
REVIEW
Management of pediatric multiple sclerosis

Lauren B Krupp1,2

1National Pediatric MS 
Center, Stony Brook, 
New York, USA
2State Brook University 
Medical Center, Department 
of Neurology, HSC T-12-033, 
Stony Brook, 
NY 11794-8121, USA
Lauren.krupp@
stonybrook.edu
part of

Keywords: diagnosis, 
glatiramer acetate, 
interferon-β, pediatric MS, 
treatment
10.2217/14750708.5.5.641 © 2
An increasing number of children and adolescents with multiple sclerosis are being 
identified and treated with disease-modifying therapies. As more rapid diagnosis is made 
possible due to the heightened awareness of pediatric multiple sclerosis among the 
pediatric and neurological communities, and the availability of MRI, the number of 
pediatric multiple sclerosis patients requiring treatment will grow over time. This review 
draws on information from adult and pediatric neurology sources and summarizes current 
available data on the management of pediatric multiple sclerosis.
Guiding principles in management
A number of factors are important in managing
children with multiple sclerosis (MS). One key
principle is that the differential diagnosis of
pediatric MS differs somewhat from adult MS. A
particularly challenging diagnostic concern is the
distinction between MS and acute disseminated
encephalomyelitis (ADEM) (Table 1). Addition-
ally, pediatric MS differs on some clinical fea-
tures from adult MS despite symptom overlap.
For example, a greater proportion of children
compared with adults have a relapsing–remitting
onset, and they transition more gradually to sec-
ondary progressive MS [1,2]. MRI findings are
less likely to fulfill Barkoff criteria [3,4] and these
differences are even more pronounced in chil-
dren less than 12 years of age [5,6]. Nonetheless,
despite some clinical distinctions between chil-
dren and adults, the underlying treatment prin-
ciples are similar. Early initiation of disease-
modifying therapy (DMT) is as important in
children as in adults, and appears to be well tol-
erated. In the majority of cases, full doses of the
different DMTs are possible following gradual
dose escalation. Symptom management is an
integral part of treatment and special awareness
should be given to the tendency of some young-
sters to under-report some important problems
such as bladder incontinence. Cognitive and aca-
demic problems are particularly challenging psy-
chosocial features of the disease. School
personnel need to be educated about the child’s
needs and special accommodations often have to
be considered. Finally, families should be reas-
sured that despite the relative rarity of pediatric
MS, they are not alone. A plethora of support
networks, particularly through the National
Multiple Sclerosis Society (NMSS), are available
to educate and assist families.

Definition 
An operational definition for pediatric MS put
forth by the International Pediatric MS Study
group has no lower age limit [7]. The criteria
require recurrent episodes of neurological dys-
function involving separate areas of the CNS,
with or without objective confirmation. An
attack must be at least 24 h in duration. After
the first event, either a new nonencephalopathic
event or a new lesion on MRI can satisfy the dis-
semination in time criteria. The International
Pediatric MS Study Group’s consensus criteria
for ADEM also made a clear distinction from
clinically isolated syndromes (CIS). ADEM is
multifocal and requires the presence of encepha-
lopathy. Variants of ADEM include recurrent
ADEM, in which two episodes more than
3 months apart have the same clinical symp-
toms as the initial episode, and multiphasic
ADEM, which is also characterized by two or
more episodes of ADEM, but the episodes have
different clinical symptoms from one another.
These variants are quite infrequent [5,8,9]. CIS
can be either monofocal or multifocal, but
according to the international consensus defini-
tion, lacks encephalopathy. One prospective study
showed these distinctions were useful prognostic
factors in the development of MS. Patients with
CIS were more likely to develop MS than those
with ADEM; 46 vs 8% [10]. However, others have
found that encephalopathy (a major distinction
between MS and ADEM) was not predictive of a
subsequent diagnosis of MS. Instead, distinguish-
ing monofocal and multifocal initial demyelin-
ating events was more relevant in predicting a
subsequent MS diagnosis [5]. One of the difficul-
ties regarding the distinctions between ADEM
and MS is that there is a subset of children, rang-
ing from 0–28%, with initial ADEM clinical
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Table 1. Common di

Clinical feature

Demographic profile

Encephalopathy

MRI

CSF pleocytosis

CSF oligoclonal bands

ADEM: Acute disseminated
features, but who develop subsequent neurologi-
cal events [11–13]. Increasingly, research is helping
better define which factors increase the likelihood
of MS following an initial demyelinating event.
In part, the international consensus definitions
have been useful in helping spur additional
studies to address this issue.

Differential diagnosis
Establishing a diagnosis of pediatric MS requires
exclusion of other potential etiologies. In some
instances the differential diagnosis can be very
difficult. As mentioned, the most challenging
differential diagnostic entity is ADEM. How-
ever, there are other conditions that should also
be excluded. For example, neuromyelitis optica
(NMO) must be excluded in patients with longi-
tudinally extensive spinal cord lesions and optic
neuritis. The differential diagnosis of pediatric
MS has been reviewed in detail elsewhere [14–16].
Table 2 summarizes some of the most common
diagnostic categories, representative disorders
and screening laboratory tests in the blood to
include in the evaluation.

Cerebrospinal fluid (CSF) collection is also nec-
essary in the work up. Many studies have found
that oligoclonal bands and elevated immunoglob-
ulin G (IgG) index are more common in patients
with subsequent demyelinating events and with
MS [5,17]. However, there is some overlap in their
relative frequency in MS and ADEM [8,11,18,19].
Nonetheless, CSF studies should include oligo-
clonal bands, IgG index, white and red cell count,
protein and glucose. CSF lactic acid helps screen
for metabolic disorders; angiotensin-converting
enzyme in serum and CSF tests for CNS sarcoido-
sis; and in hyperendemic areas for Lyme disease a
Lyme titer in serum and CSF is useful. In patients
with possible encephalitis, PCR for herpes virus,
cytomegalovirus, enterovirus and Epstein–Barr
virus are appropriate. 

Treatment with DMT
Prognostic features relevant 
to management
One unresolved question in pediatric MS man-
agement is whether to consider treatment with
DMT for children with a very high risk for MS.
Patients at risk for MS include those with CIS
who have monofocal disease, MRI features con-
sistent with Barkhof ’s criteria or lesions that are
discrete and are perpendicular to the corpus cal-
losum, positive oligoclonal bands and a positive
family history. Experience with treating adult
CIS with DMT has shown that this can delay
the MS diagnosis. The observations with inter-
feron (IFN)-β1b (Betaseron®) [20], IFN-β1a
intramuscular (Avonex®) [21] and IFN-β1a sub-
cutaneous (Rebif®) [22] all show a delay in reach-
ing the second MS defining relapse, as well as
favorably affecting MRI lesion burden. These
treatments should be given serious consideration
in older children with CIS with strong risk fac-
tors. Greater caution should be used in children
under the age of 10 years, as their clinical and
radiologic features can be less specific [5,6]. It is
unclear whether a controlled clinical trial will be
performed to answer the question of whether
treatment using DMT in CIS in children is
effective due to ethical concerns of withholding
therapy from individuals who might need it.

To assist in the decision of how early to treat
patients with established pediatric MS, incorpo-
ration of prognostic factors may be useful. Two
preliminary studies suggest that children with
MS who are African–Americans or of Hispanic
ethnicity may do worse or have a greater disease
burden on MRI [23,24]. Cases of pediatric MS
associated with a short duration between two
demyelinating events is also a potentially worri-
some prognostic sign [2]. Another consideration
influencing treatment is that while children
with MS transition more gradually to secondary

stinctions between ADEM and multiple sclerosis.

ADEM Multiple sclerosis

Females = males in frequency
Age 10 and under more common

Females outnumber males
Teenage years most common

Frequent Rare

Large (1–2 cm or more), less discrete, gray matter 
involvement, as well as white matter, enhancement 
common

More sharply defined white matter lesions, 
gray matter involvement rare, enhancement 
common

Often present Rare

Variable Frequent

 encephalomyelitis; CSF: Cerebrospinal fluid.
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Table 2. Evaluation 

Blood test

MRI of brain, cervical 

Chest x-ray 

ESR, C-reactive protei

ANA

CBC

B12, folate

TSH

Angiotensin-convertin

Genetic studies for mito
dysmyelinating disorder

Mitochondrial testing (N

NMO-IgG

Lyme titer

Mycoplasma titer

In the Blood test column, r
ANA: Antinuclear antibody
rate; IgG: Immunoglobulin
643www.futuremedicine.com

progressive MS, they reach disability levels such
as requiring ambulatory assistance at an earlier
age than adults [1,2]. 

Overview of DMT in established MS
Once the diagnosis is established and conveyed to
the family, issues related to treatment become the
next focus of management. Since almost all
patients in the childhood and adolescent age
groups present with relapsing MS, and since this is
the form of MS for which proven treatment is
available, educating the family regarding the
importance and benefits of DMT is a mainstay of
management. As shown in Table 3, each of the
first-line DMTs has been successfully given to
children and adolescents with few serious adverse
events, and has been associated with a decrease in
relapse rate on treatment compared with baseline.
However, none of the clinical experience pub-
lished on children and DMT are based on rand-
omized clinical trials. Hence, information on
treatment of pediatric MS with DMT is largely
from small samples and from extrapolation of the
treatment studies in adult MS. 

The concept of regular injections is difficult for
many children (and adults), and parents may
struggle with the idea of administering injections
to their child. Extensive training with qualified MS
nurses can help parents and children adapt to the
injections and facilitate use of proper techniques.

In our experience, younger children tend to cope
well with injections. Many teenagers quickly learn
how to administer the injections independently;
others have compliance issues. The auto injector,
available for IFN-β1b subcutaneous, IFN-β1a
subcutaneous and glatrimer acetate (GA), is fre-
quently preferred, but in some children (and occa-
sionally in teens or adults) the clicking noise can
be bothersome.

IFN-β1a intramuscular (Avonex®)
IFN-β1a intramuscular at a dose of 30 µg once
weekly is usually well tolerated in children with
MS. In the largest study to date, a total of
53 children under the age of 16 were started on
therapy and followed for a mean of
43 ± 20 months [25]. Of this group, 19 discon-
tinued treatment. Reasons for discontinuing
were most often due to a switch to what was con-
sidered a more effective therapy (n = 13). The
most common adverse events were similar to
adults, and included flu-like symptoms (33%),
headache (29%) and myalgia (21%). Laboratory
abnormalities were in most cases transient and
most commonly included leukopenia, which in
one patient, due to persistent abnormality, led to
discontinuation. Overall, persistent adverse
events developed in only 8%. For the total group
there was a drop in annual relapse rate from pre-
treatment to during therapy of 1.9 to 0.4 [25].

of suspected pediatric multiple sclerosis. 

Conditions to evaluate in differential diagnosis

and thoracic spinal cord CNS mass lesion, e.g., lymphoma; and test also provides measure of MS 
burden of disease

Inflammatory disorders: e.g., sarcoidosis, Wegners granulomatosis

n Vasculitis, e.g., CNS angitis

SLE

Anemia e.g., macrocytic anemia from vitamin deficiency

Vitamin deficiency associated with white matter changes in CNS

Thyroid disorders, e.g., Hashimoto thyroiditis

g enzyme Sarcoidosis

chondrial and 
s

Onset of progressive cognitive decline associated with other neurologic deficts 
including peripheral nervous system dysfunction, e.g., metachromatic 
leukodystrophy 

otch 3 mutations) Stroke-like episodes and migraine (CADASIL)

Optic nerve or spinal cord involvement, prominent features, 
e.g., neuromyelitis optica 

In endemic areas or early-summer onset

Mycoplasma infection

outine tests are bolded – otherwise the tests are applicable for specific clinical presentations only.
; CADASIL: Cerebral autosomal dominant arteriopathy; CBC: Complete blood cell count; ESR: Erythrocyte sedimentation 
 G; NMO: Neuromyelitis optica; SLE: Systemic lupus erythematosus; TSH: Thyroid-stimulating hormone.
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Similar positive treatment effects with IFN-β1a
intramuscular were noted in a small placebo-
controlled study (n = 16), which showed
improvement in IFN-β1a intramuscular relative
to placebo over a 48-month period [26]. Others
have also found good tolerability and an
improved relapse rate with treatment [27,28].

Dosing
No published information is available on the
dosing of IFN-β1a intramuscular in the pediatric
age range. However, the standard adult dose of
30 µg, intramuscular once per week has been
used effectively even in some children aged
10 years and under. In our experience, a slow
gradual titration of IFN-β1a intramuscular is
usually best tolerated. Depending on the age of
the child, we have used the following schedule:
5 µg × 2–4 weeks, 10 µg × 2–4 weeks and,
finally, the full dose of 30 µg (the volume to be
injected depends upon whether the prefilled or
lyophilized form is being used). The same injec-
tion sites used for adults can be used in children.
In one case where the family of a 5-year-old girl
misunderstood the instructions and on the first
day of treatment injected a full dose, marked
vomiting occurred for the duration of a day.
Once the titration schedule was initiated, she
tolerated the medication well, but because of her
small size did not go beyond a half dose.

IFN-β1a subcutaneous (Rebif®)
Interferon-β1a subcutaneous has been adminis-
tered to MS patients in the pediatric age range
with good effect. Among 51 children under the
age of 16 years started on IFN-β1a subcutaneous
therapy, treatment was well tolerated [29]. Six
patients withdrew due to adverse events, two
patients due to injection phobia and one from
suspected lack of efficacy. The mean annual
relapse rate decreased from 1.9 prior to initiation
of therapy to 0.8. Adverse events on treatment
were usually mild flu-like symptoms (65%) and
laboratory changes similar to those reported in
adults, which included elevated transaminases
(35%) and leukopenia (27%) [29]. Smaller stud-
ies of IFN-β1a subcutaneous have also noted
good tolerability [25,28,30].

In a study of 24 children with a mean age of
9 years who were treated for an average of
40 months, IFN-β subcutaneous was associated
with two serious adverse events (arthritis and
suicide attempt). More commonly, side effects
are minor. Among the 24 children studied, these

included flu-like symptoms (58%), myalgia
(17%) and injection-site reactions (75%) [30].
Expanded Disability Status Scale (EDSS) was
decreased among children aged under 10 years
during therapy compared with pretreatment lev-
els [30]. In the author’s experience, the one seri-
ous adverse event that developed was with a
teenager who continued to self-inject in an area
of skin breakdown, developing a severe cellulitis
that ultimately required skin grafts. Fortunately,
the vast majority of children do extremely well
with IFN-β subcutaneous However, as is the
case for all therapies, close monitoring of com-
pliance and adverse events, as well as laboratory
testing, is necessary.

Dosing
The standard dose for IFN-β1a subcutaneous
for children can be the same as adults: 44 µg
three-times a week with a minimum of 48 h
between each dose. However, one study used
22 µg three-times a week with good tolerabil-
ity. The dosing schedule of IFN-β1a subcuta-
neous is somewhat simplified by the
availability of different sized doses. For chil-
dren, dependent on their age, we escalate at
8.8 µg three-times a week × 2–4 weeks, 22 µg
three-times a week × 2–4 weeks and 44 µg
thereafter at three-times a week.

Interferon β 1b subcutaneous (Betaseron®)
A multicenter collaborative effort to examine
experience with IFN-β1b subcutaneous was com-
pleted among 43 individuals who all began ther-
apy prior to their 18th birthday [31]. There were
no serious adverse events. Flu-like symptoms
(35%), elevated liver function tests (25%) and
injection-site reactions (21%) were the most fre-
quent side effects. Most of the side effects were
similar to those seen in adult MS patients. Only
one patient discontinued treatment due to an
adverse event: an injection-site reaction. However,
some patients switched to different therapies or
failed to continue therapy due to poor adherence
or continued disease progression [31]. 

This overall positive experience regarding
ability to tolerate IFN-β1b subcutaneous is also
supported by a case report [32]. For example,
one 7-year-old boy who experienced multiple
relapses between the ages 3 and 7 years who
started IFN-β1b subcutaneous tolerated the
medication well. No subsequent relapses
occurred during the 3-year follow-up period
and there were no serious adverse events [32].
645www.futuremedicine.com
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Dosing
The standard dose of IFN-β1b subcutaneous is
1.0 cc of 8 million IU, self-administered every
other day. It is important to titrate gradually and
to monitor for adverse events and laboratory
changes during this process. One approach is to
begin a dose of 0.25 cc (2 million IU) × 2–4 weeks
followed by 0.5 cc (4 million IU) × 2–4 weeks, fol-
lowed by 0.75 cc (6 million IU) × 2–4 weeks and
then titrated to full dose. The same injection sites
used for adults can be used in children. There are
no known drug interactions with the IFNs. The
concurrent use of steroids and symptomatic thera-
pies were not associated with adverse events in any
of the clinical trials.

Glatiramer acetate (Copaxone®)
Glatiramer acetate (GA) represents another treat-
ment option, which has an advantage in that it
does not require laboratory monitoring and is not
associated with flu-like symptoms as a possible
adverse event. However, this advantage is some-
what counterbalanced by the need for daily sub-
cutaneous administration and, as with the IFNs,
there exists a possibility of injection-site reactions.
In a web-based survey of MS patients, supported
by Teva Neuroscience, MO, USA, 96 subjects
reported they were 18 years or younger. Of these
96 individuals, 84 (88%) were prescribed a DMT.
GA was the most frequently prescribed medica-
tion in 51% of respondents, followed by IFN-β1a
intramuscular (28%). Only one patient on GA
reported discontinuation due to side effects. A
total of 86% of individuals were started on DMT
within 6 months of diagnosis [33].

In a study of seven patients aged 9–16 years
who were treated with GA, all tolerated the med-
ication well at standard doses and without escala-
tion. A total of two out of seven remained
relapse-free during a 2-year follow-up period
while on treatment. The median pretreatment
relapse rate of 4 (range: 2–6) dropped to 1 (range:
0–4) the year following treatment, and to 0
(range: 0–4) in the subsequent year [34]. In
another study examining children on different
DMTs, there were seven patients treated with GA
who were under the age of 16 years [35]. In this
group, the annual relapse rate decreased from 2.5
to 1.0 after a mean treatment duration of
14.7 months [35]. The experience with GA is less
well documented in pediatric MS compared with
the other DMTs. However, the adult experience
is informative. In controlled clinical trials of
adults, the most commonly observed adverse
experiences associated with the use of GA were:

injection site reactions, vasodialation, chest pain,
asthenia, infection, pain, nausea, arthralgia, anxi-
ety and hypertonia. These side effects have also
been reported in children. 

Dosing
Dosing of GA for children is the same as adults
at 1 cc subcutaneous (20 mg) daily, and can be
initiated at full dose from the onset of treat-
ment. There are no known drug interactions
with GA. The concurrent use of steroids and
symptomatic therapies were not associated with
adverse events in the pivotal clinical trials. GA
is contraindicated in patients with known
hypersensitivity to GA or mannitol. 

Breakthrough disease 
Unfortunately, some children treated with first-
line DMTs experience breakthrough disease and
need to be switched to either another first-line
treatment or to second-line therapies. In a pre-
liminary study of 164 treated children, 25% had
breakthrough disease. Of these, eight children
were switched to chemotherapy, two went on
natalizumab (Tysabri®) and two were treated
with pulse intravenous immunoglobulin [36].

Experience with natalizumab (Tysabri®)
There are only anecdotal reports regarding the use
of natalizumab in pediatric MS. A 12-year-old
who had not responded to DMT experienced a
decrease in relapse frequency with natalizumab
[37]. In open discussions during the Teen Adven-
ture Weekend for MS, out of 42 teen campers
who were less than 18 years of age with MS, five
had been treated with natalizumab. One came off
therapy due to either an infusion or hyper-
sensitivity reaction. The other youngsters reported
that they tolerated treatment without complica-
tion and felt well with the therapy. Nonetheless,
this second-line treatment must be used with great
caution until further information has accrued
regarding safety. At the time of this review, out of
the approximate 30,000 adults with MS who have
been treated with natalizumab, four cases of pro-
gressive multifocal leukoencephalopathy (PML)
have developed, of which two have been fatal.

Management of acute attacks
Children with MS in the midst of an acute
relapse can be successfully treated with cortico-
steroids. Steroid therapy is most appropriate
when the relapse is associated with sufficient
neurological impairment to interfere with daily
activities. Usual doses of methylprednisolone are
Therapy (2008)  5(5) future science groupfuture science group
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10–30 mg/kg up to a dose of 1000 mg adminis-
tered intravenously once daily in the morning for
3–5 days. However, in adults with MS, oral pred-
nisone may be as effective as intravenous
treatment [38]. High-dose prednisone seems very
effective in managing acute relapses [39]. High-
dose oral prednisone (up to 1200 mg/day) has
also been found to have good bioavailability com-
pared with intravenous therapy [40]. High-dose
prednisone as an alternative to intravenous ster-
oids has not yet been studied in pediatric MS.
Adverse effects of steroids are most likely to
develop after prolonged use and include insom-
nia, mood disturbance, hyperglycemia and hyper-
tension. Prolonged steroid use can also possibly
retard growth in youngsters. Attention to the pos-
sibility of acute psychosis is also important.
Despite its long-term risks, short courses of ster-
oid therapy are reasonably safe and well tolerated
by most children. 

Plasmapheresis is a reasonable alternative when
intravenous steroids fail to improve a severe
relapse. The use of this modality is based on its
success in some adult cases [41].

Treatment with plasmapheresis for steroid
unresponsive severe relapses in pediatric MS is a
consideration, as plasmapheresis can be safely
given to children with other immune-mediated
disorders [42]. Among children in whom it is diffi-
cult to wean off steroids, one approach is to
administer pulse intravenous immunoglobulin at
a dose of 0.4 g/kg × 5 days and to continue 1 day
per month at 0.4 g/kg. This therapeutic approach
has been studied in only small samples of ADEM
and its variants [43,44]. 

Symptom management
There are no specific studies of symptomatic
management in pediatric MS. Therefore, most of
the following suggestions are either based on
adult studies or anecdotal reports. Most of the
common MS symptoms associated with adult MS
also occur in children [45]. These include prob-
lems with fatigue, cognitive impairment, mood
disturbance, paroxysmal spasms, bladder/bowel
dysfunction and motor impairments.

Fatigue
Fatigue is a consistent problem and has been
reported in 40–70% of pediatric MS patients
[46,47]. A fatigue scale designed for children and
adolescents showed that over half the children
with pediatric MS reported fatigue and three-
quarters of their parents described fatigue in
their children [48]. Using the fatigue severity scale

(FSS), the frequency of fatigue was lower in chil-
dren with MS [47]. However, the FSS was devel-
oped for adults and is likely to be less sensitive in
pediatric MS. Fatigue can be severe and can
interfere with completing homework, perform-
ing well in school and getting to classes in a
timely fashion. While there are no studies
addressing treatment of fatigue in pediatric MS,
there are a few clinical trials examining the effi-
cacy of fatigue therapies in adults with
MS [49–54]. The most numerous address the role
of amantadine, but a recent Cochrane database
review concluded that there is inadequate data to
address the efficacy of amantadine for
fatigue [55]. Studies concerning modafinil have
yielded conflicting results [56,57]. However, given
the frequency of sleep problems in MS, it is not
surprising that this agent might be effective for
some patients with MS fatigue. Nonpharmaco-
logic approaches include exercise, conservation
of energy, improved sleep hygiene and reschedul-
ing the more demanding academic activities in
the early morning when fatigue is often less
severe. On the other hand, keeping children and
teens socially engaged and involved in sports
activities to the extent possible are important to
self image. Often, parents need reassurance that
sports are appropriate for MS. 

Cognition
Cognitive problems are another major concern
for children. In the earliest study addressing this
issue, duration of disease was associated with
greater impairments [58]. In a comprehensive
study of 63 pediatric MS patients and 57 healthy
controls, 53% of the MS group failed at least
two tests, and 31% failed three tests. These
results showed significant cognitive dysfunction
in pediatric MS relative to healthy controls [47].
Another study showed that approximately a
third of children with pediatric MS had deficits
relative to normative samples [59]. The most
prominent deficits among children with MS are
memory, complex attention and executive func-
tion, a pattern of cognitive impairment similar
to the deficits of adults with MS [47,59]. However,
unlike adults, the affected children also have
impairments in linguistic abilities [47,59]. One
analysis of cognitive impairments in pediatric
MS found no clinical predictors of cognitive def-
icit other than IQ. Others have noted that cogni-
tive impairment was associated with disease
duration, relapse frequency and EDSS [58,59].
Comprehensive longitudinal studies are required
to determine the progression of cognitive deficits
647www.futuremedicine.com
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in children and the effect, if any, of DMT.
Unfortunately, one small study of children on
DMT found that declines over short periods
such as 1–2 years are common [60]. 

There are few studies demonstrating consistent
benefits with either pharmacologic or nonphar-
macologic interventions for cognitive deficits in
adults. However, no studies have been done in
children. For example, among adults, a rand-
omized control clinical trial demonstrated that
donepezil (Aricept®) 10 mg/day was associated
with improved memory [61]. Whether or not such
treatment should be considered in cognitively
impaired children is unknown. Cognitive reha-
bilitation has shown some benefits on overall cog-
nitive functioning in adults [62] with MS, but has
not been studied in children.

Depression
Mood disorders are another issue, which requires
special attention. In a subset of 12 patients who
underwent psychiatric evaluation, almost half
were diagnosed with depression or an anxiety dis-
order [59]. However, using self-report measures
others have found low levels of depressive symp-
toms in children [47]. Overall, healthcare providers
should be attentive to changes in school perform-
ance and the possibility of depression or anxiety.
The use of antidepressant therapy has not been
examined in children with pediatric MS, but has
been studied in children with major depression
[63]. The one agent with the most consistent bene-
fit is fluoxetine. The usual dose ranges from
10–40 mg [63]. The other selective serotonin
reuptake inhibitors (SSRIs) have shown less con-
sistent results [63]. While there is a risk of suicide in
teenagers treated for depression, the risk of
untreated depression is also severe. Some untreated
as well as treated children are severely depressed to
the point of expressing suicidal ideation and have
required psychiatric hospitalization. 

Urinary/bowel dysfunction
Urinary dysfunction is a critical issue for indi-
viduals with MS, affecting both adults and
children of both genders. Among children par-
ticipating in open discussions regarding their
MS, many admitted they were reluctant to dis-
close this problem to their healthcare providers.
Special awareness and specific questioning are
important in assessing the problem. As
reviewed elsewhere, 32–97% of adults with MS
experience symptoms of urinary dysfunction,
which are most often detrusor and sphincter

disorders [64]. These symptoms most often
appear on average 6 years after the onset of the
disease (range: 5–9.5 years) [64]. Doses for medi-
cations commonly used in adults are oxybutynin
(Ditropan®) 5–10 mg everyday, twice daily as
needed. Tolterodine (Detrol®) 2–4 mg everyday,
twice daily as needed and solifenacin succinate
(Vesicare®) 5 mg daily.

Bowel problems can be treated with a bowel
training regimen which includes taking a food
diary to see which foods trigger a problem.
Sometimes a laxative taken in the morning can
allow a patient to set a morning time to elimi-
nate. This would then permit the patient to
function normally the remainder of the day.
Patients should avoid caffeine, spicy foods and
fried foods. Carbonnated beverages should also
be avoided as they can cause flatulence. Anti-
cholinergic medication can be a consideration in
selected cases. 

Spasticity
Spasticity is a problem that can be addressed with
multidisciplinary treatment. Physical therapy and
exercise are helpful in adults and should be con-
sidered for children as well. In children, oral
baclofen (0.36–1.5 mg/kg), can be used in MS, as
well as those with other neurological disorders.
However, very young patients have a risk of sei-
zures [65]. The experience of intrathecal baclofen
in patients with cerebral palsy (25–50 µg/day) is
in general positive, and in severely spastic MS
children might be a consideration in those failing
oral baclofen [66]. Another oral therapy effective
for spasticity is tizanidine (2–24 mg/day).

Paroxsymal spasms
Paroxsymal spasms are most typically character-
ized by trigeminal neuralgia and can occur in chil-
dren with MS as they can in adults. For trigeminal
neuralgia, the most consistently effective medica-
tion in adults with the disease is carbamazepine
[67]. The pediatric dose is 10–35 mg/kg/day.
Other agents used successfully include gabapentin
10–50 mg/kg/day, tizanidine or baclofen.

Motor impairments
Motor problems are common in pediatric MS.
Physical therapy and exercise are the main thera-
peutic interventions. In adults, the medication
fampridine sustained release (SR) has been asso-
ciated with improved walking speed and strength
[68]. This medication is still experimental and has
not been studied in children.
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Supporting the family
Multiple sclerosis affects the entire family
including the parents, siblings and grand-
parents. Support, education and reassurance is
needed by both the parents and patient. We
believe that the diagnosis should be shared
with both the parents and the patient regard-
less of the age. There are a variety of different
support systems available to assist in breaking
the diagnosis to the family. Educational mate-
rials available through the National Multiple
Sclerosis Society (NMSS) include Children get
MS too: A guide for parents, Children and Teens
with MS: A Network for Families and Mighty
Special Kids – an activity book for children with
MS. More information, additional services and
online networking for parents and teens are
available at the website of the NMSS [101] or by
phone (+1 866 – KIDS WMS [866 543
7967]). Additional information can also be
found at the National Pediatric MS Center
Website [102].

Conclusion
Pediatric MS is a chronic disorder that requires
early intervention and a multidisciplinary

treatment approach. The management includes
educating and reassuring the family, using med-
ications to modify the disease course and
addressing the daily symptoms and psychosocial
consequences of the disease. Most children
appear to do reasonably well and do not develop
a progressive course until decades later [2]. How-
ever, ongoing support and assistance in transi-
tioning to adulthood as the children become
older are all elements of the treatment.
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Executive summary

• Establishing the correct diagnosis is essential, as well as considering those prognostic factors for a 
multiple sclerosis (MS) diagnosis following an acute demyelinating event.

• Disease-modifying therapy is well tolerated and appears effective despite the lack of controlled clinical 
trials in pediatric MS.

• Attention should be given to the consequences of cognitive impairments and the management of 
MS-associated symptoms.
Bibliography
Papers of special note have been highlighted as of 
interest (•) or of considerable interest (••) to readers.
1. Boiko A, Vorobeychik G, Paty D, 

Devonshire V, Sadovnick D: Early onset 
multiple sclerosis: a longitudinal study. 
Neurology 59, 1006–1010 (2002).

2. Renoux C, Vukusic S, Mikaeloff Y et al.: 
Natural history of multiple sclerosis with 
childhood onset. N. Engl. J. Med. 356, 
2603–2613 (2007).

•• Comprehensive comparison of adult and 
pediatric multiple sclerosis (MS) and 
evaluation of rates of progression for each 
age group.

3. Barkhof F, Filippi M, Miller DH et al.: 
Comparison of MRI criteria at first 
presentation to predict conversion to 
clinically definite multiple sclerosis. Brain 
120(Pt 11), 2059–2069 (1997).

4. Hahn CD, Shroff MM, Blaser SI, 
Banwell BL: MRI criteria for multiple 
sclerosis: evaluation in a pediatric cohort. 
Neurology 62, 806–808 (2004).

5. Neuteboom RF, Boon M, 
Catsman Berrevoets CE et al.: Prognostic 
factors after a first attack of inflammatory 
CNS demyelination in children. Neurology 
DOI 10.1212/01.wnl.0000316193.89691.e1 
(2008) (Epub ahead of print).

• Informative examination of which factors 
best predict MS diagnosis after a first acute 
demyelinating event.

6. Castillo T, Chabas D, Waubant E: MS 
Onset before puberty: a distinct MRI. 
Neurology 70, A134 (2008).

7. Krupp LB, Banwell B, Tenembaum S: 
Consensus definitions proposed for 
pediatric multiple sclerosis and related 
disorders. Neurology 68, S7–S12 (2007).

• Addresses operational definitions for MS, 
acute disseminated encephalomyelitis, 
neuromyelitis optica, clinically isolated 
syndrome for facilitating discussion and 
triggering research.

8. Tenembaum S, Chamoles N, Fejerman N: 
Acute disseminated encephalomyelitis: 
a long-term follow-up study of 84 pediatric 
patients. Neurology 59, 1224–1231 (2002).

9. Mikaeloff Y, Caridade G, Husson B, 
Suissa S, Tardieu M: Acute disseminated 
encephalomyelitis cohort study: prognostic 
factors for relapse. Eur. J. Paediatr. Neurol. 
11, 90–95 (2007).

10. Dale RC, Pillai SC: Early relapse risk 
after a first CNS inflammatory demyelination 
episode: examining international consensus 
definitions. Dev. Med. Child Neurol. 49, 
887–893 (2007).
649www.futuremedicine.com



REVIEW – Krupp 
11. Dale RC, de Sousa C, Chong WK, Cox TC, 
Harding B, Neville BG: Acute disseminated 
encephalomyelitis, multiphasic disseminated 
encephalomyelitis and multiple sclerosis in 
children. Brain 123(Pt 12), 2407–2422 
(2000).

12. Leake JA, Albani S, Kao AS et al.: Acute 
disseminated encephalomyelitis in childhood: 
epidemiologic, clinical and laboratory features. 
Pediatr. Infect. Dis. J. 23, 756–764 (2004).

13. Mikaeloff Y, Adamsbaum C, Husson B 
et al.: MRI prognostic factors for relapse 
after acute CNS inflammatory 
demyelination in childhood. Brain 127, 
1942–1947 (2004).

•• Thorough review of pediatric MS, 
including a detailed section on diagnosis, 
prognosis and treatment experience.

14. Banwell B, Ghezzi A, Bar-Or A, 
Mikaeloff Y, Tardieu M: Multiple sclerosis 
in children: clinical diagnosis, therapeutic 
strategies, and future directions. Lancet 
Neurol. 6, 887–902 (2007).

15. Hahn JS, Pohl D, Rensel M, Rao S; 
Group International Pediatric MS Study 
Group: Differential diagnosis and evaluation 
in pediatric multiple sclerosis. Neurology 68, 
S13–S21 (2007).

16. Chitnis T: Pediatric multiple sclerosis. 
Neurologist 12, 299–310 (2006).

17. Mikaeloff Y, Suissa S, Vallee L et al.: 
First episode of acute CNS inflammatory 
demyelination in childhood: prognostic 
factors for multiple sclerosis and disability. 
J. Pediatr. 144, 246–252 (2004).

18. Hynson JL, Kornberg AJ, Coleman LT, 
Shield L, Harvey AS, Kean MJ: Clinical and 
neuroradiologic features of acute 
disseminated encephalomyelitis in children. 
Neurology 56, 1308–1312 (2001).

19. Pohl D, Rostasy K, Reiber H, Hanefeld F: 
CSF characteristics in early-onset multiple 
sclerosis. Neurology  63, 1966–1967 
(2004).

20. Kappos L, Traboulsee A, Constantinescu C 
et al.: Long-term subcutaneous interferon 
β-1a therapy in patients with 
relapsing–remitting MS. Neurology 67, 
944–953 (2006).

21. Jacobs L, Rudick R, Simon J: Extended 
observations on MS patients treated with 
IM interferon-β1a (Avonex): implications 
for modern MS trials and therapeutics. 
J. Neuroimmunol. 107, 167–173 (2000).

22. Comi G, Filippi M, Barkhof F et al.: 
Effect of early interferon treatment on 
conversion to definite multiple sclerosis: 
a randomised study. Lancet 357, 1576–1582 
(2001).

23. Krupp LB, McLinskey N, Troxell RM et al.: 
Racial and ethnic findings in pediatric MS: 
an update. Neurology 70, A135 (2008).

24. Chabas D, Pesic M, McCulloch C, Erlich K, 
Strober J, Waubant E: Pediatric MS onset: 
a distinct phenotype influenced by 
ethnicity? Neurology 70, A136 (2008).

25. Ghezzi A, Amato MP, Capobianco M et al.: 
Treatment of early-onset multiple sclerosis 
with intramuscular interferonβ-1a: long-term 
results. Neurol. Sci. 28, 127–132 (2007).

26. Pakdaman H, Fallah A, Sahraian MA, 
Pakdaman R, Meysamie A: Treatment of 
early onset multiple sclerosis with 
suboptimal dose of interferon β-1a. 
Neuropediatrics 37, 257–260 (2006).

27. Waubant E, Hietpas J, Stewart T et al.: 
Interferon β-1a in children with multiple 
sclerosis is well tolerated. Neuropediatrics 32, 
211–213 (2001).

28. Mikaeloff Y, Moreau T, Debouverie M et al.: 
Interferon-β treatment in patients with 
childhood-onset multiple sclerosis. 
J. Pediatr. 139, 443–446 (2001).

29. Pohl D, Rostasy K, Gartner J, Hanefeld F: 
Treatment of early onset multiple sclerosis 
with subcutaneous interferon β-1a. 
Neurology 64, 888–890 (2005).

30. Tenembaum SN, Segura MJ: Interferon 
β-1a treatment in childhood and juvenile-
onset multiple sclerosis. Neurology 67, 
511–513 (2006).

31. Banwell B, Reder AT, Krupp L et al.: Safety 
and tolerability of interferon β-1b in pediatric 
multiple sclerosis. Neurology 66, 472–476 
(2006).

32. Adams AB, Tyor WR, Holden KR: Interferon 
β-1b and childhood multiple sclerosis. Pediatr. 
Neurol. 21, 481–483 (1999).

33. Krupp L, Pardo L, Vitt D: Clinical features 
and disease-modifying therapy experience in 
paediatric multiple sclerosis. Multiple Sclerosis 
10, S178–S178 (2004).

34. Kornek B, Bernert G, Balassy C, Geldner J, 
Prayer D, Feucht M: Glatiramer acetate 
treatment in patients with childhood and 
juvenile onset multiple sclerosis. 
Neuropediatrics 34, 120–126 (2003).

35. Ghezzi A, Amato MP, Capobianco M et al.: 
Disease-modifying drugs in childhood-juvenile 
multiple sclerosis: results of an Italian
 co-operative study. Mult. Scler. 11, 420–424 
(2005).

• One center’s experience with all the 
disease-modifying therapies.

36. Yeh EA, Ness J, Weinstock-Guttman B et al.: 
Breakthrough disease in pediatric MS patients: 
a pediatric network experience. Multiple 
Sclerosis (2008) (In press).

37. Borriello G, Prosperini L, Luchetti A, 
Pozzilli C: Natalizumab treatment in 
pediatric multiple sclerosis: a case report. 
Eur. J. Paediatr. Neurol. DOI 
10.1016/j.ejpn.2008.01.007 (2008) 
(Epub ahead of print).

38. Barnes D, Hughes RA, Morris RW et al.: 
Randomised trial of oral and intravenous 
methylprednisolone in acute relapses of 
multiple sclerosis. Lancet 349, 902–906 
(1997).

39. Martinelli V, Pulizzi A, Annovazzi P et al.: 
A short-term MRI study comparing high-
dose oral versus intravenous 
methylpredisolone in MS relapse. 
Neurology 70, A83–A84 (2008).

40. Morrow SA, Stoian CA, Dmitrovic J, 
Chan SC, Metz LM: The bioavailability of IV 
methylprednisolone and oral prednisone in 
multiple sclerosis. Neurology  63, 1079–1080 
(2004).

41. Weinshenker BG, O’Brien PC, Petterson TM, 
Noseworthy JH: A randomized trial of plasma 
exchange in acute central nervous system 
inflammatory demyelinating disease. Ann. 
Neurol. 46, 878–886 (1999).

42. Duzova A, Bakkaloglu A: Central nervous 
system involvement in pediatric rheumatic 
diseases: current concepts in treatment. Curr. 
Pharm. Des. 14, 1295–1301 (2008).

43. Hahn JS, Siegler DJ, Enzmann D: 
Intravenous-γ globulin therapy in recurrent 
acute disseminated encephalomyelitis. 
Neurology 46, 1173–1174 (1996).

44. Nishikawa M, Ichiyama T, Hayashi T, 
Ouchi K, Furukawa S: Intravenous 
immunoglobulin therapy in acute 
disseminated encephalomyelitis. Pediatr. 
Neurol. 21, 583–586 (1999).

45. Krupp LB, Rizvi SA: Symptomatic therapy for 
underrecognized manifestations of multiple 
sclerosis. Neurology 58, S32–S39 (2002).

46. MacAllister WS, Krupp LB: Multiple 
sclerosis-related fatigue. Phys. Med. Rehabil. 
Clin. N. Am. 16, 483–502 (2005).

47. Amato MP, Goretti B, Ghezzi A et al.: 
Cognitive and psychosocial features of 
childhood and juvenile MS. Neurology 70, 
1891–1897 (2008).

48. MacAllister W, Milazzo M, Troxell RM et al.: 
Fatigue and quality of life in pediatric multiple 
sclerosis. Ann. Neurol. 60, S39 (2006).

49. Murray TJ: Amantadine therapy for fatigue 
in multiple sclerosis. Can. J. Neurol. Sci. 12, 
251–254 (1985).

50. Krupp LB, Coyle PK, Doscher C et al.: 
Fatigue therapy in multiple sclerosis: results 
of a double-blind, randomized, parallel trial 
of amantadine, pemoline, and placebo. 
Neurology 45, 1956–1961 (1995).
650 Therapy (2008)  5(5) future science groupfuture science group



Management of pediatric multiple sclerosis – REVIEW
51. The Canadian MS Research Group. 
A randomized controlled trial of amantadine 
in fatigue associated with multiple sclerosis. 
Can. J. Neurol. Sci. 14, 273–278 (1987).

52. Rammohan KW, Lynn DJ: Modafinil for 
fatigue in MS: a randomized placebo-
controlled double-blind study. Neurology 65, 
1995–1997; author reply 1995–1997 (2005).

53. Zifko UA, Rupp M, Schwarz S, Zipko HT, 
Maida EM: Modafinil in treatment of fatigue 
in multiple sclerosis. Results of an open-label 
study. J. Neurol. 249, 983–987 (2002).

54. Weinshenker BG, Penman M, Bass B, 
Ebers GC, Rice GP: A double-blind, 
randomized, crossover trial of pemoline in 
fatigue associated with multiple sclerosis. 
Neurology 42, 1468–1471 (1992).

55. Pucci E, Branas P, D’Amico R, Giuliani G, 
Solari A, Taus C: Amantadine for fatigue in 
multiple sclerosis. Cochrane Database Syst. 
Rev. CD002818 (2007).

56. Rammohan KW, Rosenberg JH, Lynn DJ, 
Blumenfeld AM, Pollak CP, Nagaraja HN: 
Efficacy and safety of modafinil (Provigil) 
for the treatment of fatigue in multiple 
sclerosis: a two centre Phase 2 study. 
J. Neurol. Neurosurg. Psychiatry 72, 
179–183 (2002).

57. Stankoff B, Waubant E, Confavreux C 
et al.: Modafinil for fatigue in MS: 
a randomized placebo-controlled 
double-blind study. Neurology 64, 
1139–1143 (2005).

58. Banwell BL, Anderson PE: The cognitive 
burden of multiple sclerosis in children. 
Neurology 64, 891–894 (2005).

59. MacAllister WS, Belman AL, Milazzo M 
et al.: Cognitive functioning in children and 
adolescents with multiple sclerosis. 
Neurology 64, 1422–1425 (2005).

60. MacAllister WS, Christodoulou C, 
Milazzo M, Krupp LB: Longitudinal 
neuropsychological assessment in pediatric 
multiple sclerosis. Dev. Neuropsychol. 32, 
625–644 (2007).

61. Krupp LB, Christodoulou C, Melville P, 
Scherl WF, MacAllister WS, Elkins LE: 
Donepezil improved memory in multiple 
sclerosis in a randomized clinical trial. 
Neurology 63, 1579–1585 (2004).

62. O’Brien AR, Chiaravalloti N, Goverover Y, 
Deluca J: Evidenced-based cognitive 
rehabilitation for persons with multiple 
sclerosis: a review of the literature. Arch. 
Phys. Med. Rehabil. 89, 761–769 (2008).

63. Cheung AH, Emslie GJ, Mayes TL: The use 
of antidepressants to treat depression in 
children and adolescents. CMAJ 174, 
193–200 (2006).

64. de Seze M, Ruffion A, Denys P, Joseph 
PA, Perrouin-Verbe B: The neurogenic 
bladder in multiple sclerosis: review of the 
literature and proposal of management 
guidelines. Mult. Scler. 13, 915–928 
(2007).

65. Hansel DE, Hansel CR, Shindle MK et al.: 
Oral baclofen in cerebral palsy: possible 
seizure potentiation? Pediatr. Neurol. 29, 
203–206 (2003).

66. Sgouros S, Seri S: The effect of intrathecal 
baclofen on muscle co-contraction in 
children with spasticity of cerebral origin. 
Pediatr. Neurosurg. 37, 225–230 (2002).

67. Gronseth G, Cruccu G, Alksne J et al.: 
Practice parameter: the diagnostic 
evaluation and treatment of trigeminal 
neuralgia (an evidence-based review). 
Report of the Quality Standards 
Subcommittee of the American Academy 
of Neurology and the European Federation 
of Neurological Societies. Neurology DOI 
10.1212/01.wnl.0000326598.83183.04 
(2008) (Epub ahead of print).

68. Goodman AD, Cohen JA, Cross A et al.: 
Fampridine-SR in multiple sclerosis: a 
randomized, double-blind, placebo-
controlled, dose-ranging study. Mult. Scler. 
13, 357–368 (2007).

Websites
101. National Multiple Sclerosis Society – 

Pediatric (child) MS
www.nationalmssociety.org/pediatricms

102. National Pediatric MS center 
www.pediatricmscenter.org/default.aspx
651future science groupfuture science group www.futuremedicine.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


