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Abstract

Multiple sclerosis (MS) in children and adolescents is increasingly
recognized worldwide. Demyelinating disorders of the central
nervous system may overlap considerably in their clinical
presentation and radiological appearance. Therefore an exact
categorization might be challenging and might not be readily
attainable. Rigorous radiological and laboratory investigations and
longitudinal follow up of the patient are needed in order to establish
the diagnosis of a chronic demyelinating disorder especially in
children. However, in the past few years many advances have been
achieved in the field of pediatric MS and other white matter disease
such as establishing diagnostic criteria, consensus definitions
proposed for pediatric multiple sclerosis and related disorders and
advances in treating such disorders.

Introduction

ediatric inflammatory demyelinating central nervous system
diseases can be divided into two categories. Monofocal and
potentially monophasic diseases like optic neuritis and transverse
myelitis comprise the first group and multifocal chronic diseases
like relapsing neuromyelitis optica and multiple sclerosis comprise
the second.!

A diagnosis of multiple sclerosis is based on showing disease
dissemination in space and time and excluding other neurological
disorders that can clinically and radiologically mimic multiple
sclerosis.®

Multiple sclerosis (MS) in children and adolescents is
increasingly recognized worldwide. The disorder presents almost
exclusively as a relapsing-remitting disease in children, and most
recover from the initial attacks.*

Demyelinating disorders of the central nervous system may
overlap considerably in their clinical presentation and radiological
appearance. Therefore an exact categorization might be challenging
and might not be readily attainable. Rigorous radiological and
laboratory investigations and longitudinal follow up of the patient
are needed in order to establish the diagnosis of a chronic
demyelinating disorder especially in children. However, in the
past few years many advances have been achieved in the field of
pediatric MS and other white matter disease such as establishing
diagnostic criteria, consensus definitions proposed for pediatric
multiple sclerosis and related disorders and advances in treating
such disorders.

Early delineation of the demyelination as relapsing, mono-, or
multiphasic is of paramountimportance for the preservation of brain

A wealth of knowledge regarding childhood MS have been
established with vast speed and greater familiarity with the
diagnosis and treatment options should lead to better care of
children with such disorders. This review will present the important
advances in childhood multiple sclerosis and related disorders that
were achieved in the last few years.
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function since there are different therapeutic implications.’ A wealth
of knowledge regarding childhood MS have been established with
vast speed and greater familiarity with the diagnosis and treatment
options should lead to better care of children with such disorders.
This review will present the important advances in childhood
multiple sclerosis and related disorders that were achieved in the
last few years.

Incidence and Prevalence

The exact incidence of pediatric MS remains unknown. Estimates
are very variable, and are likely influenced by regional and ethnic
differences in MS incidence as well as the source population.?67
The lack of uniform and definitive criteria to define pediatric
MS could account for some of the variability. Pediatric MS also
continues to be a rare entity, with an estimated 2 to 5% of patients
with MS experiencing their first clinical symptoms before age 16.2
The National MS Society (NMSS) estimates that there are 8,000 to
10,000 children and adolescents with MS in the United States and
another 10,000 to 15,000 children with other possibly related CNS
(Central Nervous System) demyelinating disorders.® ™

Definitions

The following definitions were agreed upon and proposed by the
international multiple sclerosis study group.

Clinically isolated syndrome (CIS), derived from the terminology
used in adult patients, a CIS is defined as a first acute
inflammatory demyelinating episode, either monosymptomatic or
polysymptomatic, but without encephalopathy, except in cases of
brainstem lesions.
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Acute disseminated encephalomyelitis (ADEM), is a self-limiting,
acute multifocal inflammatory demyelinating process accompanied
by encephalopathy as a clinical condition ADEM can be either
monophasic, recurrent (recurrence of initial symptoms in the
absence of new MRI lesions) or multiphasic (new clinical ADEM
event involving new areas of CNS).'s 14

Multiple sclerosis

A diagnosis of adult multiple sclerosis is based on showing disease
dissemination in space and time and excluding other neurological
disorders that can clinically and radiologically mimic multiple
sclerosis. In a recent study, MRI criteria for disease dissemination
in space was characterized by a good specificity (89%) when
applied to patients with a subsequently confirmed diagnosis of
other neurological disorders.™ Nevertheless, the common and
incidental presence of non-specific white-matter abnormalities
on MRI scans and the large number of disorders that have white
matter abnormalities creates diagnostic difficulties that may not be
reliably resolved by the application of existing MRI criteria.'®

The diagnostic criteria for childhood MS are derived from those
applied for adult MS patients, with the important addendum that in
a child whose initial attack was diagnosed as ADEM, a second non-
ADEM demyelinating event alone is not sufficient for the diagnosis
of MS.”2. 17

Neuromyelitis optica (NMO)

The 2006 modified NMO criteria apply also to the pediatric age
group.’® Major criteria are optic neuritis and acute myelitis
along with at least two of three supportive criteria (spinal MRI
lesions spanning a minimum of three segments, detection of
serum NMO-IgG antibody, and brain MRI not meeting diagnostic
MS criteria).!® 20
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Figure 1. Flow chart/decision tree for the diagnosis of acute disseminated
enceph-alomyelitis (ADEM), recurrent ADEM, multiphasic ADEM, and
pediatric multiple sclerosis.

The chart below is adopted form international MS study group
article and represent a useful tool for the clinician in order to tease
out such conditions when in doubt.”

Clinical features

The clinical presentation of white matter disorders may be very
similar and involve different parts of the central nervous system. A
rigorous application of clinical acumen, well established diagnostic
criteria and paraclinical tests is essential. Reported frequencies
of visual, sensory, motor, brainstem, or cerebellar deficits in
pediatric MS varied widely.® 22! Optic neuritis (both bilateral and
unilateral) was identified in 0 to 50% of pediatric MS patients in the
cohorts described and most of these studies reported at least 10%
of patients presenting with visual changes.?> Polysymptomatic
presentation was found in 10 to 67% of the patients. Predictors
for a second attack includes optic neuritis, age greater than 10
years, or an MRI “suggestive of MS” with multiple well-defined
periventricular or subcortical lesions.?®

Diagnostic criteria for NMO have included the requirement for
optic nerve and spinal cord involvement along with evidence of
inflammation. NMO is more common in Asians, and particularly in
women, but NMO is reported in all ethnic groups and has even been
reported in preschool children.?* 25

Differential diagnosis

Many disorders of the central nervous system must be differentiated
from pediatric multiple sclerosis. Thorough clinical history and
rigorous investigations will help distinguish conditions that may
resemble multiple sclerosis in their presentations. CNS infection
and intracerebral malignancy must always be considered. As in
adults, the diagnosis of pediatric MS can be very challenging. The
younger the child and the more atypical the presenting clinical,
laboratory, and neuroimaging features, may pose more difficulty
in establishing the diagnosis and more care is needed in reaching
a diagnosis of MS.®

When the clinician is faced with an infant or a child with acute
neurologic problems and white matter abnormalities on MRI, there
is a wide range of disorders to consider in the pediatric age group
such as CNS Lymphoma, mitochondrial disorders, congenital
leukodystrophies, CNS vasculitis and many other disorders.26-%
Although CNS Iymphoma is rare in children, intracallosal
involvement can be similar to the white matter lesions seen in
MS. Primary small-vessel vasculitis of the CNS is one of the most
difficult disorders to distinguish from acquired demyelination.
The symptoms of macrophage-activation syndrome can initially
resemble ADEM or MS. The clinical and radiographic delineation
of inherited white-matter leukodystrophies are well delineated.
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In general, the insidiously progressive nature of inherited
leukodystrophies enables them to be distinguished readily from
MS, particularly because primary-progressive MS is exceptionally
rare in children.

Diagnostic criteria and investigations

Diagnosis of multiple sclerosis is based on showing disease
dissemination in space and time and excluding other neurological
disorders that can clinically and radiologically mimic multiple
sclerosis.®'** A recommended minimum diagnostic panel for the
initial inflammatory demyelinating event should define the disease
burden with brain and cervical spinal cord MRI with and without
gadolinium. The workup for an initial demyelinating event should
also involve CSF studies (including cell count with differential, total
protein, 1gG index, evidence of oligoclonal bands, and if possible
cytology). Minimum testing on a child suspected of having MS
should also include complete blood count with differential, ESR,
and ANA.

CSF analysis has a key role in the exclusion of acute infection and
malignancy from the diagnosis of MS. The CSF white-cell count in
children presenting with the first attack of MS typically ranges from
0-30 leucocytes/mm. Although cell counts of up to 60 leucocytes/
mm are seen in about 8% of children, higher CSF cell counts are
more characteristic of infection, vasculitis, or neuromyelitis optica.
Oligoclonal bands in spinal fluid analyzed with isoelectric focusing
are reported in about 90% of children with MS. However, CSF
oligoclonal bands develop over the course of the disease, and not
all children have positive results at first. Serum antibodies against
aquaporin 4 (NMOIgG) distinguish adults with neuromyelitis optica
from those with relapsing-remitting MS, with 73% sensitivity and
91% specificity.

Multimodal evoked potential testing can confirm the involvement
of or detect clinically silent deficits in the visual evoked potential,
brainstem auditory evoked potential, or somatosensory evoked
potential pathways. In a study of 156 children with MS, 85 children
had visual evoked potentials tested at the time of the first attack.
Visual evoked potentials were abnormal in 48 children (56%),
29 of whom had no clinical evidence of optic nerve disease.®
However, investigation of brainstem auditory evoked potentials
and somatosensory evoked potentials detected abnormalities not
apparent in clinical examination, which is consistent with other
reports.

MRI has a key role in confirming the presence of CNS lesions
consistent with inflammatory demyelination and in the exclusion of
other CNS disorders. lll-defined lesions that include the deep grey
nuclei in MS are more commonly seen in young children. Several

studies of both children and adults have shown that MRI is not
sufficient to distinguish between ADEM and MS.

Treatment

The treatment of pediatric multiple sclerosis and other related
disorders are based on extrapolations from adult studies. There
is lack of systematic and randomized controlled trials in this field.
Despite the obvious lack of clinical trials in children it has shown
that children and adolescents treated withimmunomodulating drugs
have a similar side effect profile as adult MS patients. The aim of
drugs that modify the course of MS is to reduce the frequency of
clinical relapses and to prevent the progression of disability.
Current Disease Modifying Treatments (DMTs) for MS modulate
or suppress the immune system. There are four Food and Drug
Administration (FDA)-approved immunomodulating agents for
reducing MS relapses in adults: three preparations of interferon
beta (IFNB) and glatiramer acetate (GA12).

There is also one FDA-approved immunosuppressive
medication, mitoxantrone, for patients with worsening MS. Other
immunosuppressive agents used empirically for patients with
aggressive MS include oral azathioprine, IV immunoglobulins
(IVlg), oral methotrexate, oral mycophenolate mofetil, 1V
cyclophosphamide, and pulses of IV methylprednisolone (MP).
Natalizumab, an anti-alpha 4 integrin, was granted FDA approval for
relapsing forms of MS,®-20 but safety concerns arising after three
patients developed progressive multifocal leukoencephalopathy
(PML) led to its temporary removal from the market.®-° No
therapeutic trial for relapses has yet been conducted in the
pediatric MS population. Therefore relapse therapy is based on
clinical experience, and extrapolated from studies of acute relapse
management in adult MS.

Relapse therapy. As in adults, relapses associated with
significant neurologic impairment warrant high-dose steroid
treatment. A typical regimen used by child neurologists is IVMP
20 to 30 mg/kg/day as 1 to 2 hour infusion in the morning for 3 to
5 consecutive days. In view of potential side effects of prolonged
steroid treatment in pediatric patients, a subsequent oral taper
should be restricted to patients with insufficient resolution of
symptoms after IVMP or those patients who experience recurrence
of symptoms after IVMP discontinuation. Steroid taper should be
kept as short as possible, usually not exceeding 2 to 3 weeks (e.g.,
prednisone 1 mg/kg/day as a single-morning dose during the first 3
days after IVMP, followed by progressive dose reduction every 2 to
3 days). IVIg may be an option for children with contraindications
to corticosteroids and mild to moderate attacks, although efficacy
has not been formally investigated.
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Disease Modifying Treatment (DMT): Disease-modifying
therapy. The International Pediatric MS Study Group agreed that
immunomodulatory treatment should be started in children and
adolescents with active elapsing remitting disease (defined
clinically or by MRI scans) after MS is diagnosed. First-line MS
therapies include approved drugs for adult MS: IFNB-1a and -1b
and GA.

There have been no studies (clinical trials) documenting
the efficacy of DMT in pediatric MS. Several small studies
demonstrated that children treated with DMTs seem to experience
some of the same adverse effects as adults. Studies documenting
efficacy of therapy use in children are needed, as are large detailed
safety studies. There is also a need for documentation of long-term
side effects, including effects on development and psychosocial
outcomes. Some children will fail treatment with the standard
DMTs, necessitating use of second-line agents. Studies examining
the use and effects of rescue or escalation therapies are likewise
required.

Prognosis

Pediatric multiple sclerosis (MS) is often associated with a relatively
high relapse rate early in the disease. However, the conversion to a
secondary progressive course or long-term disability is thought to
be slower in children compared to adults. A shortinterval (less than
1 year) between the first two demyelinating episodes, incomplete
recovery after the first attack, as well as a secondary progressive
disease course are unfavorable prognostic factors associated with
a greater risk of developing a higher level of clinical disability over
time.*%4" Increased number of attacks during the first 2 to 5 years
is also associated with a higher risk of converting to secondary
progressive disease.*"*?

Future Directions

The use of standardized definitions for pediatric MS and related
demyelinating disorders will greatly facilitate clinical care and
promote a platform for future research. There is a need for
collaborative international multicenter studies which can achieve
the cohort size necessary to address unresolved issues given
the inadequate number of patients in any given geographic area.
Such information will help address several key questions such as
whether CNS inflammatory demyelinating diseases have special
characteristics in children as compared to adults, moreover,
whether clinical presentation during the first demyelinating event
can predict a mono vs multiphasic course, and finally, whether
ADEM and MS represent distinctive entities. To better care for
these youngsters and to advance our understanding of the biologic

mechanisms underlying pediatric MS and related disorders,
prospective, collaborative studies will be required.*?
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