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ABSTRACT

Objective: To compare clinical features of pediatric neuromyelitis optica (NMO) to other pediatric
demyelinating diseases.

Methods: Review of a prospective multicenter database on children with demyelinating diseases.
Case summaries documenting clinical and laboratory features were reviewed by an adjudication
panel. Diagnoses were assigned in the following categories: multiple sclerosis (MS), acute dissem-
inated encephalomyelitis, NMO, and recurrent demyelinating disease not otherwise specified.

Results: Thirty-eight cases of NMOwere identified by review panel, 97% of which met the revised
International Panel on NMO Diagnosis NMO-SD 2014 criteria, but only 49% met 2006 Winger-
chuk criteria. Serum or CSF NMO immunoglobulin G (IgG) was positive in 65% of NMO cases that
were tested; however, some patients became seropositive more than 3 years after onset despite
serial testing. No patient had positive CSF NMO IgG and negative serum NMO IgG in contempo-
raneous samples. Other than race (p 5 0.02) and borderline findings for sex (p 5 0.07), NMO IgG
seropositive patients did not differ in demographic, clinical, or laboratory features from seroneg-
atives. Visual, motor, and constitutional symptoms (including vomiting, fever, and seizures) were
the most common presenting features of NMO. Initiation of disease-modifying treatment was
delayed in NMO vsMS. Two years after onset, patients with NMO had higher attack rates, greater
disability accrual measured by overall Expanded Disability Status Scale score, and visual scores
than did patients with MS.

Conclusion: The new criteria for NMO spectrum disorders apply well to the pediatric setting, and
given significant delay in treatment of NMO compared to pediatric MS and worse short-term out-
comes, it is imperative to apply these to improve access to treatment. Neurology® 2016;86:245–252

GLOSSARY
ADEM 5 acute disseminated encephalomyelitis; DD-NOS 5 recurrent demyelinating disease not otherwise specified;
EDSS 5 Expanded Disability Status Scale; IgG 5 immunoglobulin G; IPMSSG 5 International Pediatric Multiple Sclerosis
Study Group; IPND 5 International Panel for NMO Diagnosis; IQR 5 interquartile range; IT 5 infratentorial; LETM 5 longi-
tudinally extensive transverse myelitis; MOG 5 myelin oligodendrocyte glycoprotein; MS 5 multiple sclerosis; NMO 5 neu-
romyelitis optica; ON 5 optic neuritis; PLEX 5 plasma exchange.

Approximately 4% of neuromyelitis optica (NMO) cases are reported to be pediatric onset.1,2

Early differentiation of NMO from other childhood demyelinating disorders including acute
disseminated encephalomyelitis (ADEM) and multiple sclerosis (MS) is critical for instituting
appropriate therapy. Reports on pediatric NMO are often limited to small series or case re-
ports,2–6 most of which have focused on NMO immunoglobulin G (IgG)–seropositive patients.
The largest series from the Mayo Clinic described a cohort of 88 children seropositive for NMO
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IgG antibody.2 Another series of 9 children
with demyelinating disease included a descrip-
tion of children with relapsing NMO pheno-
type, 7 of whom were seropositive for NMO
IgG antibody.5

The goal of this study was to characterize the
demographic and clinical features in pediatric
patients with NMO spectrum disorders relative
toMS and ADEM and to test diagnostic criteria
for NMO,7–11 including the recently proposed
International Panel for NMODiagnosis (IPND
2015) criteria.9

METHODS Study setting. The US Network of Pediatric MS

Centers is a group of 9 centers funded by the National MS Soci-

ety that serve as regional referral centers for children and adoles-

cents with demyelinating diseases of the CNS. These sites include

Boston Children’s Hospital, Loma Linda Children’s Hospital, Mas-

sachusetts General Hospital, Mayo Clinic, SUNY-StonyBrook,

SUNY-Buffalo, Texas Children’s Hospital, University of Alabama,

and University of California San Francisco. Clinical data have been

prospectively collected from pediatric patients with acquired CNS

demyelinating diseases since May 2011, using standardized

case report forms, including demographic features, neurologic

examinations at visits, attack characteristics, and treatment

information.12 Data are entered into an OpenClinica database,

housed at the University of Utah Data Coordinating and Analysis

Center.

Patients. Four groups of patients were identified from the US

Network of Pediatric MS Centers database seen between May

1, 2011, and December 31, 2013: those with a treating physician

diagnosis of (1) NMO, (2) MS, (3) ADEM, or (4) any recurrent

forms of CNS demyelinating disease not falling into the prior cat-

egories (recurrent demyelinating disease not otherwise specified

[DD-NOS]).

Summary case report forms were generated including age at

onset, diagnoses at visits, relapse features, results of NMO IgG

testing in serum and CSF, presence of CSF oligoclonal bands,

and treatment history. Qualitative MRI review was performed

by site investigators on NMO cases including the presence of a

longitudinally extensive transverse myelitis (LETM) and the ful-

fillment of Paty or Barkhof brain MRI criteria.13 Each case was

reviewed by at least 2/4 members of a clinical review panel (T.C.,

J.N., L.K., E.W.) and assigned the following diagnostic

categories:

1. NMO meeting 2006 Wingerchuk8 criteria or consensus by

the clinical review panel (n 5 38).

2. Pediatric MS meeting International Pediatric Multiple Sclerosis

Study Group (IPMSSG) 2013 consensus criteria14 (n 5 150).

3. ADEM meeting IPMSSG consensus criteria14 and with at

least 2 years of follow-up with no further attacks (n 5 24).

4. Recurrent DD-NOS: demyelinating disorders with.1 attack,

not meeting definitions 1–3 (n 5 26).

We assessed whether NMO cases met the updated IPND

2015 diagnostic criteria for NMO,9 which divide patients into

NMO-IgG seropositive and NMO-IgG seronegative. Seroposi-

tive patients are required to have at least one of the following core

clinical characteristics: optic neuritis (ON), transverse myelitis,

area postrema syndrome, acute brainstem syndrome, narcolepsy

or diencephalic syndrome, or cerebral syndrome with NMO

spectrum disorder–typical brain lesions. Only the first 4 of these

criteria could be assessed in our cohort, as the last 2 are not

collected as part of the standard dataset. Seronegative patients

are required to have at least 2 core clinical characteristics of the

following: (1a) at least 1 core clinical characteristic must be ON,

acute myelitis with LETM, or area postrema syndrome; (1b)

dissemination in space; (1c) fulfillment of additional MRI re-

quirements, as applicable; (2) negative test for aquaporin-4 IgG

using best available assay, or testing unavailable; (3) no better

explanation for the clinical syndrome.

Statistical analysis. We described study populations using

counts and relative frequencies for categorical variables, and

means and standard deviations, or medians and interquartile

ranges (IQR, or 75th percentile–25th percentile), for continuous

variables. We reported the number of patients with available data

for each description due to varying rates of unknown data. De-

scriptions included demographics, laboratory results, first attack

locations and symptoms, and disease course. History of other

autoimmune diseases of the patient and first-degree relatives

(i.e., mother, father, full sibling), treatments, and timing of

those treatments are also described.

We tested for associations between diagnosis classifications

using Fisher exact tests for categorical variables and Wilcoxon

rank-sum tests for continuous variables. Differences between pa-

tients with seronegative and seropositive NMO were tested using

the same methods. Differences were considered significant when

p , 0.05. Analyses were conducted using SAS software, version

9.4 (SAS Institute Inc., Cary, NC).

Standard protocol approvals, registrations, and patient
consents. Ethics committees of participating institutions

approved this study. The University of Utah Data Coordinating

and Analysis Center maintains the human subject research proto-

col for the centralized collection and storage of data from all par-

ticipating sites.

RESULTS Patient groups. We identified 38 patients
with pediatric NMO, 150MS, 24 ADEM, and 26 recur-
rent DD-NOS, according to our reviewer classification
criteria (table 1).

Fulfillment of diagnostic criteria for NMO. We tested
recent NMO criteria in 37/38 patients. One patient
did not have sufficient information. Only 49% (18/
37) of the reviewer-classified patients with NMO met
the 2006 Wingerchuk diagnostic criteria for NMO.8

Thirteen patients were NMO IgG seropositive, yet
had only one of the 2 core symptoms of ON or
transverse myelitis. A total of 28/37 patients with
NMO had LETM on their first available MRI scans.
Of the reviewer-classified patients with NMO,
approximately 1/3 (12/37) met Paty MRI criteria,
including 9 who also met Barkhof MRI criteria: 7/37
(Paty) and 3/37 (Barkhof) on their first available scan.

Updated diagnostic criteria for NMO have been
proposed recently. Using this subset of criteria features
as described in the methods, 36/37 (97%) reviewer-
defined patients with NMO fit the updated diagnostic
criteria.9

Demographic characteristics. The youngest patient
within the pediatric NMO group was 16 months at
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onset. Mean age at onset (years) was 10.2 6 4.7 in
NMO, 13.5 6 3.8 in MS, and 4.8 6 2.9 in ADEM
(table 1). Onset prior to age 11 years was more com-
mon in ADEM (96%) and less common in MS
(20%) and NMO (54%, p , 0.0001 both compar-
isons). Figure 1 presents the distribution of age at
onset for all diagnosis classifications.

The percentage of male participants was similar in
the NMO (32%) and MS (37%) groups. In contrast,
the ADEM cases were more frequently male (58%)
compared to NMO cases (p 5 0.06). The ratio of
female to male in patients with NMO,11 years was
1.5:1, and in those $11 years, 3.25:1 (figure 2). In
contrast, the female:male ratio in MS,11 was 1.1:1,
and in MS $11 was 1.86:1; in ADEM, the ratio was
0.77:1 (in ,11) and the $11 group was exclusively
male.

Nonwhite race was reported more frequently in
NMO vs MS or ADEM (p , 0.01, both compari-
sons). Table 1 shows patient’s reported race and eth-
nicity by group. Among patients with NMO, 37%
were African American, while 11% were Asian.

Hispanic/Latino ethnicity was reported in 13%
NMO, 31% MS, and 21% ADEM cases.

History of other autoimmune disease. Frequency of
other autoimmune diseases occurring in the patients
as well as first-degree relatives is reported in figures
e-1 and e-2 on the Neurology® Web site at
Neurology.org. Patients with NMO (16%) and MS
(9%) had similar rates of additional autoimmune
disorders. Of patients with NMO, 42% had first-
degree relatives with an autoimmune disease
compared with 32% of patients with MS.

NMO-IgG results. A total of 37/38 patients with
NMO had serum or CSF tested for NMO-IgG.
NMO-IgG was present in 65% (24/37) of NMO
cases: 60% (21/35) in serum and 50% (7/14) in
CSF. No patient had positive CSF NMO-IgG and
negative serum NMO-IgG in contemporaneous
samples. Two patients had positive CSF NMO-IgG
without contemporaneous serum testing performed.
One of these patients had positive CSF 2 years after
negative serum samples; however, a concomitant
serum sample was not drawn at the time of CSF
analysis. Of the 24 seropositive patients with NMO,
19 (79%) were positive the first time they were tested
(mean time after disease onset 11.3 months; SD 15.0;
range: 0–48 months), 4 became positive the 2nd time
(mean time after disease onset 26.5 months; SD 17.4;
range 3–45 months), and 1 the 3rd time (39.0 months
from onset). Of 23 seropositive patients with
information about the timing of the test, 57% tested
positive within 12 months of disease onset, 13% within
12–23 months, 13% within 24–35 months, and 17%
at 36 months or more. NMO-IgG was absent in
patients with MS (44% tested, 0/66), patients with
ADEM (42% tested, 0/10) and patients with
recurrent DD-NOS (81% tested, 0/21).

CSF results. Results of first CSF analysis are presented
in table 2 (NMO,MS, andADEM) and table e-1 (recur-
rent DD-NOS). Mean CSF leukocyte count was higher
in NMO vsMS (p5 0.01), but not different vs ADEM
(p 5 0.88). Percent CSF neutrophils were highest in
ADEM, but not different from the other groups (NMO
6.96 12.5, MS 8.16 11.5, p5 0.53; ADEM 21.26
22.9, p5 0.06). When all documented CSF laboratory
results were included in the analysis, CSF oligoclonal
bands were differentially present in NMO (31%), MS
(68%), and ADEM (0%) (p , 0.01 comparing NMO
and MS; p 5 0.08 comparing NMO and ADEM).
Similarly, IgG index was elevated in 30% of NMO
cases, 63% of MS cases (p 5 0.01 vs NMO), and
22% of ADEM cases (p 5 1.0 vs NMO).

First attack features. We compared first symptoms as
well as first attack locations in the different groups
(table 3). Visual, motor, and constitutional symptoms

Table 1 Demographics of patients with neuromyelitis optica (NMO), multiple
sclerosis (MS), or acute disseminated encephalomyelitis (ADEM)a

NMO (n 5 38) MS (n 5 150) ADEM (n 5 24)

Age onset, y

Mean (SD)b,c 10.2 (4.7) 13.5 (3.8) 4.8 (2.9)

Age <11 yb,c 20 (54) 30 (20) 23 (96)

Sex

Male 12 (32) 56 (37) 14 (58)

Female 26 (68) 94 (63) 10 (42)

Raceb,c

White 14 (37) 91 (61) 19 (79)

Black/African American 14 (37) 20 (13) 1 (4)

Multiracial 2 (5) 8 (5) 0 (0)

Asian/East Asian 0 (0) 4 (3) 1 (4)

Asian/South Asian 3 (8) 0 (0) 0 (0)

Asian/Southeast Asian 1 (3) 2 (1) 0 (0)

American Indian/Alaskan native 0 (0) 2 (1) 0 (0)

Native Hawaiian or Pacific Islander 0 (0) 1 (1) 0 (0)

Unknown 4 (11) 22 (15) 3 (13)

Ethnicityb

Non-Hispanic/non-Latino 29 (76) 91 (61) 17 (71)

Hispanic/Latino 5 (13) 46 (31) 5 (21)

Unknown 4 (11) 13 (9) 2 (8)

a Frequency (%) given, unless otherwise specified. Age at onset missing for 1 patient with
NMO.
bp Value ,0.05 comparing NMO vs MS according to a Wilcoxon rank-sum test for age or
Fisher exact test for all others; test for race compares white vs all others excluding
unknown; test for ethnicity compares Hispanic/Latino vs non-Hispanic/non-Latino.
cp Value ,0.05 comparing NMO vs ADEM according to the tests described above.

Neurology 86 January 19, 2016 247

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000002283


(including vomiting, fever, and seizures) were the
most common presenting features of NMO, and
the most frequent first attack localizations were to
the optic nerve, brainstem, and spinal cord (table
3). Of the NMO group, 5/38 (13%) had both spinal
cord and optic nerve localization at the first event. A
total of 4/5 of these patients had further attacks. We
investigated the proportion of patients who presented

with vomiting, since this has been identified as a first
presenting symptom in adult NMO.15 Vomiting was
an initial presenting symptom in 38% of patients
with NMO, as well as in 46% of patients with
ADEM (p 5 0.60 vs NMO), and in 10% of patients
with MS (p , 0.01 vs NMO).

Disease course. Time to relapse from first symptoms,
number of attacks to date, and Expanded Disability
Status Scale (EDSS) scores at 2 years are listed in table
3. Among patients with NMO, 2 (5%) had only one
attack (onset attack); 41 (27%) patients with MS had
only one attack (p , 0.01). Number of attacks and
EDSS scores 2 years after onset were higher in NMO
vs MS (p , 0.01 and p 5 0.02, respectively) or
ADEM (p, 0.01 for both comparisons). Both visual
and pyramidal first symptoms scores were higher in
patients with NMO than MS (p , 0.01 and p 5

0.06, respectively) at 2 years.

Treatment of pediatric NMO. Median time from dis-
ease onset to disease-modifying treatment for the 34
patients with NMO with documented treatments
was 286 days (IQR 95–836 days), compared to 153
days (IQR 56–391 days, p 5 0.04 comparing NMO
and MS) for the 136 patients with MS; for the 9
patients with recurrent DD-NOS with documented
treatments, median time to treatment was 523 days
(456–587 days, p 5 0.19 comparing NMO and
recurrent DD-NOS).

Among treatments for NMO and recurrent DD-
NOS groups, rituximab (47% and 8%), mycopheno-
late mofetil (39% and 12%), and azathioprine (24%
and 12%) were the most often reported treatments in
the NMO and recurrent DD-NOS groups.

Although not considered a disease-modifying ther-
apy in the above analysis, 39% of patients with NMO
were ever treated with plasma exchange (PLEX). In
the ADEM group, 2 (8%) patients were treated with
PLEX; 9 (6%) of the MS group were treated with
PLEX. None of the patients with DD-NOS was trea-
ted with PLEX.

Comparison of seropositive vs seronegative patients with

NMO. Comparing demographic and clinical features
of seropositive and seronegative NMO cases, race dif-
fered between groups (p , 0.05); 12/13 black/Afri-
can American patients were seropositive vs 6/14 white
patients and 6/10 patients with other/multiracial/
unknown race. Female participants were 76% seropos-
itive, and male participants were 42% seropositive
(p 5 0.06). No other differences were found between
seropositive and seronegative NMO groups for char-
acteristics, including age at onset, first symptoms, ON
and LETM attacks, child/first-degree relative with
autoimmune disease, first attack location, response to
treatment, number of relapses at 2 years, or EDSS at
2 years. Presence of oligoclonal bands and mean

Figure 2 Sex distribution by age group (<11 vs ‡11 years of age) for each
diagnosis classification

ADEM 5 acute disseminated encephalomyelitis; MS 5 multiple sclerosis; NMO 5 neuromy-
elitis optica.

Figure 1 Age at onset in the diagnostic classification groups

Patient data are plotted on boxplots as circles randomly jittered horizontally to show density.
Boxplots show the mean (diamond), first and second quartiles (shaded box), median (box
center line), and fences extending to 1.5 times the interquartile range. ADEM 5 acute dis-
seminated encephalomyelitis; IT 5 infratentorial; MS 5 multiple sclerosis; NMO 5 neuromy-
elitis optica; ON 5 optic neuritis.
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lymphocyte, neutrophil, and eosinophil counts were
similar across NMO IgG-positive vs -negative groups.

Recurrent DD-NOS. Based on the clinical characteris-
tics, we further subclassified the recurrent DD-NOS
group as (1) ADEM followed by at least one
additional attack of ON (ADEM-ON) (n 5 8); (2)
recurrent ON attacks only (recurrent-ON) (n 5 11);
(3) recurrent infratentorial attacks (recurrent-IT)
(n 5 7). Demographic features are presented in
table e-2, and first attack and clinical features are
presented in tables e-1, e-3, and e-4 and figure 1.
Among the recurrent DD-NOS groups, the
ADEM-ON group was almost exclusively male,
while the other 2 groups were predominantly
female. In addition, 88% of the ADEM-ON group
had onset prior to age 11 years, while recurrent-ON
and recurrent-IT groups were approximately equally
distributed between the age groups. The ADEM-ON
group was exclusively white and non-Hispanic in the
7/8 patients who reported race. A total of 82% (9/11)
of the recurrent-ON were white, and one of these
patients reported Hispanic ethnicity. Of the
recurrent-IT group, 71% (5/7) were white, and 2 of
these patients reported Hispanic ethnicity. CSF
leukocyte count (table e-1) was highest in the
ADEM-ON group. In contrast, ADEM-ON had
the lowest CSF lymphocyte count among the 3
groups. Notably, the recurrent DD-NOS group
with recurrent IT attacks had high EDSS scores
(4 6 3.5) at 2 years.

DISCUSSION This study compares the clinical and
demographic features of NMO in children with other
common pediatric acquired CNS demyelinating dis-
eases, MS and ADEM.

Although the 2006 Wingerchuk criteria had poor
sensitivity for reviewer-diagnosed pediatric NMO at
49%, the revised IPND 2014 criteria were 97% sensi-
tive. This likely reflects that children with NMO ini-
tially present with forms of disease more often
consistent with the 2007 NMO-SD11 definitions
rather than with concurrent or sequential ON and
transverse myelitis. Analysis of qualitative MRI features
of pediatric NMO and other demyelinating diseases is
underway, and will enable further sensitivity and spec-
ificity analysis. However, despite this, our reviewer
classification of pediatric NMO almost fully concurred
with the newly proposed IPND diagnostic criteria.

Approximately 54% of the patients with NMO
were younger than 11 years at onset, compared to on-
ly 20% of the patients with MS. However, the pedi-
atric NMO and MS sex ratio increased numerically
after age 11 years in both diseases, suggesting that
female preponderance increased with age and poten-
tially as a component of puberty.16,17

In our study, no one demographic, first attack fea-
tures collected in our database, or CSF result defini-
tively distinguished pediatric NMO from other
entities, with the exception of NMO IgG. Despite
the heterogeneity of the assays used to measure serum
levels at the various centers,18 65% of our NMO
cohort was seropositive for NMO IgG, which is close
to reports in adults.18,19 NMO IgG was identified in
57% of the seropositive patients within 1 year of dis-
ease onset; however, repeat serum testing for up to 3–4
years should be considered in seronegative cases highly
suspected of NMO. Early NMO IgG testing may
identify the majority of pediatric NMO cases; how-
ever, enhanced assay sensitivity should be explored,
particularly in the pediatric population. Among all

Table 2 Results from CSF laboratoriesa

Results from the first documented CSF test

NMO (n 5 38) MS (n 5 150) ADEM (n 5 24)

No. Mean (SD) No. Mean (SD) No. Mean (SD)

CSF leukocytes/mLb,c 32 105.8 (221.9) 109 19.4 (53.4) 23 55.7 (115.6)

Neutrophils 11 6.9 (12.5) 33 8.1 (11.5) 13 21.2 (22.9)

Eosinophils 12 0.8 (1.5) 26 0.6 (1.1) 7 1.4 (1.9)

Lymphocytes 25 76.2 (26.0) 90 91.4 (99.2) 18 69.4 (22.1)

Monocytesb,c 18 13.9 (12.8) 72 9.7 (13.3) 15 17.4 (11.4)

Positive result documented from any CSF test No. No. positive No. No. positive No. No. positive

Oligoclonal bandsb,c 32 10 (31) 103 70 (68) 9 0 (0)

Elevated IgG indexb,c 23 7 (30) 88 55 (63) 9 2 (22)

Abbreviations: ADEM 5 acute disseminated encephalomyelitis; IgG 5 immunoglobulin G; MS 5 multiple sclerosis; NMO 5 neuromyelitis optica.
Values are n (%).
a The numbers of patients with available CSF laboratory data are shown for each measure and group. Patients with missing data are excluded from
calculations of mean, SD, percent, and statistical tests.
bp Value ,0.05 comparing NMO vs MS according to a Wilcoxon rank-sum test for continuous measures or Fisher exact test for all others.
cp Value ,0.05 comparing NMO vs ADEM according to the tests described above (no such tests were significant).
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contemporaneous samples, positive CSF NMO-IgG
corresponded to positive serumNMO-IgG, suggesting
that serum testing alone is sufficient for the majority of
cases.

The number of attacks and disability level at 2 years
were higher in our pediatric patients with NMO com-
pared to pediatric MS. However, there was a delay in
treatment of pediatric NMO compared to MS, which
may have contributed to these differences. Neverthe-
less, these results indicate that prompt and effective
treatment of pediatric NMO is necessary, which may
be facilitated by prompt diagnosis. Similar to our find-
ings, a study from Brazil reported persistent relapses
and disability accumulation in children and adoles-
cents with NMO despite treatment.20 Other groups
have reported high disability accrual, particularly visual
disability in pediatric patients with NMO21 and com-
pared to adults,4 which was influenced by race.22 In our
study, children with NMO had more frequent attacks
of ON compared to MS cases, which may contribute
to overall visual deficits. A French study reported
slower long-term disability accrual measured by
EDSS, but higher visual disability in patients with

pediatric-onset NMO compared to adult-onset
NMO.23 Taken together, these results demonstrate
that pediatric-onset NMO is a debilitating condition,
particularly with respect to visual deficits, and further
investigation into optimizing treatment strategies is
required to limit disability accrual.

We identified a recurrent DD-NOS group that
did not meet consensus criteria for NMO-SD or
MS. This group consisted of subcategories of recur-
rent demyelinating disease, some of which have been
noted previously in the pediatric literature.24 Whether
these cases overlap with NMO and the biological
processes are similar to NMO or MS is unclear, and
point to the need for further investigation into the
etiology, clinical course, and response to treatment in
this subgroup. Of particular concern is the subgroup
with recurrent infratentorial attacks, which had a high
accrual of disability at 2 years. Children with recur-
rent ON25 and ADEM-ON24 who are negative for
NMO-IgG have been shown to have myelin oligo-
dendrocyte glycoprotein (MOG) antibodies.

Strengths of our study include the multicenter
prospective collection of data and the availability of

Table 3 First attack features and disease course 2 years following the first attacka

First attack features

NMO (n 5 38) MS (n 5 150) ADEM (n 5 24)

No. Frequency (%) No. Frequency (%) No. Frequency (%)

Location

Optic nerve 26 17 (65) 54 36 (67) 5 2 (40)

Cerebrumb,c 19 6 (32) 51 47 (92) 20 20 (100)

Brainstem/cerebellarb 24 17 (71) 75 67 (89) 11 11 (100)

Spinal cordb 22 12 (55) 54 44 (81) 8 6 (75)

Symptoms

Visionb 34 21 (62) 121 45 (37) 10 3 (30)

Motor 32 17 (53) 133 72 (54) 23 18 (78)

Constitutionalb 35 23 (66) 137 49 (36) 24 21 (88)

Disease course No. Mean (SD) No. Mean (SD) No. Mean (SD)

Optic nerve eventsb,c 38 1.26 (1.27) 150 0.45 (0.74) 24 0.08 (0.28)

Transverse myelitis eventsb,c 38 1.26 (1.39) 150 0.57 (0.79) 24 0.25 (0.44)

First interattack period, d 35 284 (386) 109 343 (405) 0 NA

Expanded Disability Status Scaleb,c,d 14 2.25 (1.25) 59 1.28 (1.04) 8 0.5 (0.96)

Visual Functional System Scoreb,c,d 14 2.29 (2.22) 59 0.39 (0.79) 7 0.14 (0.38)

Pyramidal Functional System Scorec,d 14 0.79 (0.80) 59 0.44 (0.70) 8 0.13 (0.35)

No. of attacks in first 2 yearsb,c,e 38 1.84 (1.44) 150 1.03 (0.99) 24 0 (0)

Range 0–6 0–4 NA

Abbreviations: ADEM 5 acute disseminated encephalomyelitis; MS 5 multiple sclerosis; NMO 5 neuromyelitis optica.
a The numbers of patients with available data are shown for each measure and group. Patients with missing data are excluded from estimates and
statistical tests.
bp Value ,0.05 comparing NMO vs MS according to Fisher exact test (first attack features) or Wilcoxon rank-sum test (disease course).
cp Value ,0.05 comparing NMO vs ADEM according to Fisher exact test (first attack features) or Wilcoxon rank-sum test (disease course).
d Expanded Disability Status Scale from the clinical visit closest to 2 years from onset, 66 months.
e From the time of the first attack, not including the first attack.

250 Neurology 86 January 19, 2016

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



sizable comparison pediatric groups with other demy-
elinating CNS disorders. Limitations include the
small sample size, lack of standardized MRI measures,
and standardized blood testing for NMO IgG. These
factors somewhat limited our ability to fully assess the
2015 IPND diagnostic criteria for NMO. Further
limitations include inability to distinguish limited vs
recurrent vomiting.15 Future studies are required
to assess the incidence and associations of MOG anti-
bodies in pediatric NMO, as has been recently
reported in adults,26,27 and children with NMO.28

Overall, we found that the IPND 2015 criteria
apply well to the pediatric setting, and given signifi-
cant delay in treatment of NMO compared to pediat-
ric MS and worse short-term outcomes, it is
imperative to apply these criteria to improve access
to treatment. Future work should assess response to
disease-modifying treatment and promising bio-
markers that may further aid in diagnosis and man-
agement of NMO in children.

AUTHOR CONTRIBUTIONS
Tanuja Chitnis: provided samples, interpretation of data, revising the

manuscript, study funding. Jayne Ness: provided samples, interpretation

of data, revising the manuscript. Lauren Krupp: provided samples, inter-

pretation of data, revising the manuscript. Emmanuelle Waubant: design

of study, interpretation of data, revising the manuscript. Tyler Hunt:

analysis and interpretation of data, revising the manuscript. Cody S.

Olsen: analysis and interpretation of data, revising the manuscript. Moses

Rodriguez: provided samples, interpretation of data, revising the manu-

script. Tim Lotze: provided samples, interpretation of data, revising the

manuscript. Mark Gorman: provided samples, interpretation of data,

revising the manuscript. Leslie Benson: data collection and revising the

manuscript. Anita Belman: provided samples, interpretation of data,

revising the manuscript. Bianca Weinstock-Guttman: data collection

and revising the manuscript. Greg Aaen: provided samples, interpretation

of data, revising the manuscript. Jennifer Graves: design of study, data

collection, analysis and interpretation of data, drafting and revising the

manuscript. Marc Patterson: provided samples, interpretation of data,

revising the manuscript. John W. Rose: data collection, revising the man-

uscript. T. Charles Casper: design of study, data collection, analysis and

interpretation of data, revising the manuscript.

ACKNOWLEDGMENT
Participating centers (with collaborators) are as follows: Children’s Hospi-

tal of Alabama (J. Ness, Y. Harris), Boston Children’s Hospital

(M. Gorman, L. Benson), Loma Linda University Medical Center

(G. Aaen), Massachusetts General Hospital for Children (T. Chitnis),

Mayo Clinic (J. Tillema, M. Rodriguez), State University of New York

at Stony Brook (L. Krupp, A. Belman), Texas Children’s Hospital

(T. Lotze), University of Buffalo (B. Weinstock-Guttman), University of

California at San Francisco (E. Waubant, J. Graves), University of Utah

Data Coordinating and Analysis Center (T. C. Casper, J. Rose, S. Roalstad,

T. Hunt, C. Olsen, T. Simmons, W. Weber, B. Brown, E. Roan).

STUDY FUNDING
Guthy Jackson Charitable Foundation (PI: Dr. Chitnis) and National

Multiple Sclerosis Society Data Coordinating and Analysis Center for

Pediatric MS Centers of Excellence (07/2013-06/2016, PI: Dr. Casper).

DISCLOSURE
T. Chitnis has served as a consultant for Biogen Idec, Teva Neurosci-

ences, Novartis, and Sanofi-Aventis, and has received grant support from

NIH, National MS Society, Guthy-Jackson Charitable Foundation,

CMSC and Merck-Serono, and Novartis. J. Ness reports no disclosures

relevant to the manuscript. L. Krupp is supported by the National MS

Society, NIH, Robert and Lisa Lourie Foundation, and Department of

Defense. She has received honoraria, consulting payments, grant support,

or royalties from Biogen, MedImmune, Novartis, Teva Neuroscience,

Sanofi-Aventis, and EMD Serono. E. Waubant is funded by the National

MS Society, the NIH, and the Race to Erase MS. She has received hon-

orarium from Questcor and Roche for 2 educational lectures, and is an ad

hoc consultant for Actelion, Sanofi-Aventis, and Roche. She is on an

advisory board for a clinical trial of Novartis. T. Hunt, C. Olsen, M. Ro-

driguez, T. Lotze, M. Gorman, L. Benson, and A. Belman report no dis-

closures relevant to the manuscript. B. Weinstock-Guttman received

honoraria for serving on advisory boards and educational programs from

Teva Pharmaceuticals, Biogen Idec, Novartis, Acorda EMD Serono, No-

vartis, Genzyme, and Sanofi. She also received support for research activ-

ities from the NIH, National Multiple Sclerosis Society, National Science

Foundation, Department of Defense, EMD Serono, Biogen Idec, Teva

Neuroscience, Novartis, Acorda, Genzyme, and the Jog for the Jake

Foundation. G. Aaen reports no disclosures relevant to the manuscript.

J. Graves was supported by the Foundation for Consortium of Multiple

Sclerosis Centers and the NIH Bridging Interdisciplinary Research

Careers in Women’s Health programs (5K12HD052163) during this

work. She has been a one-time advisory board participant for EMD

Serono. M. Patterson reports no disclosures relevant to the manuscript.

J. Rose has research funding from Teva Neuroscience and Biogen. He is a

member of the Medical Advisory Board for the DECIDE trial, which is

funded by Biogen and AbbVie. T. Charles Casper has been supported by

the National MS Society and the NIH (R01NS071463). He is an ad hoc

consultant for Biovest International, Inc. Go to Neurology.org for full

disclosures.

Received March 13, 2015. Accepted in final form September 21, 2015.

REFERENCES
1. Quek AM, McKeon A, Lennon VA, et al. Effects of age

and sex on aquaporin-4 autoimmunity. Arch Neurol

2012;69:1039–1043.

2. McKeon A, Lennon VA, Lotze T, et al. CNS aquaporin-4

autoimmunity in children. Neurology 2008;71:93–100.

3. Jeffery AR, Buncic JR. Pediatric Devic’s neuromyelitis optica.

J Pediatric Ophthalmol Strabismus 1996;33:223–229.

4. Lotze TE, Northrop JL, Hutton GJ, Ross B, Schiffman JS,

Hunter JV. Spectrum of pediatric neuromyelitis optica.

Pediatrics 2008;122:e1039–1047.

5. Banwell B, Tenembaum S, Lennon VA, et al. Neuromy-

elitis optica-IgG in childhood inflammatory demyelinating

CNS disorders. Neurology 2008;70:344–352.

6. Bencherif MZ, Karib H, Tachfouti S, Guedira K,

Mohcine Z. Devic’s neuromyelitis optica: a childhood case

and review of the literature [in French]. J Fr Ophtalmol

2000;23:488–490.

7. Wingerchuk DM, Hogancamp WF, O’Brien PC,

Weinshenker BG. The clinical course of neuromyelitis op-

tica (Devic’s syndrome). Neurology 1999;53:1107–1114.

8. Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF,

Weinshenker BG. Revised diagnostic criteria for neuromy-

elitis optica. Neurology 2006;66:1485–1489.

9. Wingerchuk DM, Banwell B, Bennett JL, et al. Interna-

tional consensus diagnostic criteria for neuromyelitis opti-

ca spectrum disorders. Neurology 2015;85:177–189.

10. Wingerchuk DM. Neuromyelitis optica spectrum disor-

ders. Continuum 2010;16:105–121.

11. Wingerchuk DM, Lennon VA, Lucchinetti CF,

Pittock SJ, Weinshenker BG. The spectrum of neuromy-

elitis optica. Lancet Neurol 2007;6:805–815.

12. Casper TC, Rose JW, Roalstad S, et al. The US Network

of Pediatric Multiple Sclerosis Centers: development, pro-

gress, and next steps. J Child Neurol 2015;10:1381–1387.

Neurology 86 January 19, 2016 251

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/lookup/doi/10.1212/WNL.0000000000002283


13. Polman CH, Reingold SC, Edan G, et al. Diagnostic

criteria for multiple sclerosis: 2005 revisions to the

“McDonald criteria”. Ann Neurol 2005;58:840–846.

14. Krupp LB, Tardieu M, Amato MP, et al. International

Pediatric Multiple Sclerosis Study Group criteria for pedi-

atric multiple sclerosis and immune-mediated central ner-

vous system demyelinating disorders: revisions to the 2007

definitions. Mult Scler 2013;19:1261–1267.

15. Popescu BF, Lennon VA, Parisi JE, et al. Neuromyelitis

optica unique area postrema lesions: nausea, vomiting, and

pathogenic implications. Neurology 2011;76:1229–1237.

16. Pohl D, Hennemuth I, von Kries R, Hanefeld F. Paediat-

ric multiple sclerosis and acute disseminated encephalomy-

elitis in Germany: results of a nationwide survey. Eur J

Pediatr 2007;166:405–412.

17. Chitnis T. Role of puberty in multiple sclerosis risk and

course. Clin Immunol 2013;149:192–200.

18. Waters P, Jarius S, Littleton E, et al. Aquaporin-4 anti-

bodies in neuromyelitis optica and longitudinally extensive

transverse myelitis. Arch Neurol 2008;65:913–919.

19. Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS,

Hinson SR. IgG marker of optic-spinal multiple sclerosis

binds to the aquaporin-4 water channel. J Exp Med 2005;

202:473–477.

20. Fragoso YD, Ferreira ML, Oliveira EM, et al. Neuromy-

elitis optica with onset in childhood and adolescence.

Pediatr Neurol 2014;50:66–68.

21. Absoud M, Lim MJ, Appleton R, et al. Paediatric neuro-

myelitis optica: clinical, MRI of the brain and prognostic

features. J Neurol Neurosurg Psychiatry 2015;86:

470–472.

22. Kitley J, Leite MI, Nakashima I, et al. Prognostic factors

and disease course in aquaporin-4 antibody-positive pa-

tients with neuromyelitis optica spectrum disorder from

the United Kingdom and Japan. Brain 2012;135:

1834–1849.

23. Collongues N, Marignier R, Zephir H, et al. Long-term

follow-up of neuromyelitis optica with a pediatric onset.

Neurology 2010;75:1084–1088.

24. Huppke P, Rostasy K, Karenfort M, et al. Acute dissem-

inated encephalomyelitis followed by recurrent or mono-

phasic optic neuritis in pediatric patients. Mult Scler 2013;

19:941–946.

25. Rostasy K, Mader S, Schanda K, et al. Anti-myelin oligo-

dendrocyte glycoprotein antibodies in pediatric patients

with optic neuritis. Arch Neurol 2012;69:752–756.

26. Kitley J, Waters P, Woodhall M, et al. Neuromyelitis

optica spectrum disorders with aquaporin-4 and myelin-

oligodendrocyte glycoprotein antibodies: a comparative

study. JAMA Neurol 2014;71:276–283.

27. Sato DK, Callegaro D, Lana-Peixoto MA, et al. Distinc-

tion between MOG antibody-positive and AQP4

antibody-positive NMO spectrum disorders. Neurology

2014;82:474–481.

28. Rostasy K, Mader S, Hennes EM, et al. Persisting myelin

oligodendrocyte glycoprotein antibodies in aquaporin-4

antibody negative pediatric neuromyelitis optica. Mult

Scler 2013;19:1052–1059.

Visit the Neurology® Web Site at Neurology.org
• Enhanced navigation format

• Increased search capability

• Highlighted articles

• Detailed podcast descriptions

• RSS Feeds of current issue and podcasts

• Personal folders for articles and searches

• Mobile device download link

• AAN Web page links

• Links to Neurology Now®, Neurology Today®, and Continuum®

• Resident & Fellow subsite

Find Neurology® on Facebook: http://tinyurl.com/neurologyfan

Follow Neurology® on Twitter: https://twitter.com/GreenJournal

252 Neurology 86 January 19, 2016

ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



DOI 10.1212/WNL.0000000000002283
2016;86;245-252 Published Online before print December 18, 2015Neurology 

Tanuja Chitnis, Jayne Ness, Lauren Krupp, et al. 
Centers report

Clinical features of neuromyelitis optica in children: US Network of Pediatric MS

This information is current as of December 18, 2015

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2015 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 



Services
Updated Information &

 http://n.neurology.org/content/86/3/245.full
including high resolution figures, can be found at:

Supplementary Material

 283.DC1
http://n.neurology.org/content/suppl/2015/12/18/WNL.0000000000002
Supplementary material can be found at: 

References
 http://n.neurology.org/content/86/3/245.full#ref-list-1

This article cites 28 articles, 9 of which you can access for free at: 

Citations
 http://n.neurology.org/content/86/3/245.full##otherarticles

This article has been cited by 3 HighWire-hosted articles: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/natural_history_studies_prognosis
Natural history studies (prognosis)

 http://n.neurology.org/cgi/collection/multiple_sclerosis
Multiple sclerosis

 http://n.neurology.org/cgi/collection/devics_syndrome
Devic's syndrome

 http://n.neurology.org/cgi/collection/all_pediatric
All Pediatric

 elitis
http://n.neurology.org/cgi/collection/acute_disseminated_encephalomy
Acute disseminated encephalomyelitis
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X.
1951, it is now a weekly with 48 issues per year. Copyright © 2015 American Academy of Neurology. All 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/86/3/245.full
http://n.neurology.org/content/suppl/2015/12/18/WNL.0000000000002283.DC1
http://n.neurology.org/content/suppl/2015/12/18/WNL.0000000000002283.DC1
http://n.neurology.org/content/86/3/245.full#ref-list-1
http://n.neurology.org/content/86/3/245.full##otherarticles
http://n.neurology.org/cgi/collection/acute_disseminated_encephalomyelitis
http://n.neurology.org/cgi/collection/acute_disseminated_encephalomyelitis
http://n.neurology.org/cgi/collection/all_pediatric
http://n.neurology.org/cgi/collection/devics_syndrome
http://n.neurology.org/cgi/collection/multiple_sclerosis
http://n.neurology.org/cgi/collection/natural_history_studies_prognosis
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

