respectively).

In our practice, we generally treat an acute attack of

ON with intravenous methylprednisolone (IVMP) 1

gram per day for five consecutive days then taper off

with oral prednisolone within two weeks. If the

patient does not respond, plasma exchange on alter-

nate days for five sessions is considered as described

in our previous study.12 In the present study, IVMP

was given more frequently in ON-NMOSD than

ON-MS although this was not significantly different

(Table 1). There were also no significant differences

in the interval of the treatment of IVMP given and

the treatment with plasma exchange or oral prednis-

olone between the two groups (Table 1).

There were no significant differences between the

NMOSD and MS groups in the proportions of

females and males, time to reach nadir VA from

the onset of ON attack, age at onset of the disease,

age at onset of first ON attack, presence of antinu-

clear antibody (ANA), proportion of treatment with

IVMP and plasma exchange, mean follow-up period

after ON attack and time from onset of ON attack to

first treatment with IVMP given. The mean disease

duration was, however, longer in the MS group than

in the NMOSD group (11.7 years (SD 7.5) vs 8.3

years (SD 5.1); p¼ 0.024). ON was the most

common initial manifestation in NMOSD patients

and was significantly higher compared to MS

patients (77.6% vs 40%, respectively; p¼ 0.004).

Both ON-NMOSD and ON-MS patients presented

more frequently with unilateral involvement, and

ON-NMOSD patients tended to have a higher inci-

dence of simultaneous bilateral ON (BON) involve-

ment compared to ON-MS patients at their first ON

attack and also during the course of the disease

although neither was significant (22.4% vs 15%;

p¼ 0.749 and 19% vs 11%; p¼ 0.259,

respectively).

Of the NMOSD patients, 88% (52 of 59) were anti-

AQP4-Ab seropositive. Five MS patients and 17

Figure 1. Orbital magnetic resonance imaging (MRI) protocol and segmentations.

The orbital MRI findings were evaluated using 3-Tesla MRI (Philips, Ingenia). (a)–(c) Optic nerves are divided into the following five segments:

intraorbital, canalicular, prechiasmal, chiasmal, and optic tract. The T2-weighted image with fat-suppression technique was used for evaluating

signal intensity and diameter of the optic nerve. The optic nerves were measured at (d) mid-part of the intraorbital segment, (e) canalicular

segment and (f) prechiasmatic segment, and (g) optic nerve enhancement is demonstrated on a T1-weighted image postcontrast study with fat-

suppression techniques at the intraorbital part of the right optic nerve.
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NMOSD patients including all of the seven anti-

AQP4-Ab-seronegative NMOSD patients were

tested for serum anti-MOG-Ab, and we found only

one anti-AQP4-Ab-seronegative NMOSD patient

positive for anti-MOG-Ab (Table 1).

Visual presentations and their recovery

For the first documented ON attack, median VA was

significantly worse in the NMOSD group compared

to those in the MS group (logMAR 2 vs logMAR 1;

p¼ 0.035) with nearly 80% of the NMOSD patients

having a logMAR �1.

We found a decreasing prevalence of patients with a

VA logMAR �1 over time from the time of nadir

VA of ON attack to the time of follow-up for VA at

one month, six months and 12 months both in the

NMOSD and MS groups although no significant dif-

ference was seen between the two groups at six- and

12-month follow-up visits (Figure 2).

Table 1. Demographic data of patients with NMOSD and MS who ever had optic neuritis attacks.

Results

Variables

Mean�SD or median (P25, P75)

p valueNMOSD (n¼ 59) MS (n¼ 20)

Number of patients (n) 59 20

Number of eye involvement with ON (n) 72 32

Number of ON attacks (n) 163 36

Number of ON attacks/person (n) 2 (1, 3) 1.5 (1, 2.8) 0.432

Number of ON attacks/eye (n) 2 (1, 2.5) 1 (1, 2) 0.492

Age at onset of disease (years) 36.5� 14.0 35.3� 13.4 0.729

Age at onset of first ON attack (years) 36.7� 14.0 34.4� 13.5 0.524

Disease duration (years) 8.3� 5.1 11.7� 7.5 0.024

Follow up time after first ON attack (years) 6.7 (3.9, 10.8) 7.7 (4.8, 10.4) 0.669

Time from onset to first ON attack (months) 0 (0, 0) 5.3 (0, 36.7) 0.001

Sex: female (n, %) 55 (93.2) 19 (95) 1

Initial manifestation (n, %)

Optic neuritis 45 (77.6) 8 (40) 0.004

Transverse myelitis 9 (15.5) 3 (15) 1.00

Brainstem syndrome 2 (3.4) 8 (40) <0.001

Cerebellar ataxia 1 (1.7) 1 (5) 0.45

Others 1 (1.7) 0 1.00

Time to nadir VA (days) 7 (3, 14) 7 (5, 14) 0.284

Simultaneous BON at first ON attack (n, %) 13/59 (22.4) 3/20 (15) 0.749

Simultaneous ever BON attack (n, %) 31/163 (19.0) 4/36 (11) 0.259

Treatment given at ON attacks (n, %)

IVMP 49 (92.5) 14 (77.8) 0.189

PLEX 1 (1.9) 0 1.00

Others (oral prednisolone) 3 (5.7) 4 (22.2) 0.064

Time from ON attack to first treatment given (days) 10 (4, 17) 7.5 (7, 50) 0.551

Immunosuppressanta/DMDb given (n, %) 43a (78.2) 17b (85) 0.746

Duration of treatment (years) 2.4(1.46, 2.91) 2.62 (1.39, 6.5) 0.594

CSF findings: n/n tested 47/59 18/59

Presence of CSF-OCB (n, %) 6 (12.8) 13 (72.2) <0.001
Pleocytosis (n, %) 18 (38.3) 7 (43.8) 0.772

Presence of AQP4-Ab/ (n/n tested, %) 52/59 (88.1) 0 <0.001
Presence of anti-MOG (n/n tested, %) 1/17 (5.9%) 0/5 1.00

Presence of ANA (n/n-tested, %) 21/52 (40.4) 2/13 (15.4) 0.115

aIS: immunosuppressant for NMOSD. bDisease-modifying drug for MS.

ANA: antinuclear antibody; anti-MOG: anti-myelin oligodendrocyte; AQP4-Ab: aquaporin-4 antibody; BON: bilateral optic neuritis; CSF:

cerebrospinal fluid; IVMP: intravenous methylprednisolone; MS: multiple sclerosis; NMOSD: neuromyelitis optica spectrum disorders; OCB:

oligoclonal band; ON: optic neuritis; PLEX: plasma exchange; SD: standard deviation; VA: visual acuity.
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At the last follow-up visit, VA with logMAR � 1

was, however, found more frequently in the

NMOSD group compared to those in the MS group

(49.2% vs 20%, respectively; p¼ 0.035).

The most common VF defect in the first ON attack

was diffuse type in each group. NMOSD patients

tended to have an altitudinal type VF defect more

often than those in MS group (36.5% vs 7.7%,

respectively; p¼ 0.051) while arcuate type VF

defect was significantly more frequently seen in

the MS group than the NMOSD group (30.8% vs

7.7%, respectively; p¼ 0.044) (Figure 3). VEP did

not show any difference in the latency or amplitude

between the two groups. Compared with the other

unaffected eye, we found damping amplitude >75%
or completely absent VEP of the affected eyes sig-

nificantly more often in the NMOSD group than in

the MS group (30% vs 11.1%, respectively). The

absence of amplitude also affected the interpretation

of the latency measure of the VEP.

Half of the patients in each group showed normal

disc appearance while the other half revealed disc

swelling. At the 12-month follow-up visit, optic disc

atrophy was detected more often in the NMOSD

group than the MS group although not significantly

(83.3% vs 63.6%, respectively; p¼ 0.213).

Regarding the available OCT data in the acute

phase, the NMOSD group had a trend toward

having thinner retinal nerve fiber layer thickness

(RNFLT) compared to the MS group, especially at

the nasal side (mean thickness 57.6 mm (SD 14.2) vs

65.8 mm (SD 13.2), respectively; p¼ 0.084).

Comparing the NMOSD group to the MS group at

Figure 2. Visual acuity (VA) in VA logMAR scales at different times after optic neuritis attack.

logMAR: logarithm of minimum angle of resolution.

Figure 3. Distribution of type of visual field defect in

neuromyelitis optica spectrum disorders (NMOSD) and

multiple sclerosis (MS).

Srikajon et al.
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the last follow-up visit (median duration of time

since first ON attack to last follow-up visit 5.6

years (IQR 1.1- 8.7) vs 6.4 years (IQR 1.5- 7.7),

respectively), the last RNFLT measurement, howev-

er, showed a significantly lower average of RNFLT

(60 mm vs 72 mm, p¼ 0.012) and a significantly

higher average of the inferior quadrant (65.5 mm vs

44 mm, p< 0.001). The thickness of the ganglion cell

layer and internal plexiform layer did not show any

significant differences between the two groups

(Table 2 and Figure 4).

Paraclinical findings with MRI imaging and

cerebrospinal analysis

Brain MRI at the time of the first attack was per-

formed in the 52 NMOSD and 18 MS patients. The

most common MRI findings in the NMOSD group

were nonspecific findings whereas brain MRI fulfill-

ing the Swanton Criteria was the most common

appearance in the MS group (70% vs 15.4%;

p� 0.001). For those who had first spinal MRI avail-

able to review, spinal involvement with longitudinal

extensive transverse myelitis (LETM) was found

significantly more frequently in the NMOSD group

than the MS group (50% vs 13.3%, respectively;

p¼ 0.016). The two MS patients who had a first

spinal MRI available had four and three vertebral

segment lengths of spinal lesions with peripheral

cross-sectional involvement and typical Swanton

brain MRI findings, respectively, and these two

MS patients had follow-up times up to seven and

eight years, respectively. We found 20.8% of

NMOSD patients presented with short myelitis

(Table 3).

Thirty-seven NMOSD patients and 10 MS patients

had orbital MRI available to review, and no signif-

icant abnormality was seen in around 40% in each

group. The median interval from the onset of ON to

MRI assessment of the patients who initially pre-

sented with ON was 60 days (0, 214) for NMOSD

and 84 days (63, 120) for MS patients (p¼ 0.311).

ON-NMOSD could not be differentiated from ON-

MS by orbital MRI by T2/fluid-attenuated inversion

recovery/proton techniques, the location of the orbit-

al segment involvement, optic nerve diameter in

each segment or having contrast enhancement.

Transegmental orbital involvement was commonly

found both in ON-NMOSD and ON-MS (66.7% vs

71.4%, respectively; p¼ 1.0) with an average of

2.52 segments involved vs 2.50 segments involved,

respectively (p = 0.968) (Table 4).

The presence of oligoclonal bands in the cerebrospi-

nal fluid (CSF) was significantly higher in the MS

group than the NMOSD group (72.2% vs 12.8%,

respectively; p� 0.001) while CSF-pleocytosis was

not significantly different between the two groups

(Table 1).

Discussion

The present study showed the difficulty in complete-

ly differentiating ON-NMOSD from ON-MS based

only on demographic data, clinical presentation and

paraclinical investigations. There were no significant

differences between the two groups regarding age at

their first ON attack onset, fundoscopic findings,

having CSF-pleocytosis, OCT of the RNFL and gan-

glion cell layer thickness as well as imaging

findings. Some characteristic findings might, never-

theless, be suggestive of one condition more than the

other. Our study showed ON-NMOSD had recurrent

ON more often than ON-MS, and ON-NMOSD

tended to manifest with simultaneous BON involve-

ment at the first ON attack. ON-NMOSD was asso-

ciated with worse VA at the first ON attack and also

with a poorer long-term visual outcome than ON-

MS. Nearly one-half of the NMOSD group still

had a logMAR VA �1 at their last follow-up visit

even though they had had shorter disease durations

compared to the MS group.

While spinal MRI of LETM helps to suggest

NMOSD, the presence of CSF-oligoclonal bands

and brain MRI fulfilling Swanton criteria is more

suggestive of MS. Ten percent to 20% of the

patients, nevertheless, did not have typical findings.

This borderline demyelinating group may thus need

other tools to help to differentiate between the

two conditions.

The present study found ON-MS had BON involve-

ment more frequently than previously reported13–15

with incidence of up to 15% at the first ON attack

and 11% of the total number of ON attacks. BON

involvement may, therefore, not be an appropriate

clinical characteristic to predict ON-NMOSD.

Similar to previous studies,16,17 we found worse VA

in acute ON attacks in ON-NMOSD than those

found in ON-MS with 79.2% of the ON-NMOSD

group having VA �1 logMAR. Concordant with one

previous study,18 we found poorer visual recovery in

nearly one-half of the patients with ON-NMOSD

who still had a VA of logMAR �1 at the last

follow-up visit. These findings reaffirm the more

severe clinical course of ON-NMOSD.
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Table 2. Comparison of visual presentations between NMOSD and MS patients who ever had optic neuritis attacks.

Results

Variables

Mean� SD or median (p25, p75)

p valueNMOSD (n¼ 59) MS (n¼ 20)

Nadir LogMAR 2 (1, 2.3) 1 (0.5, 2) 0.035

<0.5 5 (6.9) 3 (17.6) 0.180

0.5 – <1 10 (13.9) 3 (17.6) 0.710

�1 57 (79.2) 11 (64.7) 0.223

VA LogMAR at 1 month 0.8 (0.2,1.5) 0.45 (0.2,1) 0.414

<0.5 20 (36.4) 6 (46.2) 0.215

0.5 – <1 9 (16.4) 1 (7.7) 0.673

�1 26 (47.3) 6 (46.2) 0.529

VA LogMAR at 6 months 1� 0.9 0.8� 0.9 0.442

<0.5 22 (39.3) 7 (50) 0.467

0.5 – <1 17 (30.4) 4 (28.6) 1.000

�1 17 (30.4) 3 (21.4) 0.742

VA LogMAR at 12 months 0.6 (0.2, 1.4) 0.3 (0.2, 0.7) 0.214

<0.5 20 (45.5) 7 (53.8) 0.594

0.5 – <1 13 (29.5) 5 (38.5) 0.735

�1 11 (25) 1 (7.7) 0.261

LOFU LogMAR 0.8 (0.2, 2.2) 0.45 (0.1, 1.1) 0.294

<0.5 28 (43.1) 8 (53.3) 0.212

0.5 – <1 5 (7.7) 4 (26.7) 0.171

�1 32 (49.2) 3 (20) 0.035

Improve �2 Snellen lines at 6 mo (n, %) 33 (50) 8 (44.4) 0.792

Improve �2 Snellen lines at 12 mo (n, %) 21 (47.7) 6 (46.2) 0.920

Fundoscopic findings (n, %)

Normal 34 (50.7) 9 (50.0) 1.00

Disc swelling 33 (49.3) 9 (50.0) 1.00

Presence of optic atrophy at 12 mo (n, %) 30 (83.3) 7 (63.6) 0.213

VF defect at first attack (n, %) 52 13

Altitudinal 19/52 (36.5) 1/13 (7.7) 0.051

Arcuate 4/52 (7.7) 4/13 (30.8) 0.044

Diffuse 25/52 (48.1) 7/13 (53.8) 0.764

Others (Central/peripheral/quadrantanopia) 4/52 (7.7) 1/13 (7.7) 1.00

First RNFL (mm): n tested 39 13

Average RNFLT 68.1� 18.8 76.5� 29.0 0.235

Superior quadrant 80.5 (56.3, 99.4) 100 (59.5, 126.5) 0.134

Nasal quadrant 57.6� 14.2 65.8� 13.2 0.084

Inferior quadrant 89.0� 36.7 103.2� 41.7 0.268

Temporal quadrant 50.8� 13.2 49.3� 13.8 0.74

Average GCLþ IPL thickness (mm) 56.7� 9.1 63.6� 13.8 0.106

Time from first ON attack to first RNFLT tested (years) 3.0 (0.5, 7.7) 4.8 (2.5, 9.5) 0.518

Time from first ON attack to last RNFLT tested (years) 5.6 (1.1, 8.7) 6.4 (1.5, 7.7) 1

Number of ON attacks before last RNFLT (n) 1 (0, 2) 0 (0, 0.75) 0.132

Final RNFLT (mm): n tested 20 4

Average RNFLT 60 (54.3, 65.8) 72 (68.2, 81.75) 0.012

Superior quadrant 67.9� 14.9 89.3� 25.3 0.19

Nasal quadrant 53.1� 5.4 57.5� 8.6 0.186

Inferior quadrant 65.6� 22.1 99.5� 6.8 <0.001
Temporal quadrant 49.8� 7.6 44� 9.8 0.199

Average GCLþ IPL thickness (mm) 53 (50, 60) 63.5 (59, –) 0.21
(continued)
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Table 2. Continued

Results

Variables

Mean� SD or median (p25, p75)

p valueNMOSD (n¼ 59) MS (n¼ 20)

VEP: n tested 47 12 0.21

P100 latency (ms) 132.0� 21.8 122.9� 20.1 0.198

P100 amplitude (mV) 5.4 (4.3, 6.9) 4.6 (4.2, 6.3) 0.524

mm: micrometer; mV: microvolt; GCL: ganglion cell layer; IPL: inner plexiform layer; LOFU: last of follow-up; mo: months; ms: millisecond;

MS: multiple sclerosis; NMOSD: neuromyelitis optica spectrum disorders; ON: optic neuritis; RNFLT: retinal nerve fiber layer thickness; SD:

standard deviation; VA: visual acuity; VEP: visual evoked potential; VF: visual field.

Figure 4. Changes of retinal nerve fiber layer thickness (RNFLT) after the optic neuritis attack in neuromyelitis optica spectrum disorders and

multiple sclerosis. ns: not significant.

Table 3. Comparison of brain and spinal MRI findings between NMOSD and MS patients who ever had optic neuritis attacks.

Results

Variables

Mean� SD or median (p25, p75)

p valueNMOSD (n¼ 59) MS (n¼ 20)

MRI brain: n/n tested 52/59 18/20

Normal (n/n tested, %) 10/52 (19.2) 2/18 (11.1) 0.718

Nonspecific (n/n tested, %) 20/52 (38.5) 2/18 (11.1) 0.040

Swanton criteria (n/n tested, %) 8/52 (15.4) 14/18 (70) <0.001
Other NMOSD lesions (n/n tested, %) 14/52 (27.0) 0/18 0.015

MRI spine: n/n tested 48/59 15/20

Normal (n/n tested, %) 14 (29.2) 6 (40) 0.528

Short TM (n/n tested, %) 10 (20.8) 7 (46.7) 0.092

LETM (n/n tested, %) 24 (50) 2 (13.3) 0.016

LETM: long extensive transverse myelitis; MRI: magnetic resonance imaging; MS: multiple sclerosis; NMOSD: neuromyelitis optica

spectrum disorders; SD: standard deviation; TM: transverse myelitis.
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OCT has been proposed to be a novel tool to differ-

entiate ON-NMOSD from ON-MS and may be used

as a predictor of visual recovery outcome and dis-

ability progression.19,20 A high index of suspicion

for ON-NMOSD is warranted if more severe retinal

damage is seen after an ON episode.21–25

Naismith et al. reported that the odds of categoriza-

tion to the NMOSD group increased by 8% for

every 1 mm decrease in RNFLT.21 We did not, how-

ever, find significant decreases of RNFLT in ON-

NMOSD patients compared to ON-MS patients at

the time of ON attacks. We did, however, find a

significantly thinner average RNFLT in ON-

NMOSD patients than ON-MS patients at the last

follow-up visit. Thinning of the RNFLT could

result from secondary neurodegeneration after the

ON attack, caused by anti-AQP4-Ab targeting the

Müller cell and also from other mechanisms that

cause retinitis and subsequent dysfunction/damage

of the retinal axons and neurons independent of the

action of anti-AQP4-Ab.18,26–28

The poorer VA outcome and thinner RNFLT at the

last follow-up visit seen in ON-NMOSD compared

to ON-MS may suggest the greater spreading of the

destruction of astrocytes, myelin and surrounding

structure due to pathologic anti-AQP4-Ab resulting

in irreversible damage.29

One previous report found altitudinal VF defect to

be highly suggestive of ON-NMOSD.30 The

authors proposed that an ischemic mechanism

mediated by anti-AQP4-Ab in ON-associated

NMOSD may explain those findings.31 We also

found a trend toward having a higher incidence

of altitudinal VF defect in ON-NMOSD than in

ON-MS; however, this was not significantly differ-

ent, perhaps because of small numbers of observa-

tions of this variable in the present study. To the

best of our knowledge, the present study is the first

to report that arcuate VF defect was more common-

ly found in ON-MS than in ON-NMOSD. This

finding, nevertheless, needs to be confirmed by a

large sample population.

A higher proportion of normal orbital MRI findings

in both groups was found in the present study com-

pared with previous studies.14,32–34 This may be

explained by the longer time to MRI assessment at

our center (two to three months) compared with that

of four weeks in the study by Ramanathan et al.14

and six weeks in the study by Khanna and col-

leagues.33 The time delay to MRI assessment in

Table 4. Comparison of orbital MRI findings between NMOSD and MS patients who ever had optic neuritis attacks.

Results

Variables

Mean� SD or median (p25, p75)

p valueNMOSD (n¼ 59) MS (n¼ 20)

MRI orbit: n/n tested 37/59 10/20

Normal MRI of the orbit (n/n tested, %) 14/37 (41.2) 4/10 (40) 1

Number of lesions on T2/FLAIR/proton (n/n tested, %)

Intraorbital 18/23 (78.3) 4/6 (66.7) 0.612

Canalicular 14/3 (60.9) 3/6 (50) 0.669

Prechiasmatic 15/23 (65.2) 5/6 (83.3) 0.633

Optic chiasm 10/23 (43.5) 3/6 (50) 1

Optic tract 1/23 (4.3) 0 (0) 1

Transegmental orbital involvement (n/n tested, %) 18 (66.7) 5 (71.4) 1

Lesion extension in segments/total 2.52� 1.20/5 2.50� 1.04/5 0.968

Optic nerve lesions with contrast enhancement (n/n tested, %) 6/23 (26.1) 0 (0) 0.213

Optic nerve diameter (mm)

Mid-intraorbital (vertical plane) 1.98� 0.70 1.74� 0.75 0.379

Mid-intraorbital (horizontal plane) 2.29� 0.95 2.37� 0.22 0.841

Mid-canalicular 1.32 (1.04, 1.86) 1.67 (1.20, 2.15) 0.122

Prechiasmatic 1.44� 0.42 1.74� 0.27 0.112

MRI: magnetic resonance imaging; MS: multiple sclerosis; NMOSD: neuromyelitis optica spectrum disorders; SD: standard deviation; T2-

FLAIR: T2-weighted fluid-attenuated inversion recovery.

Srikajon et al.

www.sagepub.com/msjetc 9



the present study could have allowed for sufficient

time for the lesion to fade out.

The difference in the radiological findings of orbital

MRI in the present study from those reported by

Ramanathan et al.14 may be due to several factors.

Baseline characteristics were, firstly, not the same.

Ramanathan et al. studied a population experiencing

their first episode of ON including 19 anti-MOG-Ab,

11 anti-AQP4-Ab, 13 MS and seven others.14 They

included pediatric patients (the proportion in each

group was not mentioned) and had an age of onset

10 years younger and an onset of ON to MRI assess-

ment of shorter duration than the present study.14

The present study was, however, a cross-sectional

study using retrospective data and recruited only

adult patients who had experienced at least one

attack of ON. The differences between the present

study and that of Ramanathan and colleagues in the

incidence of ON as an initial manifestation of

NMOSD or MS may have been due to the high

ratio of patients in the NMOSD group to the MS

group in the present study at nearly 5.6:1 (45

NMOSD patients vs eight MS patients). This

higher ratio of NMOSD patients to MS patients as

well as the small sample sizes in the present study

may have caused the reported findings to be impre-

cise as estimates.

The present study revealed only a trend toward

having more simultaneous BON involvement at

their first ON attack in the NMOSD group. Our find-

ings were similar to those of Absoud et al.,35 which

showed a higher proportion of unilateral ON (40%)

than BON involvement (20%), but were different

from those of Ramanathan et al., which showed

BON predominantly.14

Similar to the present study, Khanna et al.33 showed

a trend toward more posterior involvement of the

optic nerve in the NMO group with chiasmatic

enhancement seen in NMO patients, but this was

not significant, while Ramanathan and colleagues14

reported that the majority of anti-AQP4-positive ON

patients had involvement of the intracranial portion

of the optic nerve and exhibited longitudinally

extensive ON. The difference in results may be

due to differences in eligibility criteria, time to get

orbital MRI assessment (four weeks in the study by

Ramanathan et al.,14 six weeks in that by Khanna

and colleagues,33 and two to three months in the

present study) and small numbers of patients in

each stratified group.

The enhancement pattern could not differentiate

between the two groups in the present study, which

is concordant with two previous studies.14,23

Ramanathan et al.14 reported one anti-AQP4-

positive ON patient and about one-half of their

anti-MOG-Ab-positive ON patients had optic nerve

head swelling radiologically while the present study

did not find this in any of the patients. It should,

nevertheless, be noted that we found only one anti-

MOG-Ab-positive ON patient.

Comparing optic nerve diameter, we did not find

significant differences between the ON-NMOSD

and ON-MS patients in different dimensions mea-

sured by our current MRI protocol. More-advanced

MRI techniques focusing on the optic nerve in larger

groups of patients may help to clarify whether any

true differences exist.

The present study confirmed the findings in the lit-

erature that the majority of NMOSD patients had

LETM, frequently detected by an association with

ANA autoantibodies, and that the majority of MS

patients fulfilling Swanton brain MRI criteria had

CSF-oligoclonal IgG bands. A proportion of the

patients (up to 20%), nevertheless, had borderline

presentations or did not manifest with typical pre-

sentations. Discrimination between ON-NMOSD

and ON-MS in this group could not have been reli-

able even with clinical presentations, ophthalmolog-

ic investigations and orbital MRI findings. In this

group, a highly sensitive and specific anti-AQP4-

Ab test would have been useful to help to discrim-

inate between these two conditions. In the case of a

negative anti-AQP4-Ab test, ON-NMOSD would,

however, have still been difficult to discriminate

from ON-MS. Other novel biomarkers in the serum

and CSF and advanced MRI techniques may help to

discriminate between these two entities.7

The present study had several limitations. We, first-

ly, had small numbers of MS patients with ON;

therefore, it may not have been sufficient to declare

statistical significance. Our study was, secondly, a

retrospective study of real-world practice.

Unexpected factors in clinical practice could, thus,

have occurred and may have affected the results of

the study. The optic nerve lesion after the acute

attack may, for example, have been resolved or dis-

torted resulting in changes of the optic nerve length

lesion, enhancement pattern and MRI appearances,

which may have affected the statistical findings,

because orbital MRI was delayed because of the

internal referral process between departments. We,
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finally, did not test anti-MOG-Ab routinely in all of

the patients suspected of having demyelinating dis-

eases. Positivity both for anti-AQP4-Ab and anti-

MOG-Ab is, however, very rare.36 In the present

study, 88% of NMOSD patients were anti-AQP4-

Ab positive and all seven anti-AQP4-Ab-negative

NMOSD patients were tested for anti-MOG-Ab.

We found only one NMOSD patient who was

anti-AQP4-Ab seronegative and anti-MOG-Ab sero-

positive. The presence of very low numbers of

unidentified anti-MOG-Ab-positive patients due to

lack of testing would, thus, be unlikely to strongly

bias the findings.

There is no current consensus on the sequences and

protocols for the application of current MRI or

advanced imaging for ON, and this lack of standard-

ization may have contributed to the inconsistency of

findings in the literature. Standardization of current

MRI or advanced imaging techniques to obtain ON

lesions would, therefore, be required before these

imaging techniques can be considered as reliable

measures of outcomes in clinical trials.

A future, well-designed cohort study with larger

numbers of patients within specific stratified

groups of ON including anti-MOG-Ab-positive-,

anti-AQP4-Ab-positive-, anti-AQP4-Ab- negative-

associated ON, ON-MS, and isolated-ON is needed

to clarify the differences between ON-associated MS

and NMOSD as well as other demyelinat-

ing diseases.

Conclusion

The present study showed that most of the Thai

patients in our study with ON-NMOSD had more

relapsing, tended to present initially with simulta-

neous BON and had poorer visual outcome com-

pared to those with ON-MS.
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