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Abstract

Purpose of review Neuromyelitis optica spectrum disorders (NMOSDs) are a group of
inflammatory and demyelinating disorders of the central nervous system that can
occur in children and adults. The classic presentation of NMOSD is characterized
by optic neuritis and transverse myelitis, but other presentations are also recog-
nized, expanding the disease as NMO spectrum disorders. The purpose of this
review is to discuss the clinical features, along with management and treatment
options, including potential future therapeutic options, in pediatric NMOSD.
Recent findings The aquaporin-4 antibody (AQP4 ab) is specific for NMOSD;
however, recently another antibody, the myelin oligodendrocyte glycoprotein
(MOG ab) has been found in a subset of AQP4 ab-negative patients including
in children. Most treatment studies are reported in adults, but retrospective
studies on efficacy and safety of mycophenolate mofetil, azathioprine, and
rituximab in pediatric NMOSD are available.
Summary While some pediatric NMOSD-specific treatment studies are available,
more research is needed in the mechanisms of early onset and specific treatment
options in children, including whether different treatment considerations are
needed for AQP4 ab as opposed to MOG ab-positive disease.

http://crossmark.crossref.org/dialog/?doi=10.1007/s11940-018-0502-9&domain=pdf


Introduction

Neuromyelitis optica spectrum disorders (NMOSDs) are a
group of inflammatory and demyelinating disorders of the
central nervous system and are separate diseases from
multiple sclerosis (MS). Initially termed Devic’s disease,
NMOSD was first characterized by optic neuritis (ON)
and transverse myelitis (TM). However, the antibody
targeting aquaporin-4 (AQP4 ab) was discovered as

specific for the disease and the more recent guidelines
included antibody testing as part of the diagnosis [1••].
Other presentations of NMO are also recognized, broad-
ening the disease as NMOSD. While NMOSD usually
occurs in adults, NMOSD can also affect children. This
review aims to highlight the characteristics of NMOSD in
pediatric patients andmost recent insights into the disease.

Epidemiology

While average age of onset in NMOSD is usually in the fourth and fifth decades
of life, NMOSD can also occur in children, in up to 3–5% of patients [2]. The
age of onset is typically around 10–12 years but has been reported in patients as
young as 16 months old [3•]. Girls are more likely to be affected than boys [4]
(see Table 1). Incidence and prevalence of pediatric onset NMOSD are not well-
characterized, but population studies suggest that the overall incidence of
NMOSD in children and adults ranges from 0.05 to 4/100,000 per year and
prevalence from 0.52 to 4.4/100,000 [5]. In Japan, the incidence of pediatric
NMOSD was 0.06 per 100,000 children [6].

NMOSD is generally a sporadic disease; however, about 3% of cases are
familial [7]. While very few genetic risk factors are linked to NMOSD, the HLA-
DRB1*03:01 allele was associated withNMOSD in a group of Brazilian patients
[8] and several single nucleotide polymorphisms in CD58 were associated with
increased risk of NMOSD in Korean patients [9].

Clinical features of pediatric NMOSD

In a large case series of NMOSD from the US Network of Pediatric MS Centers
(NPMSC), themost common initial presenting symptoms in pediatric NMOSD
patients include motor, visual, and constitutional (including fevers and sei-
zures) symptoms. Vomiting and intractable hiccups are seen in area postrema
syndrome, which can be the initial symptoms of NMOSD [10]. Vomiting was
more likely to occur in NMOSD (38%) and in acute disseminated encephalo-
myelitis (ADEM) (46%) than in MS patients (10%; p G 0.01 compared to
NMOSD). In this case series, 65% presented with optic nerve involvement,
and 55% presented with spinal cord involvement, with 13% having both optic
nerve and spinal cord involvement [3•]. Brainstem/cerebellar involvement was
observed in 71% of patients. In another series of 20 pediatric onset NMOSD
patients, 40% presented with unilateral ON, 20% with bilateral ON, 15% with
TM alone, and 15% with simultaneous ON and TM [11].

NMOSD has been linked with other autoimmune diseases including
Sjogren’s syndrome [12], lupus [13], celiac, Hashimoto’s disease, childhood
onset diabetes, atopic dermatitis [3•], juvenile rheumatoid arthritis, Graves,
autoimmune hepatitis, panserositis [14•], and juvenile dermatomyositis [13].
Coexisting autoimmune diseases was found in 9% in a Brazilian study [15],
16% of pediatric NMOSD from the NPMSC study [3•], and 42% in a study
from Mayo in AQP4 seropositive children [14•].
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Diagnostic criteria for NMOSD

The International Panel for NMODiagnosis (IPND) published the most recent
diagnostic criteria for NMOSD in 2015 [1••]. These diagnostic criteria divide
patients into AQP4 ab-positive and AQP4 ab-negative patients. Diagnosis of
NMOSD in AQP4 ab-positive patients includes one core clinical characteristic,
positive AQP4 ab, and exclusion of alternative diagnoses.

The core clinical characteristics include the following: optic neuritis, acute
myelitis, area postrema syndrome of hiccups or nausea, symptomatic narcolep-
sy or acute diencephalic clinical syndrome with MRI diencephalic lesions
typical of NMOSD, acute brainstem syndrome, and symptomatic cerebral
syndrome with NMOSD-typical brain lesions.

Diagnostic criteria for NMOSD with either negative or unknown AQP4
status include two core clinical characteristics that meet all of the following
requirements: one core clinical characteristic must include optic neuritis, acute
myelitis with LETM or area postrema syndrome, dissemination in space of two
or more core clinical characteristics, and fulfillment of additional MRI require-
ments [1••].

Diagnostic criteria from the International Pediatric Multiple Sclerosis Study
Group (IPMSSG) for pediatric NMOSD in 2007 were that all three criteria were
fulfilled: optic neuritis, acute myelitis, and two of three supportive criteria:
Contiguous spinal cord MRI lesion extending over three vertebral segments,
brain MRI not meeting diagnostic criteria for MS, and AQP4 IgG seropositive
status. However, in 2013, IPMSSG revised diagnostic criteria for pediatric
demyelinating disorders, which expanded pediatric NMO into NMOSD.
NMOSD includes relapsing ON or relapsing TM with a positive serum AQP4
ab; NMOSD relapses can resemble ADEM, and brainMRI lesions can be located
in the supratentorial region, hypothalamus, and brainstem near the fourth
ventricle [16••]. LETM can be less specific for NMOSD in children as 15% of
pediatric MS patients have LETM [17].

Differential diagnosis in NMOSD

Mimickers of adult NMOSD include multiple sclerosis, ADEM, lupus, sarcoid-
osis, vasculitis, and malignancy including paraneoplastic disease or chronic
infection. Late-onset biotinidase deficiency is a rare but mimicker of NMOSD
that occurs in adults [18] and has also been reported in children [19, 20].
NMOSD has also been reported in an adult patient with atypical
hemophagocytic lymphohistiocytosis who was found to have a perforin muta-
tion A91V [21]. In children, all of these differentials should be considered,
including ADEM, CNS vasculitis, and sarcoidosis.

Laboratory testing in pediatric NMOSD

Initial laboratory testing for a patient with suspected NMOSDusually includes a
complete blood count with differential, chemistry panel, and liver function
tests. Inflammatory markers including erythrocyte sedimentation rate and c-
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reactive protein are sometimes elevated. Markers for other autoimmune dis-
eases include screening anti-nuclear antibody (ANA) along with anti-Ro and
anti-La. Evaluation for infectious diseases includingmycoplasma, Lyme disease,
cytomegalovirus, and Epstein-Barr virus can also be sent. Cerebrospinal fluid
should be examined when possible for cell count, glucose, protein, gram stain
and culture, oligoclonal bands (OCBs), and IgG index.

Cerebrospinal fluid from NMOSD patients generally demonstrates elevated
white blood cell counts (average of 105.8) as compared toMS patients (average
19.4) but similar to ADEM patients [3•]. CSF pleocytosis in NMOSD andMS is
lymphocytic predominant. Oligoclonal bands are positive in one third of
patients, compared to two thirds of MS patients and are generally absent in
ADEM patients [3•]. Another study of 20 pediatric NMOSD patients reported
that 2/10 AQP4 ab-positive patients whereas 0/7 of the AQP4 ab-negative
patients had positive oligoclonal bands [11].

AQP4 antibody testing in NMOSD

Aquaporin-4 antibody (AQP4 ab) was discovered in 2004 and is a specific
serum biomarker for NMOSD [22•]. Aquaporin-4 is a water channel localized
in the foot processes of astrocytes at the blood-brain barrier [23]. AQP4 ab can
be sent fromboth serum andCSF; however, serum testing ismore sensitive than
CSF [24]. The sensitivity of the AQP4 ab testing using a cell-based assay is 76.7%
[1••]. This proportion was similar among a pediatric NMOSD cohort; however,
in children, serial testing revealed that AQP4 ab testing could remain negative
even up to 4 years after disease onset [3•]. Thus, repeat testing of AQP4 should
be obtained in patients with high suspicion, even if the test is initially negative.

AQP4 ab positivity is associatedwith early recurrence and visual impairment
when compared to AQP4 ab-negative patients [11]. AQP4 positivity portends a
lifelong disorder and thus treatment is started as soon as the diagnosis is made
and continued indefinitely (see below regarding treatment) [1••].

Imaging characteristics of pediatric NMOSD

MRI of brain and full spine with and without contrast should be obtained in
patients who present with suspected NMOSD. If the patient has any visual
symptoms then a dedicated orbital MRI can be helpful to evaluate the optic
nerve pathway. Brain MRI findings in NMOSD include diencephalic lesions
around the third ventricle and aqueduct, dorsal brainstem lesions abutting the
fourth ventricle, and periependymal lesions around the lateral ventricles. White
matter lesions in the hemispheres can be large and tumefactive or spindle-like
following white matter tracts [25]. As mentioned before, LETM is not specific to
NMOSD in children and can be seen in MS [17] and non-LETM can be seen in
children with NMOSD.

Disease course in pediatric NMOSD

More than 90%of children withNMOSDwill have relapses [3•, 11, 17, 26] and
can result in disability. As compared to MS or ADEM, pediatric patients have a
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higher EDSS score within 2 years of disease onset (2.25 versus 1.28 and 0.5,
respectively) [3•]. This finding could be attributed to delayed treatment but
another study from Brazil reported disability accumulation in pediatric-onset
NMOSD despite treatment [27]. A study from France found that pediatric-onset
NMOSD has slower long-term disability accrual by EDSS but higher visual
disability when compared to adult-onset NMOSD patients [26].

In the study with the longest follow-up in pediatric NMOSD (average
19.3 years), 12 pediatric NMOSD patients were compared with 113 adult
NMOSD patients [26]. In pediatric onset patients, the median interval between
onset and disability was 20.7 years for EDSS score 4, 26 years for EDSS score 6,
and 28.7 years for EDSS score 7. Moreover, median time to severe residual
visual loss after the initial episode of optic neuritis was 1.3 years. Compared to
adult onset NMOSD, pediatric patients had a longer time to reach EDSS score 4
and 6, which was attributed to the severity of the initial episode of myelitis in
adults. Mean annualized relapse rates were 0.6 in children and 1.0 in adult
onset NMOSD [26].

Anti-MOG antibody in NMOSD

Antibodies against MOG (myelin oligodendrocyte glycoprotein), a glycopro-
tein located on the outermost lamella of the CNSmyelin sheath [28], have been
increasingly recognized in NMOSD. Some NMOSD patients who test negative
for the AQP4 ab are found to be seropositive for the MOG ab. In a cohort of
adults and childrenwithNMOSD and systematic testing, 73%were seropositive
for AQP4, 12% for MOG antibody, and 15% were double-seronegative [29].
MOG ab should also be sent on patients who are AQP4 ab negative and as of
October 2017 has become clinically available in the USA. MOG ab seroposi-
tivity is also observed in other pediatric demyelinating diseases, including
ADEM, clinically isolated syndrome (CIS), and MS [30–33] that will not be
discussed in this article.

Differentiating features of AQP4 versus MOG ab positivity

There are several studies examining differences in NMOSD of comparing AQP4
ab versus MOG ab positivity (see Table 2). In one available pediatric study of
NMOSD patients, 3/12 patients tested positive for AQP4 with 7/12 testing
positive for MOG [36]. Gender differences are observed between the two
antibodies for in NMOSD patients, AQP4 ab patients had a higher female:male
ratio as compared toMOGab patients [34, 37]. Some studies suggest that AQP4
ab is more likely associated with relapsing disease where MOG ab is more likely
to be associated with monophasic illness and therefore more benign [32, 37,
38]. However, this may be explained by a shorter follow-up time as other
studies with more patients and longer follow-up time reported that MOG ab
is associated with relapsing disease, including 55% of one pediatric MOG ab
cohort and 80% in an adult MOG ab cohort [39, 40•].

Not only are relapsing rates different but recovery also differ between AQP4
and MOG ab patients. For episodes of myelitis, complete recovery is observed
in 19% of AQP4 ab as compared to 35% of MOG ab. For recovery from optic
neuritis, 33% of AQP4 ab patients have complete recovery as compared to 53%
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of MOG ab-positive patients [39]. In this study, the most recent Extended
Disability Status Scale (EDSS) was more severe in AQP4 ab patients (median
4.5) as compared to MOG ab-positive patients (median 1.0; however, follow-
up time was also different between the two groups (median 7.2 years in AQP4
and 3.7 years in MOG ab).

CSF characteristics are also different. AQP4 ab-positive patients had a lower
CSF white blood cell count (mean 13) as compared to MOG ab-positive
patients (mean 75) [34]. However, OCBs are found in both AQP4 ab and
MOG patients at different rates; one study found OCBs are more likely found
in AQP4 ab than in MOG ab CSF (15 and 0%, respectively) [34] whereas
another study found that 5/29 AQP4 ab-positive patients had OCBs as com-
pared to 3/3 MOG ab patients [35•].

Variations in imaging characteristics may exist between AQP4 andMOG ab-
positive patients. Longitudinally extensive optic involvement and/or chiasmal
involvement on imaging can be more suggestive of MOG antibody seroposi-
tivity as compared to AQP4 antibody positive optic neuritis [39]. MOG ab
positivity was more often associated with anterior optic pathway involvement
whereas AQP4 ab is more often associated with posterior optic pathway [41];
see Fig. 1. Whether these imaging findings apply to pediatric patients is a topic
of further study.

Interestingly, brain lesional biopsy from a MOG ab positive patient dem-
onstrated acute inflammation with demyelination and relative preservation of
astrocytes [42]. This is in contrast to biopsy of tissue from AQP4 ab-positive
patients in which six different lesion types have been described, one that
includes astrocyte apoptosis [43].

How MOG ab seropositivity affects medication options is not entirely
established currently and for patients who fit clinical criteria for
NMOSD, the same treatment options can be considered as will be
discussed below.

Table 2. Comparison between AQP4 ab and MOG ab in NMOSD

AQP4 seropositivity MOG seropositivity
Pediatric NMOSD 3/12 7/12

Female:male ratio 3.5–14.7:1 0.8:1

Disease course Relapsing Some monophasic

CSF white blood cell count Average 13 Average 75

Oligoclonal bands: varies by study

Sepulveda et al. 2016 [34] 15% 0%

Probstel et al. 2015 [35•] 17% 100%

Complete recovery from attacks

Myelitis 19% 35%

Optic neuritis 33% 53%

Median EDSS (follow up in years) 4.5 (7.2) 1.0 (3.7)
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Approach to management in patients

Management of NMOSD includes a multidisciplinary approach including a
neurologist, neuropsychologist, ophthalmologist/neuro-ophthalmologist,
physical therapist, bladder management, and pain management. Monitoring
for infectious diseases is also important for patients on immunotherapy. More-
over, interventions for school such as a Section 504 Plan or Individualized
Education Program should be considered in patients to provide additional
services.

Treatment options for pediatric NMOSD

Treatment for NMOSD includes treatment of acute attacks, preventative thera-
py, and symptomatic management. Limited Class I evidence is currently pub-
lished, but we will highlight both pediatric and adult studies on treatment

Fig. 1. a, b, c Representative MRI images from an 11-year-old patient presenting with weakness, found to have longitudinally
extensive transverse myelitis and serum AQP4 ab positive. T2-weighted images of the cervical (a) and thoracic spine (b)
demonstrated LETM and brain MRI showed punctate lesions (c). d, e, f, g Representative MRI images from a 16-year-old pediatric
NMOSD patient who is also MOG positive: T2-weighted images of the cervical spine (d) and thoracic spine (e) demonstrate a
longitudinal lesion. T2 FLAIR images of the brain show punctate lesions (f), T2-weighted FLAIR images of the orbits demonstrate
bilateral optic neuritis (g).
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options when available. The following recommendations are off-label use for
NMOSD. There is emerging suggestions of differential response to some treat-
ments based on AQP4 or MOG ab serostatus; however, these observations
require further validation.

Acute attacks
For acute relapses, methylprednisolone, intravenous immunoglobulin, and
plasma exchange are options in pediatric NMOSD. Treating an acute attack
targets recovery of neurological deficits and minimizes irreversible CNS injury.
Initial treatment is usually IVmethylprednisolone, with a dose of 30mg/kg/day
with a maximum of 1000 mg for 5 days. If symptoms are minimally improved
or severe, then extending the course to a total of 7 days is considered. However,
if minimal response to IV methylprednisolone is observed or if the patient has
severe symptoms upon presentation, intravenous immunoglobulin (IVIG) ad-
ministered at 2 g/kg divided over 2–5 days is generally the next step in treat-
ment. Plasma exchange (PLEX) can also be considered as PLEX been shown to
be effective in treating acute relapses in adults with NMOSD [44].

Upon completion of IVmethylprednisolone in a first attack, we recommend
an oral steroid taper. Different institutions offer different tapers, but we use
either prednisone or prednisolone, beginning at 1 mg/kg/day up to 60 mg and
cutting the dose in half every 5 days for a total of 4 weeks starting on the first day
upon completion of IV steroids.

Preventative therapy
Preventative therapy is utilized to decrease risk of relapses and disability.
Disease-modifying treatment options include rituximab, mycophenolate mo-
fetil, azathioprine, and cyclophosphamide [45, 46].

Mycophenolate mofetil
Mycophenolate mofetil has been shown to be effective in adults with NMOSD
by reduction of annualized relapse rate (ARR) and improvement in EDSS [47,
48] and even as first-line therapy [49]. In adults, mycophenolate mofetil has
been suggested to bemore efficacious than azathioprine [50] and another study
reported that the efficacy was similar between both medications but that
mycophenolate mofetil was better tolerated than azathioprine [51]. One retro-
spective study including children demonstrated efficacy of mycophenolate
mofetil in NMOSD [48]. One study in adults found an association with
younger age of disease onset and increased likelihood of failing mycophenolate
mofetil or azathioprine and switching to rituximab [52]. Dosing of mycophe-
nolatemofetil is a goal of 600mg/m2 twice a day for a total of 1200mg/m2 in a
day, with a maximum of 1000 mg twice a day for a total of 2000 mg in a day.
Slower uptitration is associated with increased tolerability so we generally start
at a quarter dose up to 250 mg twice a day for 14 days, then half dose up to
500 mg twice a day for 14 days and then goal dose after that. Side effects
associated with mycophenolate mofetil include gastrointestinal symptoms in-
cluding nausea, abdominal pain, diarrhea; dizziness, rash, increased risk of
infection, and fatigue [47, 51]. A few reports of progressive multifocal
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leukoencephalopathy (PML) have been associated withmycophenolatemofetil
but are rare [53].

Rituximab
Rituximab is an anti-CD20 chimeric monoclonal antibody that depletes B cells
and has been used in children with NMOSD [54]. One retrospective study in 16
pediatric patients [55] demonstrated a reduction in ARR with rituximab. More-
over, B cell repopulation was associated with risk of relapse. While on average,
the last documented B cell depletion occurred at 4.5 months from the last
rituximab dosage andmean time to repopulation was 6.8months; a wide range
of interpatient and intrapatient variability was observed [55]. Rituximab has
also been used as first-line preventative agent in pediatric NMOSD with good
effect [56]. A randomized clinical trial in adults with NMOSD demonstrated
that rituximab was more effective than azathioprine with decreased ARR and
improvement in EDSS [57]. Dosing in pediatric patients is generally induction
dosing at 375 mg/m2 every week for 4 weeks and then 375 mg/m2 every
6 months after that. For older patients, dosing can be 750 mg/m2 up to
1000 mg maximum every 2 weeks at two doses and then 750 mg/m2 up to
1000 mg maximum every 6 months. Monitoring of B cell counts is recom-
mended every 3–6 months as return of B cells is associated with risk of relapse.
Side effects of rituximab include infusion reactions, nausea, vomiting, increased
risk for infections, and hepatitis viral reactivation [58]. PML has been linked
with many disease-modifying therapies and has been rarely associated with
rituximab but has been reported in the setting of treatment for lymphoma [59].

Azathioprine
Azathioprine is a purine analogue that interferes with DNA synthesis in prolif-
erating cells, including T and B cells. Azathioprine has been shown to be
effective in decreasing relapse rates along with improving EDSS and visual
acuity in adults with NMOSD [60]. In a long-term study in adults, 89% had
reduced relapse rate and 61% remained free from relapse at 18 months after
treatment initiation [61]. Two retrospective studies on azathioprine included
children and demonstrated efficacy and that treatments were discontinued due
to tolerability [60, 61]. Dosing in pediatric patients is 2–3 mg/kg/day. Azathi-
oprine has also been used in MOG ab-positive NMOSD [39]. Side effects
include nausea, elevated liver function tests, diarrhea, severe leukopenia, rash,
and hypersensitivity reactions. A rare side effect also includes lymphoma [60].

Cyclophosphamide
Cyclophosphamide has been used in treating NMOSD; adult studies generally
report that cyclophosphamide is efficacious in NMOSD [62, 63] whereas
another retrospective study reported no improvement [64]. Moreover, a study
in comparing the effects of azathioprine, mycophenolate mofetil, and cyclo-
phosphamide found that while all three were effective in treating NMOSD,
cyclophosphamide did not affect EDSS although both azathioprine and myco-
phenolate mofetil demonstrated a decrease in EDSS [63]. However, in the few
children treated with cyclophosphamide, all had to switch to another medica-
tion due to lack of efficacy [17, 26]. With the effectiveness of other options
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including rituximab and the side effects of cyclophosphamide including hem-
orrhagic cystitis, infertility, and increased risk of malignancies, we generally use
other options.

Medications to avoid in NMOSD
Some of the disease-modifying therapies used in MS are either ineffective or
exacerbate NMOSD, demonstrating the need for accurate diagnosis. Interferon-
beta has been shown to be ineffective or even exacerbate disease in NMOSD
[65, 66]. Glatiramer acetate is ineffective in NMOSD [67]. Severe relapses
resulting in significant disability have been associated with the use of dimethyl
fumarate [68]. Alemtuzumab also has been reported ineffective in two cases of
NMOSD, which included a pediatric patient [69]. Natalizumab has been asso-
ciated with relapses [70–72].

Potential future treatments

Tocilizumab
Tocilizumab is a monoclonal antibody targeting the interleukin-6 (IL-6)
receptor. IL-6 is a proinflammatory cytokine and elevated in both serum
and cerebrospinal fluid of NMOSD patients [73, 74]. A pilot Class IV
study in seven adult NMOSD patients demonstrated efficacy of toci-
lizumab with reduction in the annualized relapse rate (ARR), along with
decreased Expanded Disability Status Scale (EDSS) score, pain, and
fatigue [75]. A retrospective observational study with a median follow-
up time of 30.9 months also demonstrated reduced ARR and decreased
EDSS [76]. While no such study has yet been performed in pediatric
NMOSD, one case report of a pediatric patient with both NMOSD and
Sjogren’s syndrome had treatment response to tocilizumab, an anti-
interleukin-6 monoclonal antibody [77]. Tocilizumab is used in other
pediatric diseases including juvenile idiopathic arthritis [78] and juvenile
dermatomyositis [79]. Most common adverse events include infections,
especially respiratory infections, and laboratory abnormalities reported
are liver function abnormalities, neutropenia, and elevated cholesterol
[78].

Eculizumab
Part of the pathophysiology of NMOSD has demonstrated that upon
binding of the AQP4 ab to astrocytes, the complement cascade is acti-
vated that results in lysing of astrocytes [80]. Eculizumab is a human-
ized monoclonal IgG that targets the complement protein C5, and as a
result, inhibits the complement cascade and the endpoint destruction of
astrocytes. An open-label pilot study of eculizumab examined 14 adults
with NMOSD. Eculizumab demonstrated decrease of attacks and im-
provement in EDSS. The most common adverse reactions included
headache, nausea, and dizziness. Serious adverse events included a tran-
sient ischemic attack in a patient who is a smoker and one patient had
meningococcal sepsis but recovered and continued on eculizumab [81].
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While currently there are no published cases of pediatric NMOSD patients
treated with eculizumab, eculizumab is currently used in pediatric patients with
other diseases such as paroxysmal nocturnal hemoglobinuria [82] or as first-
line therapy in atypical hemolytic uremic syndrome [83]. Side effects of
eculizumab reported in children include infusion reactions [84] and increased
risk of meningococcal infections [83].

Bevacizumab, a recombinant humanized monoclonal antibody that binds
vascular endothelial growth factor (VEGF), was studied in an open-label phase
1b safety and proof of concept study as adjunct therapy to steroids at time of
acute relapse in ten adult patients. Bevacizumab was safe in all ten patients, and
three patients experienced recovery or improvement as compared to their neuro-
logical baseline prior to the attack. None of the patients required PLEX [85].

In adults, currently clinical trials are underway or recently completed with-
out published results investigating the utility of cetirizine, alpha1-antitrypsin,
autologous hematopoietic stem cell transplant, C1-esterase inhibitor, MEDI-
551, and ublituximab (also known as LFB-R603), a monoclonal antibody that
specifically binds to the trans-membrane antigen CD20 [86].

Symptomatic management
Little evidence exists for the symptomatic treatment in NMOSD; consequently,
the following recommendations are based on experience and upon symptom-
atic treatment in other neurological disorders.

Symptomatic management

Urinary retention
When the spine is injured, urinary retention or incontinence can be a lasting
symptom. For patients with urinary retention, clean intermittent self-
catheterization is the preferred option as an indwelling catheter can easily
become infected. Management of urinary incontinence usually includes fre-
quent scheduled trips to the bathroom and pelvic floor exercises. Bladder
symptoms are managed with the guidance of urology.

Pain
Even after recovery from an acute attack, many patients experience pain.
Pain can be neuropathic including burning or allodynia, or pain due to
spasticity. For neuropathic pain, we usually start with gabapentin but
amitriptyline or duloxetine can also be considered. For spasticity, baclo-
fen can be helpful as is physical therapy.

Fatigue
Fatigue is a symptom that greatly impacts quality of life in patients with
NMOSD. In a survey of pediatric patients with demyelinating diseases including
NMOSD, pediatric patients’ reports of fatigue were predictive of decreased
quality of life and quality of life was decreased in pediatric demyelinating
disease patients as compared to healthy controls [87]. Management of fatigue
initially begins with optimizing sleep hygiene and ruling out other medical
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causes such as hypothyroidism or anemia. First-line interventions for fatigue
begin with non-pharmacologic interventions such as routine exercise, cognitive
behavioral therapy, mindfulness, and fatigue-management programs [88].
While medications have not been studied specifically for fatigue in NMOSD
or in pediatric demyelinating diseases, modafinil has been shown to be effective
in adults with MS and can be considered in pediatric patients [89–91].

Conclusion

NMOSD can occur in children, and distinguishing the diagnosis of NMOSD
from other demyelinating diseases is important in selecting treatment options
in these patients. More studies are needed in examining the pathogenesis and
management options in NMOSD patients including in patients who are MOG
ab positive or AQP4/MOG ab negative. Moreover, studies on long-term effects
of these treatments in children are also needed.
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