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Neuromyelitis optica spectrum disorder (NMOSD) is a rare and severe inflammatory disorder
of the central nervous system (CNS). It is strongly associated with anti-aquaporin 4 antibodies
(AQP4-1gG), and it mainly affects young women from non-white ethnicities. However, ~ 5 to
10% of all cases have onset during childhood. Children and adolescents share the same
clinical, radiologic, and laboratory presentation as adults. Thus, the same NMOSD diagnostic
criteria are also applied to pediatriconset patients, but data on NMOSD in this population is
still scarce. In seronegative pediatric patients, there is a high frequency of the antibody
against myelin oligodendrocyte glycoprotein (MOG-IgG) indicating another disease group,
but the clinical distinction between these two diseases may be challenging. Three drugs
(eculizumab, satralizumab, and inebilizumab) have been recently approved for the treatment
of adult patients with AQP4-lgG-positive NMOSD. Only satralizumab has recruited adoles-
cents in one of the two pivotal clinical trials. Additional clinical trials in pediatric NMOSD are
urgently required to evaluate the safety and efficacy of these drugs in this population.

O espectro da neuromielite 6ptica (ENMO) é uma rara e grave doenca inflamatoéria do
sistema nervoso central (SNC), fortemente associada ao anticorpo anti-aquaporina 4
(AQP4-1gG) e que afeta preferencialmente mulheres jovens de etnias ndo-caucasianas.
No entanto, aproximadamente de 5 a 10% de todos os casos se iniciam na infancia.
Criancas e adolescentes compartilham as mesmas caracteristicas clinicas, radiologicas
e laboratoriais dos adultos. Além disso, o mesmo critério diagnéstico de ENMO é
aplicado para pacientes com inicio na infancia. No entanto, dados da populacio
pediatrica sdo escassos. Em pacientes pediatricos soronegativos, existe uma alta
frequéncia de positividade ao anticorpo contra a glicoproteina na mielina do
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oligodendrdcito (MOG-IgG), indicando outra patologia; porém, a distingcao clinica entre
as duas doencas é desafiadora. Trés medicacGes (eculizumabe, inebilizumabe e
satralizumabe) foram recentemente aprovadas para pacientes adultos com AQP4-
IgG. Apenas um dos ensaios pivotais do satralizumabe recrutou adolescentes. Novos
ensaios clinicos em pacientes pediatricos com ENMO sao necessarios para avaliar a
seguranca e eficacia destas drogas nesta populagao.

INTRODUCTION

Neuromyelitis optica (NMO) is an autoimmune demyelinat-
ing inflammatory disease of the central nervous system
(CNS).! Described by Devic and Gault in 1894, NMO was
considered a variant of Multiple Sclerosis (MS) for many
years.’

In 2004, the discovery of the aquaporin 4 antibody (AQP4-
IgG) and the evidence of its pathogenicity changed the
pathophysiological understanding of the disease, definitively
differentiating it from MS.3 With the identification of a more
significant number of positive anti-AQP4 cases, it was also
possible to expand the spectrum of NMO including atypical
and incomplete forms of the disease, introducing the concept
of neuromyelitis optica spectrum disorders (NMOSD).> More
recently, studies showed that some AQP4-IgG seronegative
patients were positive for the antibody against myelin oligo-
dendrocyte glycoprotein (MOG-IgG). In 2015, the diagnostic
criteria for NMOSD were revised and stratified by the AQP4-
IgG positivity.1

Neuromyelitis optica spectrum disorder is a rare disease
distributed worldwide. It affects preferably adults and
females, with a gender ratio of up to 9:1.* Approximately 5
to 10% of NMOSD cases start before 18 years old.” Pediatric-
onset NMOSD patients have similar manifestations as adults,
and the new diagnostic criteria also apply to this age
group.”® Due to the low number and heterogeneity of
published studies, data on NMOSD in childhood and adoles-
cents are scarce, especially regarding treatment and clinical
outcome.®’

The present paper provides a comprehensive review of
pediatric NMOSD focusing on historical aspects, disease
pathophysiology, epidemiology, clinical and radiological
aspects, treatment recommendations, and, ultimately, a
summary of the published pediatric cohorts.

HISTORICAL ASPECTS

Although the expression “Acute Neuromyelitis” was first
used by Eugéne Devic in 1894 in a Medical Conference in
Lyon, several case reports on patients with acute myelitis and
optic neuritis (ON) have been reported before in the litera-
ture.® The French physician Antoine Portal was probably the
first to identify a case in 1804.° Devic described the case
series of 17 patients with acute ON and myelitis. In Novem-
ber of the same year, Fernand Gault published his doctoral
thesis with a detailed clinical-pathological analysis on the
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Devic patient’s case. (~Figure 1) The term “Devic Disease”
was suggested in 1907 by Peppo Acchioté and was used in
reference to Devic’s description of a monophasic disease
affecting the optic nerve and spinal cord.?

In the middle of the 20" century, > 300 cases of NMO had
been reported. A better understanding of the disorder per-
mitted the expansion of the disease manifestation beyond
Devic's description.'® It was recognized that ON could be
unilateral or bilateral and the occurrence of ON and acute
myelitis may have an interval from weeks to years.? Never-
theless, there was some limitation to differentiate NMO from
MS. In Asia, for example, the term Optic-spinal Multiple
Sclerosis was used to classify the patients with severe ON
or acute myelitis without brain or cerebellar involvement.'°

The revision of 71 patients from the Mayo Clinic allowed a
group of investigators to propose the first NMO diagnostic
criteria. Compared with MS, the NMO cases presented with a
more severe presentation, cerebral spinal fluid (CSF) cell
count > 50 cell/mm3, normal brain magnetic resonance im-
aging (MRI), and extensive spinal cord lesions involving more
than three vertebral segments.11

In 2004, the same group reported the presence of an IgG
antibody in the serum of NMO and Optic-spinal MS patients,
suggesting that they were actually the same disease. The high
specificity of the antibody also allowed the distinction from
MS.2 Subsequently, they reported that the antibody was
selective to the aquaporin-4 water channel located in the
endfeet of astrocytes.'?

Due to the high specificity of the antibody, the diagnostic
criteria were updated in 2006 to include AQP4-IgG testing.13
Moreover, there was an increased recognition of AQP4-IgG
patients with limited disease manifestations, including patients
with monophasic ON, acute myelitis, or patients with other
systemic disorders. Brain involvement has also been identified
in many NMOSD patients, mainly in regions expressing high-
levels of AQP4, such as periependymal regions.'->

At the same time, there were advances in the role of MOG-
IgG in inflammatory demyelinating CNS disorders. Different
from studies from the early 2000s, new studies found that
MOG-IgG was associated with a non-MS phenotype.'*'?
Interestingly, many MOG-IgG-positive patients had clinical
manifestations similar to AQP4-IgG NMOSD. This antibody
can be found in up to 30% of NMO patients who tested
negative to AQP4—IgG.16 However, the clinical and MRI find-
ings of MOG-associated disease (MOGAD) goes beyond the
NMOSD phenotype, expanding the new concept of
MOGAD."”
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Figure 1 Eugéne Devic (left) and his pupil Fernand Gault doctoral thesis (right) Adapted from Jarius et al., 2013.8

During the decade of 2010, studies concluded that MS
modifying therapies were ineffective in preventing NMO
attacks and could also harm patients’ clinical status. This
information is essential to guide the correct NMO diagnosis
and treatment.

In 2015, the International Panel for NMO Diagnosis (IPND)
updated the diagnostic criteria. The IPND recommended the
term NMOSD to unify all cases of NMO, Optical-spinal MS,
and Devic Disease. The new criteria stratified patients
according to the AQP4-IgG positivity, relying on six clinical
core features and MRI findings' (~Table 1).

For the last 3 years, the most remarkable advances for
NMOSD were the publication of positive results from four
different clinical trials evaluating the efficacy and safety of
three different drugs,'®-?" resulting in the approval of these
treatments by international agencies.?? At this time, only
satralizumab is licensed in Brazil.

Currently, NMOSD research focuses on identifying disease
biomarkers that could predict attacks, prognosis, and guide
the best therapeutic choices.?

AQUAPORIN-4 AND NMOSD
PATHOPHYSIOLOGY

Aquaporin-4 is the most abundant water channel of the CNS,
being expressed predominantly in the astrocyte endfeet of
the blood-brain barrier regulating water influx in synapses,
injuries, and the process of cellular migration.” It is also
expressed in other organs such as kidneys, skeletal muscles,
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and parietal cells, but pathological effects of AQP4-IgG in
these organs are not seen in most of the patients due to more
effective cellular protection mechanisms, such as CD59
expression inhibiting the complement complex
formation.>?*

In humans, there are 2 relevant aquaporin-4 isoforms that
can be differentiated if the transcription at the N-terminal
starts at the 1%t (M1) of 23" (M23) methionine.?? The
monomers M1 and M23 are composed of eight helical seg-
ments associated with the membrane, with a pore for selec-
tive passage of water by an osmotic gradient. The
organization of monomers into tetrameters and, in sequence,
into orthogonal arrangements seems to facilitate the cogni-
tion of aquaporin-4 by the AQP4-IgG.2>2%

The AQP4-IgG is an antibody from the G1 subclass, thus a
competent complement activator. It is mainly produced in
the periphery and enters the CNS through the blood-brain
barrier, the capillaries of the circumventricular organs, the
meninges, or the parenchymal blood vessels.”? Antibody
binding causes its internalization or reorganization and
aggregation, complement deposition in the foot of astro-
cytes, and inflammatory infiltrate rich in macrophages,
neutrophils, eosinophils, and T and B lymphocytes.>-2%:26
The astrocytic loss is the main histological finding, evidenced
by the loss of aquaporin-4 and the astrocytic marker glial
fibrillary acidic protein (GFAP).2® Depending on the severity
of the tissue injury and the stage of the disease, it can be
followed secondarily by the death of oligodendrocytes and

I'l(i‘l.lI'Ol’lS.22
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Table 1 Diagnostic criteria for Neuromyelitis optica spectrum disorders - International Panel for NMO diagnosis 2015

Positive AQP4-1gG

. At least one clinical syndrome
. Positive AQP4-IgG by the best assay

Exclusion of alternative diagnosis

Negative or unknown AQP4-1gG

1
2
3.
1

. At least two clinical syndromes

- at least one must be: Optic Neuritis, LETM or area postrema syndrome
- evidence of dissemination in space

- fulfill additional MRI criteria

Negative AQP4-1gG by the best assay or unavailable antibody testing
Exclusion of alternative diagnosis

Clinical syndromes

Optic neuritis

Acute myelitis

Area postrema syndrome
Brainstem syndrome
Diencephalic syndrome
Cerebral syndrome

Additional MRI criteria

2.

S|oUuhwWN=WN

Acute optic neuritis

- normal brain MRI or unspecific findings, or

- optic nerve MRI with T2-hyperintensive lesion or gadolinium enhancement
extending over > %5 optic nerve length or involving optic chiasm

Acute myelitis

-intramedullary lesion extending over > 3 contiguous segments (LETM), or

-spinal cord atrophy > 3 segments in a patient with history compatible with
acute myelitis

3. Area postrema syndrome: dorsal medula/area postrema lesions
4. Acute brainstem syndrome: periependymal brainstem lesions

Abbreviations: AQP4-IgG, aquaporin 4 antibody; LETM, longitudinally extensive transverse myelitis; MRI, magnetic resonance imaging.

Animal and cellular studies have shown the AQP4-IgG
pathogenicity. The intrathecal injection of serum containing
AQP4-IgG and human complement in rodents resulted in
NMO-like lesions with reduction of aquaporin-4, astrocytic
loss, complement deposition, inflammatory infiltrate, demy-
elination, and necrosis.?’

Clinical studies suggested AQP4-IgG pathogenicity
through different ways: high CSF AQP4-IgG titers and acti-
vated complement compounds during disease activity, high
efficacy of treatments whose mechanisms of action reduced
B cells and antibody levels, and the predilection of lesions in
areas with high AQP4 expression.>?? Furthermore, other
studies have indicated that antibody positivity in patients
with ON or extensive myelitis was associated with recurrent
NMOSD attacks.?8-2°

EPIDEMIOLOGY

The prevalence and incidence of NMOSD varies depending on
the studied population and geographic area but are higher in
black and Asian populations compared with Caucasians.*>°

The Afro-Caribbean region has the highest annual incidence
and prevalence globally of 0.73/100,000 and 10/100,000 peo-
ple, respectively. On the other hand, Australia and New Zealand
regions have the lowest incidence (0.037/100,000 people) and
prevalence (0.7/100,000).3" In the few epidemiological studies
including pediatric patients, the annual incidence varied from
0.031t0 0.06/100,000 children and the prevalence varied from
0.06 to 0.22/100,000 children.?’

Neuromyelitis optica spectrum disorder is more common
in the female sex, with a ratio varying from 3:1 to 9:1. The

female prevalence is especially significant in patients sero-
positive to AQP4-IgG. In contrast, this ratio decreases to near
1:1 in patients with NMOSD and MOG-IgG.3?

The mean age of disease onset in AQP4-IgG positive
patients is ~ 40 years old.3? There is a tendency for earlier
onset in patients with non-white ethnicity.>*> Conversely,
MOGAD is more prevalent in children.'”3* Few studies
reported the association of NMOSD with different alleles of
the human leukocyte antigen (HLA) system, including HLA
DRB1*03:01, DRB1*04:05, and DRB1*16:02.3>:36

The most important known risk factor for NMOSD is the
female sex. Studies evaluating environmental factors such as
vitamin D levels, dietary intake, and sleep patterns were
inconclusive.?237-38 Several authors reported temporal as-
sociation of the inaugural attack with different infections
and, less commonly, vaccinations.3*4° To date, there is no
evidence of a clear association of NMOSD attacks with
specific infections.

CLINICAL, RADIOLOGIC AND LABORATORY
ASPECTS

Attacks of ON and acute myelitis are frequently found in
NMOSD. Other clinical syndromes were recognized as typical
for NMOSD after the IPND-2015 diagnostic criteria: area
postrema syndrome, brainstem syndrome, diencephalic syn-
drome, and cerebral syndrome.">* The diagnosis is based on
a characteristic clinical presentation supported by MRI
findings.’

~Figure 2 depicts typical neuroimaging findings in pedi-
atric-onset NMOSD patients.

Arquivos de Neuro-Psiquiatria  Vol. 81 No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.
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Figure 2 Typical Neuroimaging findings in pediatric AQP4-IgG positive neuromyelitis optica Spectrum Disorder. (A) Unilateral optic neuritis; (B)
Bilateral optic neuritis with optic chiasm involvement; (C) Longitudinally extensive transverse myelitis; (D) Longitudinally extensive
atrophy; (E) Bright Spotty lesion; (F) and (G) Area postrema involvement; (H) Diencephalic lesion; (1) Corpus callosum lesion.

For patients with positive AQP4-IgG, the ON typically
presents with a severe acute or subacute unilateral or bilateral
visual loss preceded by eye pain. The neurological examination
may reveal low visual acuity, generally severe, color vision
deficit, noncentral scotoma, and altitudinal defect.>? The brain
and orbital MRI may demonstrate T2 or FLAIR lesions or new
lesions with gadolinium enhancement, generally extensive,
involving more than half of the optic nerve, with a posterior
predominance, frequently affecting the optic chiasm.*' Optic
neuritis associated with MOG-IgG resembles the AQP4-IgG
presentation, but the bilateral and anterior involvement spar-
ing the optic chiasma is more common.??

Myelitis in NMOSD is generally longitudinally extensive
transverse myelitis (LETM), involving more than three con-
tiguous vertebral segments. Patients usually present with
severe motor and sensory deficits, pain, and bladder symp-
toms.?? In the acute phase, spinal cord MRI discloses an
extensive, central, edematous lesion in T2/FLAIR, eventually
with gadolinium enhancement. The upper cervical lesions
may also extend to the medulla, promoting persistent hic-
cups, nausea and/or vomiting. Extensive atrophy can be
found in chronic lesions.*> Compared with patients with
AQP4-IgG, myelitis in MOG-IgG patients presents with some
similarities, but caudal segments of the spinal cord seem to
be more frequently involved.

Area postrema syndrome occurs in up to 10 to15% of
NMOSD patients positive for AQP4-IgG. Its clinical presenta-
tion is characterized by nausea, vomiting, and hiccups per-
sisting for more than 72 hours (median of 14 days) and can
result in weight loss.*> Brain MRI may be normal or discloses
lesions in the dorsal region of the medulla, especially the area
postrema. Commonly, the lesion is bilateral and contiguous
with the upper cervical lesion.’

Brainstem syndrome can manifest clinically by ocular
movement disorders, pruritus, hearing loss, facial palsy,
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trigeminal neuralgia, ataxia, and respiratory failure.? Brain
MRI reveals periependymal lesions in the brainstem and
cerebellum at T2/FLAIR.

Diencephalic syndrome is less frequent. Patients present
with hypersomnia, narcolepsy, hypo or hyperthermia, syn-
drome of inappropriate antidiuretic hormone secretion,
anorexia, obesity, anhidrosis, decreased level of conscious-
ness.** Radiologic criteria include evidence of lesions involv-
ing the hypothalamus, thalamus or peripendymal region of
the third ventricle.!

Diffuse brain involvement is associated with encephalop-
athy, seizures, focal deficits, and hydrocephalus. The cerebral
syndrome is less frequent in adults than in children and is
more common in MOGAD than NMOSD associated with
AQP4-IgG. Brain MRI discloses large edematous lesions
involving the corpus callosum, the corticospinal tract, or
periependymal regions.’

For diagnosing NMOSD, it is crucial to exclude alternative
diagnoses such as other demyelinating disorders, systemic
inflammatory diseases, and active infections."

Brain, orbital, and spinal cord neuroimaging have an
essential role in differentiating NMOSD from other disorders.
Compared with NMOSD, MS patients have perpendicular
lesions to the surface of the lateral ventricles, juxtacortical
lesions involving the U or cortical fibers, and peripheral and
short spinal cord lesions.”**! More recently, a hyperintense
lesion on spinal MRI (bright spotty lesion) was recognized as
a characteristic of AQP4-IgG NMOSD.*

Besides neuroimaging, laboratory tests and CSF analysis
can help in the NMOSD diagnosis. Lumbar puncture at the
acute phase generally reveals slight to moderate cell count
with a predominance of neutrophils and eosinophils, along
with moderately elevated protein levels. Up to 25% of
patients may test positive for oligoclonal bands (OCB), al-
though this finding favors an MS diagnosis.’

Vol. 81 No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.
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The coexistence of systemic autoimmune disorders is
common in NMOSD patients, mainly systemic lupus eryth-
ematosus, Sjogren syndrome, and myasthenia gravis.' Posi-
tivity to serum unspecific autoimmune antibodies can be
found in 38 to 45% of patients with NMOSD irrespective of
AQP4-1gG positivity.? It is not clear if autoimmune coexis-
tence implies patient’s diagnosis or prognosis, but some
treatments may help the management of both diseases.*®

According to the IPND-2015 diagnostic criteria, AQP4-1gG
should be tested in the serum of patients presenting with
clinical features typical for NMOSD, such as extensive myeli-
tis, recurrent myelitis, area postrema syndrome, or severe
ON."-2228 There is no recommendation for testing AQP4-1gG
in CSF on a clinical basis.

Assays for AQP4-IgG testing must have a high sensibility
and specificity.?8 The first studies on NMOSD tested AQP4-
IgG through tissue assays (immunofluorescence or ELISA),
demonstrating 60% sensibility. Cell-based assays (CBAs)
increased sensibility to 80% and specificity to almost
100%.2% This assay uses human aquaporin-4 protein as
an antigen, using M1 or M23 isoforms. Aquaporin-4 is
transfected into live cells in research laboratories in large
centers, but commercial kits also use prefixed transfected
cells. Two reading techniques are routinely performed
with similar specificities (immunofluorescence or flow
cytometry).22

The IPND-2015 recommends testing AQP4-IgG by CBA
and repeating the exam if the result is negative in highly
suspected patients.1 Antibody testing is essential for
NMOSD diagnosis, but there is no evidence of serial anti-
body testing yielding any practical advantage at the clinical
follow-up.*’

Cell-based assay is also the recommended method for
MOG-IgG testing. Patients who share NMOSD phenotype
should be tested for MOG-IgG if AQP4-IgG is negative. Double
seroprevalence of AQP4-IgG and MOG-IgG is extremely
rare.'’” Patients presenting with monophasic or recurrent
ON, myelitis, brainstem syndrome, or encephalitic features,
especially children, should also be tested for MOG-IgG.>

Following all the clinic, radiologic, and laboratory workup,
the NMOSD diagnosis can be established as shown
in =Table 1. A typical clinical syndrome is needed if the
patient tests positive for AQP4-IgG. If the test is negative,
there is a need for more than one typical clinical syndrome,
one of them being ON, extensive myelitis, or area postrema
syndrome to fulfill the radiologic criteria.’

Most patients present a second attack within 3 years of
the inaugural symptom, and ~ 80 to 90% of all patients have
a recurrent disease course.! Risks factors for recurrence are
AQP4-1gG positivity, black ethnicity, age at onset.*® Neuro-
myelitis optica spectrum disorder with positive AQP4-IgG is
considered a more aggressive disease with a high potential
for sequelae. Compared with patients diagnosed with MS or
MOGAD, patients with AQP4-IgG NMOSD present with
more severe attacks, lower recovery from attacks, and
higher EDSS.2? The disease is also responsible for a high
impact on quality of life, chronic pain, and economic
burden.*®
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TREATMENT CONSIDERATIONS

Acute phase treatment

Although a few studies focused on evaluating acute therapies
in NMOSD attacks, early and aggressive treatment is recom-
mended to reduce the risk of permanent disability.*® The
same treatment is recommended for children and adults
experiencing an NMOSD attack, and the doses are specified
below. Historically, the first-line therapy is high doses of
intravenous methylprednisolone for 3 to 5 days (20 tp 30-
mg/kg/day, maximum 1 g/day) followed by oral steroids
tapering for 1-6 months. Second-line therapy, mainly plas-
ma exchange (PLEX) for 5-7 cycles, is used for patients
without good response to steroids. Recently, studies in adults
demonstrated a better outcome when PLEX is prescribed
within 5 days of symptoms onset.?? A retrospective analysis
of children with different acquired demyelinating disorders,
including NMOSD, proved PLEX is an effective and safe
therapy. Although no therapeutic window was identified
in this study, the authors recommend PLEX treatment to
achieve functional improvement.*® Eventually, intravenous
immunoglobulin (IVIG) is also a possible therapy for patients
without recovery with the aforementioned treatments, es-
pecially after PLEX. The recommended dose is 1 to 2 g/kg
prescribed in 2 to 5 days.*?2

Chronic phase treatment

All NMOSD patients with confirmed diagnosis should start
long-term immunosuppression due to the high risk of recur-
rence and attack-related sequelae,2 but more studies are
needed to determine the duration of the therapies.”? How-
ever, differential diagnosis with MS is required as disease-
modifying therapies for MS, such as interferons, fingolimod,
and alemtuzumab, can worsen NMOSD outcomes and should
not be prescribed for NMOSD patients.’

Oral immunosuppressants (azathioprine and mycophe-
nolate mofetil) and especially the intravenous anti-CD20
medication (rituximab) are effective to prevent clinical
attacks in adult and pediatric patients with NMOSD,%-52
as shown in =Table 2.

=Table 2 summarizes the most commonly prescribed
drugs to prevent NMOSD attacks in pediatric patients.

Recently, international agencies approved three drugs for
AQP4-IgG-positive NMOSD evaluated by four clinical trials.
The first approved drug, eculizumab, is a C5 inhibitor re-
sponsible for a risk reduction of 94.2% of attacks.'® The
efficacy of satralizumab, an interleukin 6 receptor blocker,
was evaluated by 2 clinical trials providing a risk reduction of
attacks of 55 and 62% if prescribed on monotherapy or in
addition to oral immunosuppressants, respectively.'>?% The
study of inebilizumab, an anti-CD19, demonstrated a risk
reduction of attacks of 79%.%" If drug availability is not an
issue, there is a recommendation to prescribe these medi-
cations as first-line immunosuppression for adults.??

Other medications less commonly used are methotrexate,
tocilizumab, and chronic oral steroids. All these treatments
were evaluated in studies suggesting some reduction of
NMOSD attacks.

Vol. 81 No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.
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Medications

Dose

Adverse effects

Precautions

Azathioprine

2-3mg/kg/day, oral
Once a day

Myelotoxicity and
hepatotoxicity

-Check vaccinations and infection risks
(including tuberculosis) before initiation.
Avoid live vaccines.

-Laboratory control to check myelotoxicity
and hepatotoxicity monthly for 3 months
and then every 3-6 months.

-Tapper oral steroids after 3-6 months.
-Contraception.

Mycophenolate
mofetil

10-12,5mg/kg/day, oral
(750-3,000mg/day)
Twice a day

Myelotoxicity

-Check vaccinations and infection risks
(including tuberculosis) before initiation.
Avoid live vaccines.

-Laboratory control to check myelotoxicity
and hepatotoxicity monthly for 3 months
and then every 3-6 months.

-Tapper oral steroids after 3 months.
-Contraception.

Rituximab

If child < 40kg or < 12 years
old:
-First infusion: 375mg/m2/

Infusion allergies
Hypoimmunoglobulinemia
Hepatitis B reactivation

-Check vaccinations (specially hepatitis B
vaccine) and infection risks (including
tuberculosis) before initiation. Avoid live

dose, 4 doses, weekly
-Subsequent infusions:
375mg/m2/dose, 2 doses,
biweekly

If child > 40kg or > 12 years-
old:

-First infusion: 1 g/dose, 2
doses, weekly
-Subsequent infusions: 1
g/dose

Repeat every 6 months or
according to B cell
repopulation evidence

vaccines.

-Pretreatment prior to infusion with
antihistamines, antipyretics and
corticosteroids

-CD19 control at 2,4,and 6 months.
-Laboratory control with cell blood count,
IgG, IgM, and IgA every 3 months.
-Contraception.

A few studies evaluated symptomatic treatments for
NMOSD, especially in the pediatric population. Treatment
for chronic pain and tonic spasms consists of anticonvul-
sants, antidepressants, and analgesic drugs. Muscle relaxants
are used to treat spasticity and anticholinergics to treat
neurogenic bladder.?%>3

Pediatric NMOSD

In 1927, there was the first report of NMOSD in patients < 18
years old. It is possible that many cases described earlier
were misdiagnosed as other demyelinating disorders, espe-
cially Ms.>*

The International Pediatric Multiple Sclerosis Study Group
(IPMSSG) published the pediatric diagnostic criteria for MS and
related disorders in 2007 and revised them in 2013.>> The
IPMSSG-2013 criteria have similar information to the adult
NMO criteria published in 2006. Although the criteria have
not been updated since then, the group published in 2016 a
statement through a series of papers, considering that the IPND-
2015 diagnostic criteria should be applied for the pediatric
population.” An American multicenter study in 2016 proved
that the new criteria increased the sensibility of NMOSD
diagnosis in children and adolescents.”®

More recently, studies comparing pediatric and adult
patients demonstrated no difference in disease manifestation

Arquivos de Neuro-Psiquiatria

regarding clinical, radiologic, and laboratory features.®” None-
theless, the 2015 Panel highlights some caveats for the pediat-
ric population. Longitudinally extensive transverse myelitis is
less specificin children than in adults since it can be a feature of
acute disseminated encephalomyelitis (ADEM) and pediatric
MS. The cerebral syndrome is more frequent in pediatric
patients than in adults." The frequency of MOG-IgG in the
pediatric population is higher than in adults.!”

Although there was an increase in the publications of
pediatric-onset NMOSD, the recognition of the disorder is
epidemiologically limited by the low incidence and preva-
lence.” Studies are generally retrospective, using different
inclusion criteria, with high heterogeneity in antibodies
assays, and they are scarce in countries with higher disease
prevalence,6 as described in =Table 3.

=Table 3 summarizes the main studies of NMOSD in the
pediatric population involving at least 5 patients.>2->6-78

In conclusion, pediatric NMOSD is a rare but important
differential diagnosis in inflammatory CNS disease with
onset during childhood. Aquaporin 4 antibody is critical for
a definitive and precise diagnosis of NMOSD, while seroneg-
ative patients should be evaluated for MOG-IgG due to the
high frequency of this antibody in pediatric cases. New
treatments for NMOSD have been approved in the last few
years, but only satralizumab included adolescents (not
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children) in the pivotal trials. Therefore, future studies with
pediatric NMOSD are urgently required to provide safe and
efficacious treatments for this group of patients.

Authors’ Contritbutions

RBP: conceptualization, methodology, visualization, writ-
ing - original draft, review, and editing; JAP, SLAP, CMR,
DC: review and editing; DKS: conceptualization, method-
ology, validation, review, and editing.

Conflict of Interest

The authors declare that there are no conflicts of interest
related to this study. RBP: reports grants from Roche and
Merck and speaker honoraria from Novartis, outside the
submitted work; JAP: nothing to disclose; SLAP: reports
grants, preceptorships and research support from Gen-
zyme, Roche, Novartis, Merck-Serono, and Biogen, outside
the submitted work; CMR: reports speaker honoraria
from Roche and the Brazilian Committee for Treatment
and Research of Multiple Sclerosis, outside the submitted
work; DC: reports grants, preceptorships, and research
support from Genzyme, Roche, Novartis, Merck-Serono,
Teva and Biogen, outside the submitted work; DKS:
reports grants from Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnoldgico (CNPq) - Brazil (425331/
2016-4), grants from Fundacdo e Amparo a Pesquisa do
Estado do Rio Grande do Sul (FAPERGS) - Brazil, grants
and personal fees from TEVA and Merck, personal fees
from Biogen, Roche, and Viela Bio, outside the submitted
work.

References

—_

N

w

N

(6]

[e)]

~

8

9

Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis
T, et al; International Panel for NMO Diagnosis. International
consensus diagnostic criteria for neuromyelitis optica spectrum
disorders. Neurology 2015;85(02):177-189

Pittock SJ, Lucchinetti CF. Neuromyelitis optica and the evolving
spectrum of autoimmune aquaporin-4 channelopathies: a decade
later. Ann N Y Acad Sci 2016;1366(01):20-39

Wingerchuk DM, Lennon VA, Lucchinetti CF, Pittock SJ, Wein-
shenker BG. The spectrum of neuromyelitis optica. Lancet Neurol
2007;6(09):805-815

Weinshenker BG, Wingerchuk DM. Neuromyelitis Spectrum Dis-
orders. Mayo Clin Proc 2017;92(04):663-679

Tenembaum S, Chitnis T, Nakashima I, Collongues N, McKeon A,
Levy M, et al. Neuromyelitis optica spectrum disorders in
children and adolescents. Neurology 2016;87(9, Suppl 2)S59-
S66

Gombolay GY, Chitnis T. Pediatric Neuromyelitis Optica Spectrum
Disorders. Curr Treat Options Neurol 2018;20(06):19
Tenembaum S, Yeh EAGuthy-Jackson Foundation International
Clinical Consortium (GJCF-ICC) Pediatric NMOSD: A Review and
Position Statement on Approach to Work-Up and Diagnosis. Front
Pediatr 2020;8:339

Jarius S, Wildemann B. The history of neuromyelitis optica. ]
Neuroinflammation 2013;10:8

Jarius S, Wildemann B. The case of the Marquis de Causan (1804):
an early account of visual loss associated with spinal cord
inflammation. ] Neurol 2012;259(07):1354-1357

Lana-Peixoto MA. Devic’s neuromyelitis optica: a critical review.
Arq Neuropsiquiatr 2008;66(01):120-138

Vol. 81 No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

209



210

NMOSD: a review with a focus in childhood

1

20

21

Wingerchuk DM, Hogancamp WF, O’'Brien PC, Weinshenker BG.
The clinical course of neuromyelitis optica (Devic’s syndrome).
Neurology 1999;53(05):1107-1114

Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hinson SR. IgG
marker of optic-spinal multiple sclerosis binds to the aquaporin-4
water channel. ] Exp Med 2005;202(04):473-477

Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti CF, Wein-
shenker BG. Revised diagnostic criteria for neuromyelitis optica.
Neurology 2006;66(10):1485-1489

Hacohen Y, Absoud M, Woodhall M, Cummins C, De Goede CG,
Hemingway C, et al; UK & Ireland Childhood CNS Inflammatory
Demyelination Working Group. Autoantibody biomarkers in
childhood-acquired demyelinating syndromes: results from a
national surveillance cohort. ] Neurol Neurosurg Psychiatry
2014;85(04):456-461

Rostasy K, Reindl M. Role of autoantibodies in acquired inflam-
matory demyelinating diseases of the central nervous system in
children. Neuropediatrics 2013;44(06):297-301

Sato DK, Callegaro D, Lana-Peixoto MA, Waters PJ, Jorge FMH,
Takahashi T, et al. Distinction between MOG antibody-positive
and AQP4 antibody-positive NMO spectrum disorders. Neurology
2014;82(06):474-481

Marignier R, Hacohen Y, Cobo-Calvo A, Probstel A-K, Aktas O,
Alexopoulos H, et al. Myelin-oligodendrocyte glycoprotein anti-
body-associated disease. Lancet Neurol 2021;20(09):762-772
Pittock SJ, Berthele A, Fujihara K, Kim HJ, Levy M, Palace |, et al.
Eculizumab in Aquaporin-4-Positive Neuromyelitis Optica Spec-
trum Disorder. N Engl ] Med 2019;381(07):614-625

Yamamura T, Kleiter I, Fujihara K, Palace ], Grennberg B, Zakr-
zewska-Pnieska B, et al. Trial of Satralizumab in Neuromyelitis
Optica Spectrum Disorder. N Engl ] Med 2019;381(22):
2114-2124

Traboulsee A, Greenberg BM, Bennett JL, Szczechowki L, Fox E,
Shkrobot S, et al. Safety and efficacy of satralizumab monotherapy
in neuromyelitis optica spectrum disorder: a randomised, dou-
ble-blind, multicentre, placebo-controlled phase 3 trial. Lancet
Neurol 2020;19(05):402-412

Cree BAC, Bennett JL, Kim HJ, Weinshenker BG, Pittock SJ, Wing-
erchuck DM, et al; N-MOmentum study investigators. Inebilizu-
mab for the treatment of neuromyelitis optica spectrum disorder
(N-MOmentum): a double-blind, randomised placebo-controlled
phase 2/3 trial. Lancet 2019;394(10206):1352-1363

22 Jarius S, Paul F, Weinshenker BG, Levy M, Kim HJ, Wildemann B.

23

24

25

26

27

28

29

Arquivos de Neuro-Psiquiatria

Neuromyelitis optica. Nat Rev Dis Primers 2020;6(01):85
Fujihara K, Cook LJ. Neuromyelitis optica spectrum disorders and
myelin oligodendrocyte glycoprotein antibody-associated dis-
ease: current topics. Curr Opin Neurol 2020;33(03):300-308
Zhang H, Verkman AS. Longitudinally extensive NMO spinal cord
pathology produced by passive transfer of NMO-IgG in mice
lacking complement inhibitor CD59. ] Autoimmun 2014;
53:67-77

Furman CS, Gorelick-Feldman DA, Davidson KG, Yasumura T,
Neely JD, Agre P, et al. Aquaporin-4 square array assembly:
opposing actions of M1 and M23 isoforms. Proc Natl Acad Sci U
S A 2003;100(23):13609-13614

Papadopoulos MC, Verkman AS. Aquaporin 4 and neuromyelitis
optica. Lancet Neurol 2012;11(06):535-544

Saadoun S, Waters P, Bell BA, Vincent A, Verkman AS, Papado-
poulos MC. Intra-cerebral injection of neuromyelitis optica im-
munoglobulin G and human complement produces neuromyelitis
optica lesions in mice. Brain 2010;133(Pt 2):349-361

Waters PJ, Pittock SJ, Bennett JL, Jarius S, Weinshenker BG, Wing-
erchuk DM. Evaluation of aquaporin-4 antibody assays. Clin Exp
Neuroimmunol 2014;5(03):290-303

Weinshenker BG, Wingerchuk DM, Vukusic S, Linbo L, Pittock SJ,
Lucchinetti CF, et al. Neuromyelitis optica IgG predicts relapse
after longitudinally extensive transverse myelitis. Ann Neurol
2006;59(03):566-569

Vol. 81

Paolilo et al.

30

31

32

33

34

35

36

37

38

39

40

41

42

43

a4

45

46

47

Mori M, Kuwabara S, Paul F. Worldwide prevalence of neuro-
myelitis optica spectrum disorders. ] Neurol Neurosurg Psychia-
try 2018;89(06):555-556

Papp V, Magyari M, Aktas O, Berger T, Broadley SA, Cabre P, et al.
Worldwide Incidence and Prevalence of Neuromyelitis Optica: A
Systematic Review. Neurology 2021;96(02):59-77

Hor JY, Asgari N, Nakashima I, Broadley SA, Leite MI, Kissani N,
et al. Epidemiology of Neuromyelitis Optica Spectrum Disorder
and Its Prevalence and Incidence Worldwide. Front Neurol 2020;
11:501

Kim SH, Mealy MA, Levy M, Schmidt F, Ruprecht K, Paul F, et al.
Racial differences in neuromyelitis optica spectrum disorder.
Neurology 2018;91(22):e2089-e2099

Fadda G, Armangue T, Hacohen Y, Chitnis T, Banwell B. Paediatric
multiple sclerosis and antibody-associated demyelination: clini-
cal, imaging, and biological considerations for diagnosis and care.
Lancet Neurol 2021;20(02):136-149

Alvarenga MP, Fernandez O, Leyva L, Campanella L, Vasconcelos
CF, Alvarenga M, et al. The HLA DRB1*03:01 allele is associated
with NMO regardless of the NMO-IgG status in Brazilian patients
from Rio de Janeiro. ] Neuroimmunol 2017;310:1-7

Kay CSK, Scola RH, Arndt RC, Lorenzoni P], Werneck LC. HLA-
alleles class I and II associated with genetic susceptibility to
neuromyelitis optica in Brazilian patients. Arq Neuropsiquiatr
2019;77(04):239-247

Paz ES, Maciel PMCT, D'Almeida JAC, Silva BYC, Sampaio HAC,
Pinheiro ADV, et al. Excess weight, central adiposity and pro-
inflammatory diet consumption in patients with neuromyelitis
optica spectrum disorder. Mult Scler Relat Disord 2021;54(54):
103110

Haji Molla Rabi S, Shahmirzaei S, Sahraian MA, Mozdabadi RSK,
Aliabadi HR, Gheini MR, et al. Sleep disorders as a possible
predisposing attack factor in neuromyelitis optica spectrum
disorder (NMOSD): A case-control study. Clin Neurol Neurosurg
2021;204:106606

Mealy MA, Cook Lj, Pache F, Velez DL, Borisow N, Becker D, et al.
Vaccines and the association with relapses in patients with
neuromyelitis optica spectrum disorder. Mult Scler Relat Disord
2018;23:78-82

Zhong X, Zhou Y, Lu T, Wang Z, Fang L, Peng L, et al. Infections in
neuromyelitis optica spectrum disorder. ] Clin Neurosci 2018;
47:14-19

Kim H]J, Paul F, Lana-Peixoto MA, Tenembaum S, Asgari N, Palace ],
et al; Guthy-Jackson Charitable Foundation NMO International
Clinical Consortium & Biorepository. MRI characteristics of neu-
romyelitis optica spectrum disorder: an international update.
Neurology 2015;84(11):1165-1173

Ciccarelli O, Cohen JA, Reingold SC, Weinshenker BGInternational
Conference on Spinal Cord Involvement and Imaging in Multiple
Sclerosis and Neuromyelitis Optica Spectrum Disorders. Spinal
cord involvement in multiple sclerosis and neuromyelitis optica
spectrum disorders. Lancet Neurol 2019;18(02):185-197
Shosha E, Dubey D, Palace ], Nakshima I, Jacob A, Fujihara K, et al.
Area postrema syndrome: Frequency, criteria, and severity in
AQP4-1gG-positive NMOSD. Neurology 2018;91(17):e1642-e1651
lorio R, Papi C. Neuromyelitis optica, aquaporin-4 antibodies, and
neuroendocrine disorders. Handb Clin Neurol 2021;181:173-186
Salama S, Levy M. Bright spotty lesions as an imaging marker for
neuromyelitis optica spectrum disorder. Mult Scler 2022;28(11):
1663-1666

Shahmohammadi S, Doosti R, Shahmohammadi A, Mohamma-
dianinejad SE, Sahraian MA, Azimi AR, et al. Autoimmune diseases
associated with Neuromyelitis Optica Spectrum Disorders: A
literature review. Mult Scler Relat Disord 2019;27:350-363
Akaishi T, Takahashi T, Nakashima I, Abe M, Ishii T, Aoki M, et al.
Repeated follow-up of AQP4-IgG titer by cell-based assay in
neuromyelitis optica spectrum disorders (NMOSD). ] Neurol Sci
2020;410:116671

No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.



48

49

50

51

52

53

54

55

56

57

58

59

60

61

NMOSD: a review with a focus in childhood

Holroyd KB, Manzano GS, Levy M. Update on neuromyelitis optica
spectrum disorder. Curr Opin Ophthalmol 2020;31(06):462-468
Savransky A, Rubstein A, Rios MH, Vergel SL, Velasquez MC, Sierra
SP, et al. Prognostic indicators of improvement with therapeutic
plasma exchange in pediatric demyelination. Neurology 2019;93
(22):2065-€2073

Mealy MA, Wingerchuk DM, Palace ], Greenberg BM, Levy M.
Comparison of relapse and treatment failure rates among patients
with neuromyelitis optica: multicenter study of treatment effi-
cacy. JAMA Neurol 2014;71(03):324-330

Damato V, Evoli A, lorio R. Efficacy and Safety of Rituximab
Therapy in Neuromyelitis Optica Spectrum Disorders: A System-
atic Review and Meta-analysis. JAMA Neurol 2016;73(11):
1342-1348

Paolilo RB, Hacohen Y, Yazbeck E, Armangue T, Bruijstens A,
Lechner C, et al. Treatment and outcome of aquaporin-4 anti-
body-positive NMOSD: A multinational pediatric study. Neurol
Neuroimmunol Neuroinflamm 2020;7(05):e837

Abboud H, Salazar-Camelo A, George N, Planchon SM, Matiello M,
Mealy MA, Goodman AOn-behalf of the Guthy-Jackson Founda-
tion NMO International Clinical Consortium. Symptomatic and
restorative therapies in neuromyelitis optica spectrum disorders.
] Neurol. 2022 Apr;269(4):1786-1801. doi: 10.1007/s00415-
021-10783-4. Epub 2021 Sep 5. PMID: 34482456; PMCID:
PM(C8940781

Tillema JM, McKeon A. The spectrum of neuromyelitis optica
(NMO) in childhood. J Child Neurol 2012;27(11):1437-1447
Krupp LB, Tardieu M, Amato MP, Banwell B, Chitnis T, Dale RC, et
al;International Pediatric Multiple Sclerosis Study Group. Inter-
national Pediatric Multiple Sclerosis Study Group criteria for
pediatric multiple sclerosis and immune-mediated central ner-
vous system demyelinating disorders: revisions to the 2007
definitions. Mult Scler 2013;19(10):1261-1267

Chitnis T, Ness J, Krupp L, Waubant E, Hunt T, Olsen CS, et al.
Clinical features of neuromyelitis optica in children: US Network
of Pediatric MS Centers report. Neurology 2016;86(03):
245-252

Camera V, Messina S, Elhadd KT, Sanpera-Iglesias J, Mariano R,
Hacohen Y, et al. Early predictors of disability of paediatric-onset
AQP4-IgG-seropositive neuromyelitis optica spectrum disorders.
] Neurol Neurosurg Psychiatry 2022;93(01):101-111

Lechner C, Breu M, Wendel EM, Kornek B, Schanda K, Baumann M,
et al. Epidemiology of Pediatric NMOSD in Germany and Austria.
Front Neurol 2020;11:415

Zhou ], Zhang Y, Ji TY, Jin YW, Bao XH, Zhang YH, Xiong H, Chang
XZ, Jiang YW, Wu Y. [Clinical analysis of neuromyelitis optica
spectrum disorders in childhood]. Zhonghua Er Ke Za Zhi. 2019
Feb 2;57(2):118-124. Chinese. doi: 10.3760/cma.j.issn.0578-
1310.2019.02.011. PMID: 30695886

Dahan A, Brilot F, Leventer R, Kornberg AJ, Dale RC, Yiu EM.
Neuromyelitis Optica Spectrum Disorder and Anti-Aquaporin 4
Channel Immunoglobulin in an Australian Pediatric Demyelin-
ation Cohort. ] Child Neurol 2020;35(04):291-296

ZhouY, Zhong X, Shu 'Y, Cui C, Wang ], Wang Y, Li X, Chen Z, Peng L,
Kermode A, Qiu W. Clinical course, treatment responses and
outcomes in Chinese paediatric neuromyelitis optica spectrum
disorder. Mult Scler Relat Disord. 2019 Feb;28:213-220. doi:
10.1016/j.msard.2018.12.038. Epub 2019 Jan 3. PMID: 30623860

Arquivos de Neuro-Psiquiatria

62

63

64

65

66

67

68

69

70

7

-

72

73

74

75

76

77

78

Vol. 81

Paolilo et al.

Fragoso YD, Sousa NAC, Saad T, Alves-Leon SV, Pimentel MLV,
Goncalves MVM, et al. Clinical Characteristics of Patients With
Neuromyelitis Optica Spectrum Disorders With Early Onset. ]
Child Neurol 2019;34(09):487-490

Baghbanian SM, Sahraian MA, Naser Moghadasi A, Asgari N.
Disability and Therapeutic Response in Paediatric Neuromyelitis
Optica Spectrum Disorder: A Case Series from Iran. Iran J Child
Neurol 2019;13(03):99-104

Septlveda M, Sola-Valls N, Escudero D, Rojc B, Bar6n M, Hernan-
dez-Echebarria L, et al. Clinical profile of patients with paraneo-
plastic neuromyelitis optica spectrum disorder and aquaporin-4
antibodies. Mult Scler 2018;24(13):1753-1759

Boesen MS, Magyari M, Born AP, Thygesen LC. Pediatric acquired
demyelinating syndromes: a nationwide validation study of
the Danish National Patient Register. Clin Epidemiol 2018;
10:391-399

Fragomeni MO, Bichuetti DB, Oliveira EML. Pediatric-onset mul-
tiple sclerosis in Brazilian patients: Clinical features, treatment
response and comparison to pediatric neuromyelitis optica spec-
trum disorders. Mult Scler Relat Disord 2018;25:138-142
Hacohen Y, Mankad K, Chong WK, Barkhof F, Vincent A, Lim M, et
al. Diagnostic algorithm for relapsing acquired demyelinating
syndromes in children. Neurology 2017;89(03):269-278
Yamaguchi Y, Torisu H, Kira R, Ishizaki Y, Sakai Y, Sanefuji M, et al.
A nationwide survey of pediatric acquired demyelinating syn-
dromes in Japan. Neurology 2016;87(19):2006-2015

Lechner C, Baumann M, Hennes EM, Schanda K, Marquard K,
Karenfort M, et al. Antibodies to MOG and AQP4 in children with
neuromyelitis optica and limited forms of the disease. ] Neurol
Neurosurg Psychiatry 2016;87(08):897-905

Absoud M, Lim MJ, Appleton R, Jacob A, Kitley ], Leite M, et al.
Paediatric neuromyelitis optica: clinical, MRI of the brain and
prognostic features. ] Neurol Neurosurg Psychiatry 2015;86(04):
470-472

Fragoso YD, Ferreira ML, Oliveira EM, Domingues RB, Ribeiro TAG],
Brooks ]BB, et al. Neuromyelitis optica with onset in childhood
and adolescence. Pediatr Neurol 2014;50(01):66-68

Rostasy K, Mader S, Schanda K, Huppke P, Gartner ], Kraus V, et al.
Anti-myelin oligodendrocyte glycoprotein antibodies in pediatric
patients with optic neuritis. Arch Neurol 2012;69(06):752-756
Pefia JA, Ravelo ME, Mora-La Cruz E, Montiel-Nava C. NMO in
pediatric patients: brain involvement and clinical expression. Arq
Neuropsiquiatr 2011;69(01):34-38

Collongues N, Marignier R, Zéphir H, Papeix C, Fontaine B, Blanc F,
et al. Long-term follow-up of neuromyelitis optica with a pediat-
ric onset. Neurology 2010;75(12):1084-1088

Huppke P, Bliithner M, Bauer O, Stark W, Reinhardt K, Huppke B, et
al. Neuromyelitis optica and NMO-IgG in European pediatric
patients. Neurology 2010;75(19):1740-1744

Banwell B, Tenembaum S, Lennon VA, Ursell E, Kennedy |, Bar-Or
A, et al. Neuromyelitis optica-IgG in childhood inflammatory
demyelinating CNS disorders. Neurology 2008;70(05):344-352
Lotze TE, Northrop JL, Hutton GJ, Ross B, Schiffman JS, Hunter JV.
Spectrum of pediatric neuromyelitis optica. Pediatrics 2008;122
(05):e1039-e1047

McKeon A, Lennon VA, Lotze T, Tenenbaum S, Ness JM, Rensel M,
et al. CNS aquaporin-4 autoimmunity in children. Neurology
2008;71(02):93-100

No. 2/2023 © 2023. Academia Brasileira de Neurologia. All rights reserved.

211



