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ABSTRACT

BACKGROUND AND PURPOSE: Differentiating pediatric-onset neuromyelitis optica spectrum disorder from acute disseminated en-
cephalomyelitis could be challenging, especially in cases presenting with only brain manifestations. Our purpose was to investigate brain
MR imaging features that may help distinguish these 2 entities.

MATERIALS AND METHODS: We retrospectively examined initial brain MR imaging studies of 10 patients with pediatric-onset neuromy-
elitis optica spectrum disorder (female/male ratio, 7:3) and 10 patients with acute disseminated encephalomyelitis (female/male ratio, 2:8).
The mean age of the patients was 10.3 � 5.6 and 8.7 � 5.3 years, respectively. Brain lesions were evaluated with respect to location, extent,
expansion, T1 hypointensity, contrast enhancement/pattern, and diffusion characteristics. The �2 test (Yates or Fisher exact �2tests) was
used to compare differences between groups.

RESULTS: Cerebral subcortical � juxtacortical and pons � middle cerebellar peduncle were the most frequent locations involved in both
neuromyelitis optica spectrum disorder (n � 5 and 4, respectively) and acute disseminated encephalomyelitis (n � 9 and 7, respectively).
Thalamic lesions were more frequent in acute disseminated encephalomyelitis (P � .020) and were detected only in 1 patient with
neuromyelitis optica spectrum disorder. None of the patients with neuromyelitis optica spectrum disorder had hypothalamic, internal
capsule, or cortical lesions. The internal capsule involvement was found to be significantly different between groups (P � .033). There was
no significant difference in terms of extent, expansion, T1 hypointensity, contrast enhancement/pattern, and diffusion characteristics.

CONCLUSIONS: Although there is a considerable overlap in brain MR imaging findings, thalamic and internal capsule involvement could
be used to differentiate pediatric-onset neuromyelitis optica spectrum disorder from acute disseminated encephalomyelitis.

ABBREVIATIONS: ADEM � acute disseminated encephalomyelitis; anti-AQP4 � anti-aquaporin-4; AQP4 � aquaporin-4; NMOSD � neuromyelitis optica spectrum
disorder

Neuromyelitis optica spectrum disorder (NMOSD) is a dis-

tinct inflammatory CNS disease characterized primarily by

recurrent attacks of optic neuritis and/or longitudinally extensive

transverse myelitis. The discovery of a highly specific serum

marker for neuromyelitis optica, the anti-aquaporin-4 (anti-

AQP4) antibody, provided increased recognition of previously

precluded brain involvement1,2 and further expanded the clin-

ical spectrum by identification of seropositive patients with

atypical presentations.3,4

Previous studies in NMOSD defined the brain MR imaging

lesions mostly as “nonspecific,” located in areas of high or low

aquaporin-4 (AQP4) expression.5,6 More recent characteriza-

tions of brain MR imaging abnormalities reported in seropositive

patients include periependymal lesions surrounding the ventri-

cles and cerebral aqueduct, dorsal medullary lesions often contin-

uous with cervical cord lesions, extensive hemispheric white mat-

ter lesions, and lesions in the corticospinal tracts (posterior limb

of the internal capsule and cerebral peduncle).7-10

Relative to adult-onset, NMOSD is infrequent in children

(3%–5% of all cases). In series of pediatric-onset NMOSD, brain

lesions are reported more frequently11-14; this feature makes the

task of distinguishing the clinical picture of pediatric-onset
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NMOSD from other acquired demyelinating syndromes, such as

acute disseminated encephalomyelitis (ADEM), very challenging.

This is especially difficult in cases presenting with brain manifes-

tations without optic neuritis or myelitis at onset.15,16 A timely

and accurate diagnosis is important for effective management of

NMOSD, which has a very different treatment approach com-

pared with ADEM and other demyelinating diseases.17,18

The aim of our study was to identify brain MR imaging find-

ings at disease onset that could help distinguish pediatric-onset

NMOSD from ADEM.

MATERIALS AND METHODS
Patient Selection
We obtained approval from the Johns Hopkins institutional re-

view board to conduct a retrospective search of pediatric patients

diagnosed with neuromyelitis optica or NMOSD between 2002

and 2017 at the Johns Hopkins Hospital. Inclusion criteria were as

follows: pediatric onset (18 years or younger); fulfillment of the

2006 and 2015 criteria for neuromyelitis optica and NMOSD,

respectively2,3; and cerebral manifestations at disease onset with

technically available brain MRIs for review. The results of anti-

AQP4 antibody tests were also recorded.

For the ADEM group, the Johns Hopkins Hospital radiologic

data base was queried for pediatric-onset ADEM. Inclusion crite-

ria were as follows: patients fulfilling the 2007 consensus defini-

tion for ADEM,19 brain MR imaging studies obtained within 2

months of the first clinical event, and a follow-up time of at least

2 years. We excluded patients with further attacks that could sug-

gest an alternative diagnosis.

Image Acquisition
All MR images were obtained using either 1.5T or 3T scanners

(Achieva, Philips Healthcare, Best, the Netherlands; Signa Excite,

GE Healthcare, Milwaukee, Wisconsin; and Area, Avanto, Skyra,

Siemens, Erlangen, Germany). Brain MR imaging sequences were

T1WI, fast spin-echo T2WI, fast spin-echo FLAIR, and postgado-

linium T1-weighted imaging. DWI was also included except for 2

children with NMOSD. The T1WI was performed with the fol-

lowing parameters: TR range, 520 – 696 ms; TE range, 4.6 –14 ms;

matrix size range, 192 � 192 to 512 � 196; FOV range, 190 � 190

to 240 � 240 mm; section thickness/spacing range, 1/1 to 5/7 mm.

The T2WI was performed with the following parameters: TR

range, 2500 –7000 ms; TE range, 83–112 ms; matrix size range,

256 � 184 to 448 � 335; FOV range, 159 � 200 to 240 � 240 mm;

section thickness/spacing range, 2/2 to 5/5 mm. The axial FLAIR

sequence was performed with the following parameters: TR

range, 6000 –9000 ms; TE range, 81–120 ms; TI range, 2000 –2600

ms; matrix size range, 256 � 256 to 416 � 512; FOV range, 159 �

200 to 240 � 240 mm; section thickness range, 4 –5 mm. The axial

EPI DWI was performed with the following parameters: TR range,

5400 –9000 ms; TE range, 70 –100 ms; matrix size range, 128 �

128 to 192 � 192; FOV range, 300 � 230 to 350 � 260 mm;

section thickness range, 4 –5 mm.

Image Evaluation
All brain MRIs were reviewed in consensus by 2 neuroradiologists

(I.I. and E.B.). Brain lesions were evaluated with respect to loca-

tion, extent, expansion, T1 hypointensity, contrast enhancement/

pattern, and diffusion characteristics.

Statistical Analysis
Data analysis was performed with SPSS Statistics 23.0 (IBM, Ar-

monk, New York). Descriptive statistics were expressed as mean �

SD for age. The independent-samples t test was performed to com-

pare the means of the 2 groups for age. Categoric variables are pre-

sented as count and percentage. The �2 test (Yates or Fisher exact �2

tests) was used to compare differences between groups for all cate-

goric variables. Results with P values � .05 were considered statisti-

cally significant. Post hoc power analysis was performed to justify the

sample size.

RESULTS
Ten patients with the diagnosis of NMOSD (female/male ratio,

7:3; mean age, 10.3 � 5.6 years) and 10 patients with the diagnosis

of ADEM (female/male ratio, 2:8; mean age, 8.7 � 5.3 years) were

included in the study. The clinical variables of the 2 cohorts are

compared in Table 1. There was no significant difference in terms

of sex (P � .07) or mean age (P � .5) of the patients in the 2

groups. The patients with NMOSD presented either with cerebral

manifestations alone (40%) or in conjunction with optic neuritis

and/or transverse myelitis (60%). Two (20%) of them were sero-

positive for AQP4, and 1 patient was found to be seropositive for

the anti-myelin oligodendrocyte glycoprotein antibody a few

months after onset.

A summary of the imaging findings of patients with NMOSD

and ADEM is provided in Table 2. The most frequent locations of

involvement were the cerebral hemispheric white matter and

pons � middle cerebellar peduncle in both NMOSD (n � 5 and 4,

respectively) and ADEM (n � 9 and 7, respectively). The periven-

tricular area of the fourth ventricle was involved in 5 patients with

NMOSD (50%). The periependymal area appeared to be affected

via extension of large lesions at the brain stem or cerebellum

rather than being the center of involvement (Fig 1A–C). Periven-

tricular extension of brain stem lesions (n � 6, 60%) was also

common in patients with ADEM.

The periaqueductal area (n � 1), thalamus (n � 1), basal gan-

glia (n � 1), and corpus callosum (n � 1) were rare lesion loca-

tions in patients with NMOSD. There were no lesions in the

periependymal area around the third ventricle, in the posterior

limb of the internal capsule, or in the cerebral cortex. The single

thalamic lesion in the NMOSD cohort was small and nonspecific

and distant from the ependymal lining of the third ventricle. In

contrast to patients with NMOSD, unilateral/bilateral (n � 4/3)

Table 1: The clinical features of patients with pediatric-onset
NMOSD vs ADEM

Characteristics NMOSD ADEM
F/M ratio 7:3 2:8
Mean age at initial manifestation (yr) 10.3 � 5.6 8.7 � 5.3
Involvement at initial manifestation

n (%)
Brain 4 (40%) 5 (50%)
Brain � spinal cord 2 (20%) 5 (50%)
Brain � optic nerve 2 (20%) 0
Brain � spinal cord � optic nerve 2 (20%) 0

Mean follow-up time (yr) 5.1 3.4
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thalamic and internal capsule involvement were common in pa-

tients with ADEM (Fig 2) and demonstrated a significant differ-

ence between these 2 groups (P � .020 and P � .033, respectively).

The post hoc power values of 82% and 80% were calculated for

the thalamic and internal capsule variables, respectively.

There was no significant difference in terms of extent, expan-

sion, T1 hypointensity, contrast enhancement/pattern, and diffu-

sion characteristics. Contrast enhancement was frequent in pa-

tients with NMOSD (n � 8), with the most common pattern

described as cloudlike parenchymal enhancement (n � 5). We

also detected regional cerebral or cerebellar leptomeningeal en-

hancement (Fig 1D–F) in patients with NMOSD (n � 3) contrary

to the ADEM group (P � .23). There was no specific type of

enhancement in patients with ADEM; most of the contrast-en-

hanced lesions showed mild diffuse enhancement (n � 3). Re-

stricted diffusion was a rare finding in patients with both NMOSD

(n � 2) and ADEM (n � 3).

DISCUSSION
The most recent consensus criteria for the diagnosis of NMOSD

make special mention of the difficulty in distinguishing pediatric-

onset NMOSD from ADEM.4 Pediatric ADEM may also present

with longitudinally extensive transverse myelitis similar to NMOSD;

therefore, myelitis is not a reliable predictor of NMOSD in chil-

dren.4,20 Further complicating the issue, brain lesions are more

frequent in children compared with adult-onset NMOSD.12-14,21,22

Imaging findings that can help distinguish these rare neuroimmuno-

logic diseases may help to confirm a diagnosis in children. Accord-

ingly, in this study, we aimed to find differences in brain MR imaging

features that could distinguish pediatric-onset NMOSD from its pri-

mary mimicker, ADEM.

Pediatric-onset NMOSD–related brain involvement, similar

to adult-onset disease, has been characterized by large (�2 cm)

subcortical white matter lesions and lesions within the areas of

high AQP4 expression such as periependymal areas of the fourth

and third ventricles.12,14 Our results were similar to those of pre-

vious studies in regard to the high frequency of confluent lesions

in the cerebral subcortical white matter and brain stem, though

periventricular involvement was not distinctive. The periven-

tricular areas of the fourth ventricle rather seemed to be sec-

ondarily involved by extension of confluent brain stem lesions.

The bandlike circumventricular lesions with or without pencil-

thin ependymal enhancement, which are highly suggestive of an im-

mune-mediated reaction against ependymal linings, were not de-

tected. Therefore, periventricular involvement around the fourth

ventricle was not specific enough to be distinguished from periven-

tricular extension of large, confluent brain stem lesions frequently

observed in the ADEM cohort. This finding along with the lack of

previously described periependymal diencephalic lesions could be

partially explained by a low anti-AQP4 seropositivity ratio in the

NMOSD cohort. Also, this pattern of diencephalic involvement was

not a common MR imaging finding, even in the largest study con-

ducted on children with anti-AQP4 antibodies,12 and its absence

may be due to the small number of cases in our study.

We have found that thalamic and internal capsule involve-

ment could differentiate pediatric-onset NMOSD from

ADEM. Thalamic involvement was infrequent and limited to a

nonspecific lesion in 1 patient with NMOSD. This result was

similar to those in the previous cohorts of pediatric-onset

NMOSD, which noted frequencies of thalamic lesions ranging

from none to 13%.12,13,18,20 On the other hand, thalamic in-

volvement in the ADEM cohort was frequent and characteris-

tic, with mostly asymmetric, large, and poorly marginated le-

sions as previously reported.23 The consistency of our findings

with previous reports allowed us to postulate that thalamic

lesion location could favor a diagnosis of ADEM over pediat-

ric-onset NMOSD.

Another lesion location that resulted in a significant difference

between these disease entities was the posterior limb of the inter-

nal capsule. We did not detect any posterior limb of the internal

capsule lesion in the NMOSD cohort, contrary to ADEM. Prior

pediatric-onset NMOSD cohorts did not specify involvement of the

internal capsule; therefore, a correlation with the current study is not

possible. However, previous reports of adult-onset NMOSD showed

varying frequencies of corticospinal tract involvement from 3% to

44%.5,7,10 The inconsistency of our findings with adult-onset

NMOSD cohorts may reflect differences in disease mechanisms be-

tween children and adults. The statistical effects of small cohort size

may also be responsible for this result. Re-evaluation with larger

comparative cohorts is needed for validation.

Table 2: Brain MRI findings of patients with pediatric-onset
NMOSD vs ADEM

Characteristics
NMOSD
(n = 10)

ADEM
(n = 10)

P
Value

Lesion localization/infratentorial
Medulla 4 (40%) 2 (20%) 1

Area postrema 2 (20%) 1 (10%) 1
Cerebellum 2 (20%) 2 (20%) 1
Pons 4 (40%) 7 (70%) .37
Middle cerebellar peduncle 4 (40%) 6 (60%) .65
Periventricular 5 (50%) 6 (60%) 1
Mesencephalon 2 (20%) 4 (40%) .63

Periaqueductal 1 (10%) 1 (10%) 1
Lesion localization/supratentorial

Diencephalon
Thalamus 1 (10%) 7 (70%) .02a

Hypothalamus 0 3 (30%) .21
Periventricular 0 5 (50%) .37

Internal capsule 0 5 (50%) .03a

Basal ganglia 1 (10%) 3 (30%) .58
Corpus callosum 1 (10%) 2 (20%) 1
Cerebral white matter

Periventricular 3 (30%) 6 (60%) .37
Juxtacortical-subcortical 5 (50%) 9 (90%) .57

Cerebral cortex 0 3 (30%) .21
Size (�2 cm) 6 (60%) 8 (80%) .63
T1 hypointensity 7 (70%) 6 (60%) 1
Expansion 7 (70%) 8 (80%) 1
Contrast enhancement 8 (80%) 5 (50%) .35
Enhancement pattern

Patchy, nodular 5 2
Diffuse 0 3
Leptomeningeal 3 0
Ring-incomplete ring 1 1
Perivenular 1 0

Restricted diffusion 2b 3 (30%) 1
a Significant.
b DWI was not performed in 2 children with NMOSD.
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Remarkably, no other MR imaging findings including lesion

expansion, T1 hypointensity, contrast enhancement/pattern, and

diffusion characteristics could be identified to differentiate

pediatric-onset NMOSD from ADEM.

Expansion and T1 hypointensity are

common features in the acute attack of

demyelinating/inflammatory entities

as contrast enhancement.23,24 Different

patterns of contrast enhancement have

been identified in NMOSD, such as

cloudlike parenchymal, pencil-thin

ependymal, leptomeningeal, or perivas-

cular enhancement.24-28 Among these,

ependymal and leptomeningeal en-

hancement was found significantly more

frequently in patients with NMOSD than in

those with MS and was suggested as a

characteristic feature in NMOSD.27 In

our study, we found similar results re-

garding leptomeningeal enhancement;

it was seen in 3 patients (37.5%) with

NMOSD and was not detected in pa-

tients with ADEM (P � .23). Although

differences between the 2 entities were

not statistically significant, consider-

ing the previous remarks on leptomen-

ingeal enhancement in NMOSD and the

possible statistical effects of our small-

sized cohorts together, we hypothesized

that this enhancement pattern could

favor the diagnosis of NMOSD over

ADEM. Future investigations with

larger comparative cohorts are required

to confirm this hypothesis.

Two patients with leptomeningeal

enhancement tested negative for anti-

AQP4 antibodies. This finding is difficult

to explain by the anti-AQP4 antibody–

mediated immune response alone, which

was the previously proposed mechanism

for leptomeningeal enhancement. Fluctu-

ating anti-AQ4 antibody titers, relatively

lower antibody titers that are undetectable

by serum assays, or varied AQP4 expres-

sion could be responsible for leptomenin-

geal enhancement in these seronegative

patients, or perhaps some other underly-

ing pathophysiologic mechanisms could

exist. Although the patchy or so-called

cloudlike enhancement was frequent in

the NMOSD group, it was not discrimina-

tive and was also seen in patients with

ADEM.

There are only a few case series in the

literature defining diffusion characteris-

tics of brain lesions in NMOSD.16,19,29

Brain lesions in those series were charac-

terized by facilitated diffusion, which was attributed to vasogenic

edema associated with acute inflammation. We present 2 NMOSD

cases having brain lesions with patchy areas of restricted diffusion,

FIG 1. MR images of 2 patients in the NMOSD group. The axial FLAIR image (A) of an 11-year-old female
patient shows a minimally expansile, large, hyperintense lesion involving the pons. The postcontrast
T1-weighted image (B) reveals inconspicuous subpial enhancement in the lesion (arrow). The patchy
areas of restricted diffusion can be seen on the DWI (C). The axial FLAIR image (D) of another patient
shows extensive white matter lesions in the left occipital lobe. The axial (E) and the coronal (F) post-
contrast T1-weighted images reveal accompanying leptomeningeal enhancement (circles).

FIG 2. MR images of 2 patients in the ADEM group. The axial FLAIR images (A and B) of a 5-year-old
male patient show confluent pontine and symmetric thalamic lesions, respectively. The postcon-
trast T1-weighted image (C) reveals inconspicuous enhancement in the thalamic lesions (arrows).
The axial T2-weighted images (D–F) of a 16-year-old female patient show extensive lesions involv-
ing the pons, cerebral peduncle, and posterior limb of the internal capsule along the course of left
corticospinal tract.
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different from previous data. Restricted diffusion in the affected

regions may be due to swelling of myelin sheaths, reversible vas-

cular compromise, or intense cell infiltration due to acute inflam-

matory reaction. Similar to findings in a previous report,30 re-

stricted diffusion in the brain lesions was not frequent in our

ADEM cohort, either. All these findings suggest that restricted

diffusion could infrequently associate brain lesions in both pedi-

atric-onset NMOSD and patients with ADEM and could not help

in differentiating these 2 entities.

As the main limitation, our comparative cohort comprised a

relatively small number of patients in each group. Therefore, fu-

ture studies with larger sizes are needed to test the validity of the

identified MR imaging discriminators and to further investigate

the role of leptomeningeal enhancement in the differentiation of

pediatric-onset NMOSD from ADEM.

Another limitation is that not all patients were tested for the

anti-myelin oligodendrocyte glycoprotein antibody because test-

ing for this antibody was not widely available at the time of the

study design. Anti-myelin oligodendrocyte glycoprotein antibody

has been found in a subgroup of anti AQP4 antibody negative

NMOSD patients including children. Although anti-myelin oli-

godendrocyte glycoprotein antibody disease emerged as a distinct

entity with more favorable clinical outcomes recently,31 it is not

specified in the NMOSD diagnostic criteria yet. Larger cohorts

with anti-myelin oligodendrocyte glycoprotein antibody testing

are needed to characterize brain MR imaging findings distinctive

of this group of patients in future studies.

Other limitations were due to retrospective design of the

study. MR images were obtained from scanners with different

magnet strengths, there were differences in imaging parameters

including slice thickness, and DWI was not performed in 2 chil-

dren with NMOSD. All of these could affect the sensitivity of

image evaluation and comparisons.

CONCLUSIONS
Although there is a considerable overlap in brain MR imaging

findings, the present study suggests that thalamic or internal cap-

sule involvement could be used to differentiate pediatric-onset

NMOSD from ADEM. Prospective studies with larger numbers of

patients are required for validation of these findings.
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