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DEFINITION

According to the „International Pediatric MS
Group”, nosologic limits of pediatric multiple scle-
rosis (PMS) refer to the multiple sclerosis (MS) with
onset under the age of 18 years (1). An important
number of studies have included PMS patients with
onset under the age of 16, 10 or 6 years (2-9).

HISTORY

MS is known as a disease of young to middle
adulthood. The „late-onset” cases have been well
documented. The existence of „early-onset” MS
(in childhood or adolescence) has been disputed
for a long time. Although Charcot in 1868 had some
doubts about the occurrence of MS in childhood,
his pupil Pierre Marie in 1883 reported cases with
early-onset. Over the following years, Schippfer in
1902 and Muller in 1904 presented children with
MS. Sporadic MS patients with onset in childhood
were reported by Rimbaud et al in 1938 and Carter
in 1946 (data quoted by Hanefeld (10)). The trials
to systematize MS with childhood onset started at
the end of 1950s (11,12).

CLINICAL FEATURES

An estimated 3-5% of all patients with MS had
onset before the age of 18 years. Mean age of onset
varied between 8.6±1.2 years and 13.5±0.3 years.
Gender ratio (female/male) is ~2.1. A family history
of MS is reported by 6-8% of PMS (3,8,13-21).

Overall, about 50-70% of children with MS have
a polysymptomatic onset, whereas 30-50% have a
monosymptomatic onset. From the children with

monosymptomatic onset, 10-22% present optic neu-
ritis (ON), ~30% have motor dysfunction, 15-30%
have sensory symptoms, 5-15% present ataxia,
~25% have brainstem symptoms and ~10% isolated
transverse myelitis. Fatigue (~40%) and cognitive
dysfunction (~66%) are severe enough to limit scho-
lastic activities of children with MS (4-10, 20-27).

The risk of MS appearance after ON onset (uni-
or bilateral) was smaller in children than in adults
in some studies (28,29) but was similar in others
(30-33). In a prospective study of ON in children,
a percentage of 36% has been diagnosed with MS
after 2 years (34).

The majority of PMS patients (~96%) were diag-
nosed initially with relapsing-remitting MS and only
~4% with primary-progressive MS (8,17,18,35,36).
The time span between the initial attack and the
second MS-defining event varied between 6 to 12
months (20). The relapse rate reported in retrospec-
tive studies ranges from 0.38 a year to 1.0 a year
(18,35).

In a prospective study with PMS duration of 8
years or longer, 36 patients (66,7%) had an expan-
ded disability status scale (EDSS) of less than 4,
five patients (9,2%) had scores between 4 and 6
and 13 patients (24.1%) had scores greater than 6
(16). The mean time to reach an EDSS score of 4
was 10.8 years and took a mean time of 18.2 years
to reach a score of 6 (35). Of 197 PMS patients
followed up from first attack in a prospective study,
an EDSS score of 4 was reached by 15% of children
after a mean observation of 7.8 years (37). In a
retrospective group of 83 patients with PMS the
median time to an EDSS score of 4 was 14 years
and such an outcome occured in 25% of the patients
(8). The median times from onset to EDSS score 4,
6 and 7 were 20 years, 29 years and 37 years
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respectively, but the patients with PMS took 10
years longer to accrue disability and were about 10
years younger than patients with adult-onset MS
with comparable impairment (2).

Secondary-progressive MS was seen in 53.1%,
42.9%, 14.5% and 4.5% patients after mean disease
durations of 17.7 years, 12.9 years, 10.0 years and
4.8 years respectively (8,17,35,37). The risk of sec-
ondary-progressive MS was associated with a high
frequency of relapse and shorter intervals between
attacks in the first few years of disease (8,17). The
accrual of disability within 1 year of disease onset
or a high frequency of relapse in the first 2 years of
disease has also been associated with higher EDSS
in score at 8 years (16).

PARACLINICAL EXAMINATIONS

In a retrospective study the presence of higher
IgG index or of oligoclonal bands in cerebrospinal
fluid of 92% PMS patients has been recorded (38).

The multimodal evoked potentials in PMS pa-
tients have found out subclinical demyelinated
lesions. In 46% of PMS patients, spatial dissemina-
tion was detected by visual, auditory and somato-
sensory evoked potentials before the second clinical
attack. Evoked potentials may constitute an im-
portant tool for earlier diagnosis of PMS (39).

Application of adult magnetic resonance ima-
ging (MRI) criteria is problematic in children,
particularly those under the age of 10 (40). There
are many possible reasons why the MRI appearance
of MS in children may differ from that in adults: a)
the subclinical phase of the MS disease process is
inherently brief in PMS and thus there may be
fewer, pre-existing lesions notable on MRI changes
obtained at the time of the first demyelinating event;
b) the full myelin maturation may influence the
regional proclivity for MS lesions, particularly in
the very young MS patients; c) immunologic ma-
turity and inflammatory nature of lesions differ
between children and adults; d) children differ from
adults in their innate capacity for myelin repair,
leading to fundamental differences in the MRI
appearance of lesion evolution (41).

MRI features of PMS have the following parti-
cularities: a) demyelinating lesions are large, with
perilesional edema, sole presence and nondissemi-
nated in space; b) enhancing gadolinum lesions are
present only in ~20% of the patients. Serial MRIs 3
to 6 months after an initial demyelinating event in
childhood has been advocated (34,41-44).

MR spectroscopy, magnetization transfer and
diffusion tensor imaging provide new tools to

examine the relationships among neuro-axonal loss,
myelin disruption and immune-mediated processes
(45-46).

Serological studies have demonstrated a high
prevalence of Epstein-Barr virus in PMS patients
(47-49). In a study, Chlamidia pneumoniae intra-
thecal antibodies in children with MS has been
found (50).

DIFERENTIAL DIAGNOSIS

After the first clinical attack induced by a
demyelinating lesion of central nervous system, the
diagnosis of PMS is very difficult. The younger a
child and the more atypical the initial clinical, la-
boratory and neuroimaging features, the more care
is needed in establishing the diagnosis of PMS
(1,51,52).

First of all, PMS must be differentiated from
acute disseminated encephalomyelitis (ADEM).
This disease, wich is frequent in childhood, may
have at onset the same symptomatology as PMS
and has monophasic, recurrent or multiphasic
evolution. However, there are distinct criteria for
diagnosis of ADEM (1,52-57).

Second, PMS must be differentiated from neuro-
myelitis optica, which has known criteria for po-
sitive diagnosis (58,59).

Third, PMS must be differentiated from other
central nervous system diseases: a) infectious
(neuroborreliosis, HIV encephalomyelitis, pro-
gressive multifocal leukoencephalopaty, subacute
sclerosing panencephalitis, neurosyphilis, para-
sitosis, etc.); b) neoplasms (lymphoma, astrocytoma,
medulloblastoma, metastases, etc.); c) inflamma-
tory/noninfectious (systemic lupus erythematosus,
Behcet disease, isolated angiitis, neurosarcoidosis,
Sjögren disease, etc.); d) neurometabolic/neuro-
genetic leukoencephalopathies (adrenoleukodystro-
phy, metachromatic leukodystrophy, Krrabe dis-
ease, Pelizaeus-Merzbacher disease, Wilson dis-
ease, Fabry disease, etc.); e) mitochondrial disorders
(Leber disease, Leigh disease, Kearns-Sayre syn-
drome, etc.); f) vitamin deficiencies (vitamin B12,
vitamin E, folate, celiac disease, etc.); g) vascular
diseases (Moyamoya disease, cerebral autosomal
dominant arteriopathy with subcortical infarcts and
leukoencephalopathy, etc.) (52).

TREATMENT

Treatment for relapses

Corticosteroids in adequate dosage are well
tolerated by the children and adolescents. This
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treatment requires careful monitoring of blood
pressure, urine glucose, serum potassium and ad-
ministration of gastric protection. The risk of side
effects increases with prolonged use and total cu-
mulative dose (60).

Plasmapheresis has been proposed when the
children fail to recover after treatment with high
dose corticosteroids or to avoid side effects of
frequent pulses of steroids (60-62).

Intravenous immunoglobulins have been somewhat
helpful to children with MS who do not improve
after high dose corticosteroids (63-65).

Disease-modifying therapy

Immunomodulatory therapy may be used in
PMS but efficacy and tolerability data are extremely
limited, especially in children under the age of 10
years (60, 63-65, 7-73).

Interferon beta-1b (Betaseron/Betaferon) has
been used with good results in some studies (66-
68). In other studies, interferon beta-1a (Avonex
or Rebif) has been used, also with good results (69-
72). Glatiramer acetate (Copaxone) appeared to
be safe and well tolerated, with good results in PMS
(63,73,74).

There is no accepted definition of management
for progressive forms or poor responders in PMS.
The experience with immunosupressive agents
(cyclophosphamide, mitoxantrone, methotrexate
etc.) is not satisfactory and no conclusions regarding
its safety and eficacy in PMS can be made at this
time (60).

In patients whose initial episode includes ence-
phalopathy the use of disease-modifying therapy
(DMT) should be delayed until a second or third

attack with more typical MS features has occured
to avoid giving DMT to a child with ADEM or its
variants (60).

Symptomatic therapy

Initial management of spasticity utilizes daily
stretching and physical therapy. If stretching
exercises are insufficient, progressive titration of
antispastic medication can be considered. Baclofen
is the drug of choice for monotherapy. If the patients
do not tolerate baclofen, tizanidine, diazepam or
clonazepam can be used. All these drugs must be
utilized in pediatric doses and should be carefully
monitored. For patients resistent to the previously
mentioned antispasticticity interventions, selective
botulinum toxin A infections can be considered
(60,75-77).

Many children with MS complain of fatigue. A
study showed amantadine to be safe and efficient
in treating fatigue of PMS. If amantadine is not
effective, modafinil should be considered (60, 78,
79).

Until now, there are no studies regarding
treatment of tremor, ataxia, paroxistic symptoms,
cognitive or autonomic disturbances in children
with MS. For all those aspects the neurological
literature has appealed to the drugs used in adult
forms of MS (60).

CONCLUSIONS

The use of standardized definition for PMS
greatly facilitates clinical care and promotes a
platform for future researches (80).
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