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Abstract

OBJECTIVE—To differentiate MRI characteristics of optic neuritis associated with 

neuromyelitis optica (NMO) and relapsing remitting multiple sclerosis (RRMS).

BACKGROUND—Optic neuritis is a common presenting feature of both neuromyelitis optica 

and multiple sclerosis. Distinguishing between NMO and RRMS is important in guiding 

treatment, but biomarkers of NMO and MS can be absent early in the disease process. We looked 

for differences in MRI characteristics of optic neuritis associated with NMO and MS that provide 

an early clue in the diagnostic workup.

DESIGN/METHODS—We conducted a retrospective analysis of 26 NMO and 26 RRMS 

patients presenting to the Johns Hopkins Hospital with MRI-confirmed acute optic neuritis. MRIs 

were assessed to identify the location and longitudinal extent of each contrast enhancing lesion. 

For the purposes of this study, the optic nerve was divided into intraorbital, canalicular, pre-

chiasmal, chiasmal, and optic tract.

RESULTS—There are distinct differences in MRI characteristics between NMO- and RRMS-

associated optic neuritis. The majority of NMO lesions were longitudinally extensive measuring at 

least 17.6 mm in length and involving at least three optic nerve segments. At a cutoff of 17.6 mm 

lesion length, the specificity for NMO is 76.9% with a sensitivity of 80.8% and positive likelihood 

ratio of 3.50. Conversely, MS lesions were more commonly focal in one optic nerve segment 

localized anteriorly.
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CONCLUSIONS—Optic neuritis in NMO has a distinct pattern on MRI as compared with 

RRMS and can help differentiate these two neuroinflammatory diseases at presentation.

Keywords

neuromyelitis optica; aquaporin-4; longitudinally extensive optic neuritis; MRI; bilateral optic 
neuritis

Introduction

Neuromyelitis optica (NMO) and relapsing remitting multiple sclerosis (RRMS) are both 

recurrent immune-mediated diseases of the central nervous system (CNS) that may present 

with optic neuritis (ON) early in the disease course. Differentiating between the two diseases 

can be difficult when other clues are not available such as positive serological testing for 

anti-AQP4 antibodies, which are present in only 12-20% of patients with recurrent optic 

neuritis.1,2 Treatments for MS have been shown to worsen the disease course of NMO,3-5 

and since ON is the presenting event in NMO 47% of the time,6 new biomarkers are needed 

to differentiate outcomes between MS and NMO after clinically isolated ON.

Attacks on the optic nerve in NMO tend to be more severe with a greater reduction in visual 

acuity7,8 and thinning of the retinal nerve fiber layer.9-15 NMO patients are also more likely 

to develop microcystic macular edema by ocular coherence tomography (OCT) in affected 

eyes.16, 17 In acute optic neuritis, brain MRI can be helpful in distinguishing patients with 

relapsing diseases from those with monophasic optic neuritis18-20. Classic MRI findings in 

NMO include diencephalic and brainstem lesions3,21,22 but recent work suggests NMO 

patients also have periependymal and subcortical white matter lesions similar to MRIs in 

MS.23 MRI studies of the optic nerves in the acute phase of inflammation have been small 

series. Khanna et al. observed that NMO lesions tended to be more posterior and more often 

involved the chiasm compared to MS.24 Storoni et al. showed that not only were lesions 

more posterior but also longer in NMO.25 The work of Pula et al. supported evidence of 

longitudinally extensive optic neuritis in NMO as compared to MS in a small cohort, also 

demonstrating a trend for bilateral and chiasmal involvement.26 However, this was not 

found to be the case in a pediatric cohort, where the presence of longitudinally extensive 

optic neuritis lesions on MRI did not differentiate MS from non-MS diseases in children, 

including NMO.27

In this study, we compared the length of MRI lesions of NMO and RRMS optic neuritis 

cases and found that NMO lesions were predominantly longitudinally extensive stretching at 

least 17.6 millimeters across the optic pathways as compared to MS lesions, which were < 

17.6 mm and largely spared the intracranial portions of the optic nerves. Longitudinally 

extensive optic neuritis (LEON) is a helpful MRI finding in distinguishing NMO from MS.

Methods

We conducted a retrospective analysis of 52 patients with RRMS and NMO treated at the 

Johns Hopkins Hospital with MRI-confirmed acute ON. NMO diagnosis was based on the 

2006 diagnostic criteria of myelitis and ON, as well as two of three supporting criteria: 
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LETM, NMO-IgG seropositivity, and/or a brain non-diagnostic for MS. NMOSD diagnosis 

was based on the presence of NMO-IgG seropositivity with the presence of ON. NMO-IgG 

test was performed at Quest Labs and the Mayo Clinic Lab. MS diagnosis was based on the 

2010 McDonald criteria. Patients were included only if the MRI imaging confirmed a 

gadolinium enhancing lesion within the optic nerve within 30 days of symptom onset. 

Length of lesions were measured based on the T1 post-gadolinium sequences to ensure that 

burden of disease from previous lesions was not accounted for in this cohort. MRIs were 

assessed to identify the location and longitudinal extent of each lesion. MRI exams were 

performed at either 1.5 or 3 Tesla on a Philips (Best, Netherlands), GE Healthcare 

(Milwaukee, WI) or Siemens (Erlangen, Germany) scanner. Fifty four percent of the NMO 

patient events and 41% of the MS patient events were captured using dedicated orbital 

imaging. For the purposes of this study, the optic nerve was divided into intraorbital 

(anterior), canalicular, pre-chiasmal, chiasmal, and optic tract (Figure 1). Each segment was 

counted separately along the two sides of the nerve: 2 intraorbital optic nerves, 2 canalicular, 

2 pre-chiasmal, 1 chiasm and 2 optic tracts. An unblinded neuroradiologist measured the 

length of each acute ON lesion on the T1 post contrast-enhanced sequence. The total length 

of enhancement within the optic pathways was measured. When both the left and right optic 

nerves enhanced, the lengths of the lesions were added together to determine the total length 

of optic nerve affected. When non-contiguous enhancing lesions were noted within the optic 

nerve(s), the lengths of these lesions were similarly added together. Longitudinally extensive 

lesions are defined as those extending at least 17.6 millimeters.

Statistics

Medians and Mann-Whitney U-test was used to compare lesion lengths as the distribution 

was not normal. To calculate the threshold for optimal distinction between NMO and MS, 

we used an R package "pROC" for Receiver-operator characteristic (ROC) curves analysis, 

an open-source package for R and S+ to analyze and compare ROC curves. The threshold 

for optimal sensitivity and specificity was determined as the point on the ROC curve that is 

closest to the perfect diagnosis, (coordinate of (1,1)). Fisher’s test was used to determine if 

the ratio of anterior to posterior optic nerve involvement was different between NMO and 

MS.

This study was approved by the Johns Hopkins Institutional Review Board.

Results

We conducted a retrospective analysis of 26 patients with RRMS and 26 patients with NMO 

treated at the Johns Hopkins Hospital between 1993 and 2013 with MRI-confirmed acute 

ON. Of the 26 NMO patients, 22 were female (85%), and 16 were African American (62%), 

7 were Caucasian American (27%), and 3 (12%) were Latin American. The mean age was 

35.4 years (median 36.1; range 4.0-67.4) (Table 1). Nineteen ultimately met diagnostic 

criteria for NMO, 12 of whom were NMO IgG seropositive, and 7 remained NMOSD with 

positive NMO-IgG but no spinal cord involvement. There were a total of 28 events of ON 

among the 26 NMO patients: 21 were the first event in the affected eye, 9 of which were the 

first lifetime event, 5 were the second event in the affected eye, and 2 patients had at least 2 
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prior events in that eye. Of the 26 MS patients, 24 were female (92%), and 9 were African 

American (35%), 16 were Caucasian American (62%), and 1 was Latin American (4%). The 

mean age was 33.6 years (median 32.0; range 15.2-54.4) (Table 1). There were a total of 27 

events of ON among the 26 MS patients: 25 were the first event in the affected eye, 16 of 

which were the first lifetime event, 1 was a second event in the affected eye, and 1 patient 

had at least 2 prior events in the affected eye. Of the 28 patient events in NMO, 7 were on 

immunosuppressive treatment at the time of the event (2 mycophenolate mofetil, 2 

azathioprine, 1 oral prednisone, 1 rituximab, 1 IVIG). Of the 27 patient events in MS, 7 were 

on immunomodulation/immunosuppression at the time of their event (3 glatiramer acetate, 2 

interferon β-1a, 1 rituximab, 1 dimethyl fumarate).

Twenty-six MRIs in NMO and 26 MRIs in MS were evaluated for measurement of the 

enhancing lesion. The median length of ON lesions in NMO was 28.2 mm (IQR, 18.8; 

range, 11.6-64.9) compared to 10.5 mm in MS (IQR, 9.7; range, 3.5-31.7) (Figure 2). Table 

2 shows the sensitivities and specificities by lesion length for NMO compared to MS. The 

area under the ROC curve is 0.876 (95% CI: 0.782 - 0.970) (Figure 3) and the optimal 

threshold is 17.6 mm. At this cutoff, the specificity for NMO compared to MS is 76.9% with 

a sensitivity of 80.8% and positive likelihood ratio of 3.50. Longer lesions confer higher 

specificity for NMO. There was no difference in the length of the acute ON lesion in NMO 

patients who presented with their first event or a relapse (Table 3). There was also no 

difference in lesion length among NMO-IgG seropositive and seronegative NMO patients 

(Table 3).

Similar to lesion length, acute ON in NMO involving at least two optic nerve segments was 

79% compared to 30% in MS, and 61% of NMO cases of ON had lesions involving ≥ 3 

segments versus 0% in MS (Figure 4). Conversely, MS lesions were more commonly focal 

in one optic nerve segment localized anteriorly, such that the entire lesion is more often 

contained in the intraorbital and/or canalicular regions of the optic nerve (74%, versus 33% 

in NMO). NMO lesions involved the posterior optic pathways in 67% of optic neuritis cases, 

most of which were longitudinally extensive and included all 3 regions of the optic nerve, 

whereas MS optic nerve lesions were more commonly anterior with only a 26% involvement 

of the posterior segments of the optic pathways (Table 4). NMO lesions were also more 

likely to be bilateral (25%, versus 0% in MS) and involve the optic chiasm (25%, versus 4% 

in MS) and tracts (18%, versus 0% in MS) (Table 4). There was no correlation between 

lesion length and age, race or symptom duration within either population.

Discussion

Longitudinally extensive optic neuritis (LEON) defined as an acute gadolinium enhancing 

MRI lesion extending for at least 17.6 mm may be a useful biomarker of NMO and may 

help distinguish NMO from RRMS early in the disease course. In this retrospective study, 

81% of acute ON cases in NMO were longitudinally extensive compared with 23% for acute 

ON cases in MS. NMO lesions are likely to stretch from the intraorbital space through the 

canalicular portion and into the intracranial visual pathways including the optic chiasm and 

optic tracts. MS lesions tend to be focal lesions sparing the intracranial visual pathways with 

no MS lesions extending across all three regions of the optic nerve. These MRI features of 
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acute ON in NMO and MS are present at the onset of disease suggesting that LEON may be 

prognostic for development of NMO among patients with recurrent demyelinating disease 

and provides a useful clue to guide preventive treatment.

LEON is not unique to NMO. In this study, six cases of ON among MS patients presented 

with LEON of at least 17.6 mm in length, and no commonality was found among these 6 in 

terms of race, sex or age. LEON may also be a feature of optic neuritis among patients with 

other inflammatory or infectious diseases including chronic relapsing and monophasic 

inflammatory optic neuropathy, as well as vascular disease of the optic nerve.28,29 The 

scope of this study was limited to patients with diagnoses of MS and NMO; further studies 

are needed to evaluate the specificity of NMO to other potential causes of LEON. This study 

is also limited by the modest sample size and the over-representation of African Americans 

in this cohort in both the NMO and MS groups, reflecting the patient population seen at the 

Johns Hopkins Hospital. Similarly, women were over-represented in both patient groups and 

may have skewed the populations towards a more favorable outcome as men have been 

recently shown to have generally worse outcomes after acute optic neuritis.30 Another 

potential limitation is the heterogeneity of the samples of both NMO and RRMS patients, 

which includes both first-ever and repeat optic neuritis events. Previous studies have 

reported no correlation between the length of an acute optic neuritis lesion by MRI and 

outcomes of visual acuity and function.30 Further study accounting for acute treatment 

protocols are needed to confirm these findings, and should include investigations of the 

relationship of lesion length and retinal injury as measured by optical coherence 

tomography.
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Highlights

• There are differences in MRI features between NMO and MS-associated optic 

neuritis.

• The majority of NMO enhancing lesions were longitudinally extensive > 17.6 

mm long

• NMO lesions were likely to involve the posterior optic pathways and chiasm.

• MS lesions were more commonly restricted to one optic nerve segment 

anteriorly.
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Figure 1. 
For this study, the optic nerve was divided into 5 segments, as depicted: intraorbital 

[extending from the optic bulb to the start of the optic canal], canalicular [the portion of the 

nerve that lies within the optic canal], pre-chiasmal [begins at the exit of the optic canal 

intra-cranially extending to the chiasm], chiasmal [across the chiasm], and optic tracts 

[posterior to the chiasm] (2); there were 9 segments in total. (Sketch from Wikimedia 

Commons.)
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Figure 2. 
The median length of enhancing optic nerve lesions in neuromyelitis optica is 28.2 mm with 

IQR 18.8 compared to 10.6 mm with IQR 9.7 for multiple sclerosis lesions (Mann-Whitney 

U-test, p<0.0001).
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Figure 3. 
Receiver-operator characteristic (ROC) curve visualizing the tradeoff between sensitivity 

and specificity of optic nerve lesion length demonstrated good accuracy defined by the area 

under the curve. The point on the curve closest to perfect (coordinate 1,1) is 17.6 mm that 

correlates with a sensitivity of 80.8%, a specificity of 76.9% and a likelihood ratio of 3.50.
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Figure 4. 
Acute optic neuritis in neuromyelitis optica involving at least two optic nerve segments was 

79% compared to 30% in multiple sclerosis (Fisher’s test, p=0.0004). No lesions in multiple 

sclerosis extended beyond 2 segments.
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Table 1

Patient demographics

NMO MS

Subjects n 26 26

# of Events 28 27

Diagnosis NMO
 Seropositive NMO
 Seronegative NMO

19 (73%)
 12
 7

N/A

NMOSD 7 (27%)

Female sex 22 (85%) 24 (92%)

Age at event
(years)

Mean 35.4 range 4.0-67.4 33.6
range 15.2-54.4

Median 36.1 years 32.0 years

Race African American 16 (61%) 9 (35%)

Caucasian American 7 (27%) 16 (61%)

Latin American 3 (12%) 1 (4%)

ON as 1st event (%) 35 61

ON as 1st event in the affected eye (%) 75 93

# untreated for disease suppression at
time of event

23 (82%) 22 (81%)

# MRI obtained prior to acute medication
administration

21 (75%) 20 (74%)

Time from first
symptom of event
to MRI (days)

Mean 10
range 0-30

13
range 2-30

Median 5 12
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Table 2

NMO sensitivities and specificities by lesion length

Lesion Length
(mm)

Sensitivity (%) Specificity (%) Likelihood
ratio

≥5 100 4 1.06

≥10 100 46 1.81

≥15 85 73 3.16

≥17.6 80.8 76.9 3.50

≥20 77 77 3.33

≥25 62 81 3.20

≥30 46 92 5.83

≥35 35 100

≥40 19 100

≥45 12 100

≥50 10 100
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Table 3

Clinical characteristics are not predictive of optic nerve lesion length.

Number of
cases

Lesion length
Mean/median (mm)

p-value

NMO
events

1st ever event of NMO
Recurrent NMO event

9 (32%)
19 (68%)

35.9/36.3
28.0/27.6

0.22

1st event in affected eye
Recurrent event in affected eye

21 (75%)
7 (25%)

31.8/29.7
26.4/27.5

0.45

MS
events

1st ever event of MS
Recurrent MS event

16 (62%)
10 (38%)

12.1/9.6
15.3/10.7

0.24

1st event in affected eye
Recurrent event in affected eye

24 (92%)
2 (8%)

13.9/10.6
8.2/8.2

0.38

NMO
serostatus

NMO-IgG +
NMO-IgG −

19 (73%)
7 (27%)

29.8/28.0
32.5/29.4

0.93
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Table 4

Lesion location: Anterior versus posterior optic nerve

NMO MS

Anterior only 5 (18%) 9 (33%)

Anterior + canalicular 3 (11%) 5 (19%)

Canalicular only 1 (4%) 6 (22%)

Canalicular + Posterior 2 (7%) 2 (7%)

Posterior only 4 (14%) 5 (19%)

All 3 regions
(anterior+canalicular+posterior)

13 (46%) 0%

Bilateral lesions 7 (25%) 0

Chiasmal lesions 7 (25%) 1 (4%)

Optic tract lesions 5 (18%) 0
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