Pediatric multiple sclerosis
Clinical features and outcome
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ABSTRACT

Multiple sclerosis (MS) in children manifests with a relapsing-remitting MS (RRMS) disease
course. Acute relapses consist of new neurologic deficits persisting greater than 24 hours, in
the absence of intercurrent illness, and occur with a higher frequency early in the disease as compared to adult-onset RRMS. Most pediatric patients with MS recover well from these early relapses, and cumulative physical disability is rare in the first 10 years of disease. Brainstem attacks,
poor recovery from a single attack, and a higher frequency of attacks portend a greater likelihood
of future disability. Although prospective pediatric-onset MS cohorts have been established in
recent years, there remains very limited prospective data detailing the longer-term clinical outcome of pediatric-onset MS into adulthood. Whether the advent of MS therapies, and the largely
off-label access to such therapies in pediatric MS, has improved prognosis is unknown. MS onset
during the key formative academic years, concurrent with active cognitive maturation, is an
important determinant of long-term outcome, and is discussed in detail in another article in this
supplement. Finally, increasing recognition of pediatric MS worldwide, recent launch of phase
III trials for new agents in the pediatric MS population, and the clear imperative to more fully
appreciate health-related quality of life in pediatric MS through adulthood highlight the need
for standardized, validated, and robust outcome measures. Neurology® 2016;87 (Suppl 2):S74–S81
GLOSSARY
ADS 5 acquired demyelinating syndrome; ARR 5 annualized relapse rate; BAEP 5 brainstem auditory evoked potentials;
CIS 5 clinically isolated syndrome; EDMUS 5 European Database for MS; EDSS 5 Expanded Disability Status Scale; FSS 5
functional system score; IPMSSG 5 International Pediatric Multiple Sclerosis Study Group; MEP 5 motor evoked potential;
MS 5 multiple sclerosis; MSFC 5 Multiple Sclerosis Functional Composite; OCT 5 optical coherence tomography; ON 5
optic neuritis; PASAT 5 paced auditory serial addition task; PedsQL 5 Pediatric Quality of Life Inventory; RNFL 5 retinal
nerve fiber layer; SDMT 5 Symbol Digit Modalities Test; SPMS 5 secondary progressive multiple sclerosis; SSEP 5 somatosensory evoked potentials; VEP 5 visual evoked potentials.
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The International Pediatric Multiple Sclerosis Study Group (IPMSSG) proposed a working definition for the diagnosis of multiple sclerosis (MS) in the pediatric age group1,2 that incorporates
the 2010 McDonald criteria for MS,3 and minor revisions to this definition are detailed in
“Consensus definitions for pediatric MS and other demyelinating disorders in childhood”
(p. S8). Reported incidence of pediatric MS is variable, possibly secondary to methodologic
and regional differences (table 1). Incidence ranges from 0.07 to 2.9 per 100,000 children.4,e1–e18
Early accurate diagnosis of MS in childhood is important for the overall management of physical,
cognitive, and quality of life issues. MS remains a diagnosis based on clinical findings, supported by
MRI, CSF, and other laboratory results, and is predicated on the exclusion of other disorders.
“Differential diagnosis and evaluation in pediatric inflammatory demyelinating disorders” (p. S28)
delineates disorders to consider in the differential of pediatric MS and describes key clinical features
that should prompt consideration of disorders other than MS. MRI features of disorders that may
mimic MS are illustrated in “MRI in the evaluation of pediatric multiple sclerosis” (p. S88).
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Table 1

Incidence or prevalence estimates of pediatric multiple sclerosis (MS)

Year of
publication
and ref.

Study design, population

Years

Study criteria

Pediatric MS, n

Incidence of pediatric MS per
100,000 children (95% CI)

2007e1

Prospective national survey,
Germany

1997–1999

ADS onset ,16 y

132

0.3; Age ,10: 0.1

20094

Prospective national survey,
Canada

2004–2007

ADS onset ,18 y

NS (219 ADS, includes 49 TM,
51 ON)

NS (all ADS 0.9; ADEM, TM,
ON each 0.2)

2010e2

Retrospective cohort,
Fukuoka, Japan

1998–2003

MS onset ,15 y

8

NS; prevalence 1.3

2011e3

Retrospective HMO-insured
cohort, Southern California

2004–2009

ADS onset ,18 y

25

0.51 (0.33–0.75)

2012e4

Retrospective cohort, Israel

1995–2009

MS onset ,18 y

84 MS (age ,12: 10)

2.7; Age ,12: 0.1 (0.0–0.31)

2012

Retrospective cohort,
Washington, DC

2004–2009

Acquired white matter
disorders ,18 y

27

0.41

2012e6

Prospective national survey,
Netherlands

2007–2010

ADS onset ,18 y

20

0.15

2014e7

Prospective national survey,
Germany

2009–2011

MS onset ,16 y with
correction for
underreporting

126; Corrected estimate 227
(12 , age 11; estimated 22)

0.64 (0.56–0.73, Corrected); age
,11: 0.09 (0.06–0.14)

2014e8

Prospective cross-sectional
cohort, Shiraz, Iran

2010–2012

ADS onset 1–18 y

32

0.07 (Estimated)

2015e9

Retrospective cohort, Kuwait

1994–2013

MS onset ,18 y

122

Incidence: 1994: 0.3, 2013: 2.9;
prevalence, 1994: 1.3, 2013: 6.0

2015e10

Retrospective cohort,
Northern Sardinia, Italy

2001–2012

MS onset ,18 y

21

Incidence: 2.85; prevalence: 26.92

e5

Abbreviations: ADEM 5 acute disseminated encephalomyelitis; ADS 5 acquired demyelinating syndrome; CI 5 confidence interval; HMO 5 health maintenance organization; NS 5 not stated; ON 5 optic neuritis; TM 5 transverse myelitis.

The present article focuses on the clinical
features of MS in children and adolescents,
summarizes the available literature on shortand longer-term neurologic outcome, and describes outcome measures that may serve as
valuable metrics to quantify MS in the pediatric age group.
DEMOGRAPHIC FEATURES MS onset is most frequent during adolescence but many series of pediatric MS report patients with symptom onset below
age 10 and sometimes as low as 2 years of age. MS
onset before 10–12 years of age is rare, accounting
for ,1% of all MS cases in nearly all populationbased series (table 2).5–8,e1–e18
Prospective pediatric MS series, published in
English since 2007 when the IPMSSG consensus definitions1 were first published, are summarized in
table 3. The studies include .1,100 patients from
Wales, North America, Iran, France, and Belgium
as well as 2 German national surveillance studies of
pediatric MS obtained 12 years apart.5,6,9,10,e1–e18
Notable is the female preponderance, with an
overall ratio of up to 4.5:1, and a mean age at onset
between 12 and 16 years. The female:male ratio is
lower in patients with younger onset MS (,10–12
years of age) with an even distribution or male predominance in some studies, although other studies

still report a higher number of female patients in the
younger age group.5,11,e1–e18 The potential for hormonal state to explain the marked rise in the proportion of female patients after age 12 years is
currently being explored, although analyses are challenged by the need to measure circulating hormones
at defined timepoints of the day. The role of hormonal influences on MS onset and disease course
across the age span is reviewed elsewhere.12 In a prospective longitudinal study of Canadian children
presenting for an acquired demyelinating syndrome
(ADS), girls with later age at menses were less likely
to be diagnosed with MS even after correcting for
older age at ADS onset.13 In a US cohort of female
pediatric patients with MS followed before, during,
and after menarche, individual relapse rates were
higher during the epoch of menarche (defined as
6 months before and after menarche) compared to
relapse rates postmenarche.14 Younger girls (at least
6 months prior to menarche) had a lower relapse rate
compared to girls within 6 months of menarche in
unadjusted models; however, there was no difference
after adjusting for exposure to disease-modifying
therapy.
CLINICAL
FEATURES
OF
DEMYELINATING EVENT An

THE

INITIAL

ADS may be the
first attack of MS, may occur as a monophasic illness,
or can be the initial manifestation of other CNS
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Table 2

Percentage of pediatric multiple sclerosis (MS) among all patients with MS in single-center or single-country cohorts

Year of publication
and ref.

Study type, population

Pediatric MS criteria

Pediatric MS, n

Adult-onset MS
(AOMS), n

% Pediatric
MS

% Onset
<10 y

1997e11

Retrospective cohort, Italy

Onset ,16 y

149

3,226

4.4

NS

2002

Retrospective cohort, Vancouver,
Canada

Onset ,16 y

129 (23 ,10 y)

3,583
(Extrapolated)

3.5

0.64

2002e12

Retrospective cohort, Italy

Onset ,16 y

83 (13 ,10 y)

793

9.5

1.6

e13

2006

Retrospective cohort, Belgium

Onset ,17 y

146

2,154

6.3

NS

5

2007

Prospective cohort, France, Belgium

Onset ,16 y

394 (30 ,10 y)

17,540

2.2

0.17

2009e14

Prospective cohort, Padova, Italy

Onset ,18 y

48

671 AOMS in
2003

6.7
Estimate

NS

20097

Retrospective cohort, Detroit, MI

Onset ,18 y

46

2,790

1.6

NS

2012e4

Retrospective cohort, Israel

Onset ,18 y

84 (10 ,12 y)

1,045

7.4

0.95

2012e15

Retrospective survey, Brazil

Onset ,18 y

125 (19 ,11 y)

2,165

5.5

0.87

8

6

2012

Prospective cohort, South Wales

Onset ,16 y

49 (10 ,10 y)

1,375

3.6

0.72

2012e16

Retrospective cohort, Venezuela

Onset ,18 y;
disease-modifying therapy,
therapy, insured

65 (13 ,10 y)

1,645

3.8

0.78

201222

Retrospective cohort, Iraq

Onset ,18 y

77 (7 ,10 y)

1,048

6.84

0.66

Prospective cohort, Southeast Wales

Onset ,18 y

111 (7 ,10 y)

2,068

5.1

0.34

10

2013

Abbreviation: NS 5 not stated.

demyelinating disorders. In the present article, we
focus solely on the presenting features of MS in
children.
The initial and highly variable clinical manifestations of pediatric MS have been reported in several
studies. Table 3 provides an overview of the clinical
presentations described in prospective studies since
2007, and table 4 summarizes differences between
pediatric- and adult-onset MS.5,6,9,10,e1–e18 Most children present with symptoms similar to those seen in
adult patients with relapsing-remitting MS, including
visual loss, paresthesias, weakness, ataxia, diplopia, or
urinary symptoms, localizing to the optic pathway,
brainstem, cerebellum, or spinal cord, either alone
or in combination. The initial attack in pediatric
MS often occurs as a monofocal clinical event: the
symptoms of the initial attack localize to one area of
the CNS in 54%–90% of pediatric cohorts.e1–e18
Younger children (younger than 10 years) are more
likely to manifest with brainstem involvement,5,11,15
and may present with polyfocal deficits and encephalopathy.4 Distinguishing the first attack of MS from
acute disseminated encephalomyelitis (reviewed in
“Acute disseminated encephalomyelitis: Updates on
an inflammatory CNS syndrome,” p. S38) is challenging in these patients, and it is notable that application of the 2010 McDonald criteria for MS
diagnosis specifically excludes the ability to diagnose
MS at the time of a first attack in patients with an
acute disseminated encephalomyelitis phenotype.3
In the last decade, several small studies have reported the occurrence of seizures in pediatric patients
S76
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with MS, with various frequencies (5%–16%), sometimes already occurring at disease onset.5,16 Seizures
are more common in polysymptomatic presentations.
Headache, fever, vomiting, lethargy, altered mental
status, and seizures together were seen in 7.4% of
394 children.5
DISEASE COURSE Both retrospective and prospectively collected cohorts demonstrate a relapsingremitting disease course in .98% of pediatric MS
cases. Primary progressive MS is reported to comprise
;15% of the adult MS population but less than 2%
of pediatric patients with MS in recent series.5 Children
who have a progressive course from onset of a MS-like
illness should undergo extensive assessment for alternative
diagnoses, such as mitochondrial, neoplastic, and
neurodegenerative disorders. A detailed discussion of
differential diagnosis of pediatric MS is found in
“Differential diagnosis and evaluation in pediatric
inflammatory demyelinating disorders” (p. S28).

Pediatric MS is characterized by frequent relapses in the first few years following onset
(defined as the first attack) compared to adult MS.
In a prospective study of 21 pediatric- and 110
adult-onset patients with MS, the annualized relapse
rate (ARR) after 3 years was 1.1 for the pediatric
patients compared to 0.4 in the adult MS group
(p , 0.001).17 The higher relapse rate in the
pediatric-onset group persisted when evaluated over
a 6-year period after disease onset in a larger cohort
(0.8 for 84 patients with pediatric MS vs 0.3 for adult
RELAPSE RATE
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NS

NS

13 (4)

NS

Abbreviations: NS 5 not stated; Sz 5 seizures.

2015

36

Prospective cohort, Russia

47

13.9 (11–17)

0.88

38 (18)

15 (7)

17 (8)

34 (16)

34 (16)

NS

48 (40)
5 (4)
NS

3 (1)
38 (12)

19 (16)
38 (32)

44 (14)
34 (11)

57 (48)
41 (34)

63 (20)
3.0

2.8

32

13.8

88

Prospective cohort, Shiraz, Iran

2014

2014e8

Prospective cohort, Northeast USA

14.4 (3.3–17.9)

9 (3)

1.8 (2)
NS
NS
53 (59)
NS
26 (29)
2.8
15.9 (4–17)
111
Prospective cohort, Southeast Wales

9

201310

1 (1)

23 (26)

NS

NS

10 (5)

46 (58)

0 (0)
6 (3)

NS
23 (29)

12 (6)
6 (3)

26 (33)
25 (32)

40 (20)
18 (9)

55 (69)
43 (54)

12 (6)
4.4

2.1
13.1 (7–15)

NS (4–15)
49

126
Prospective survey, Germany

Prospective cohort, South Wales

2013e7

2012

44 (27)
5 (3)
63
Prospective cohort, Canada

12.0

1.8

19 (12)

NS

NS

NS

NS

9 (6)

27 (13)
0

2011e18

6

35 (27)
16 (13 Sz)

29 (10)

9 (7)
6 (5)

13 (6)
52 (25)

12 (10)
10 (8)

38 (18)
19 (9)

28 (23)
4.5

2.8
14.4

14.1 (5–16)
82

48
Prospective cohort, Italy

Prospective cohort, Isfahan, Iran

2009e14

2007

NS

67 (88)
22 (29)
30 (40)
44 (58)
29 (38)
39 (51)
36 (47)
1.2
13 (3–15)
132
Prospective survey, Germany

e17

2007e1

1 (1)

22 (87)

NS

Polyfocal

7 (29)
Prospective cohort, France, Belgium
20075

394

13.7

3.2

23 (92)

38 (149 with long tract symptoms)

NS

17 (66)

NS

Altered mental
status or Sz
Urinary or
bowel
Oculomotor or cranial
nerve deficits
Coordination
difficulties
Weakness
Paresthesias

Clinical symptoms of the initial demyelinating attack in pediatric MS, % (n)

Visual loss
Sex ratio,
F:M
Mean age, y (range)
No.
Study design, country
Year of
publication
and ref.

Clinical features of pediatric multiple sclerosis (MS) in prospective studies published in English since 2007
Table 3

patients with MS, p , 0.001).9 Additionally, there was
a shorter interval between the first and second relapse
in the 84 pediatric patients with MS compared to 258
adult patients with MS (hazard ratio 1.74, 95%
confidence interval 1.32–2.29), even after diseasemodifying therapy use was taken into account.9
RELAPSE SEVERITY AND RECOVERY Compared
to adult MS, children and adolescents with MS may
experience more severe relapses but also recover more
fully. In a retrospective cohort single-center study
based in San Francisco,18 the following scoring
system was used to determine the severity of
attacks: mild (defined as a functional system scores
[FSS] of 0–1 in 3 or fewer domains, visual acuity
better than 20/40, or Expanded Disability Status
Scale [EDSS] 0–1.5), moderate (FSS of 2 in 2 or
fewer domains or an FSS of 1 in more than 3
domains, visual acuity 20/40–20/190, or EDSS 2–
2.5), or severe (exceeding the parameters for
moderate). Using these criteria, the initial
demyelinating attacks in 105 pediatric patients with
MS were classified as mild in 16%, moderate in 32%,
and severe in 53%. In comparison, only 17% of
initial attacks were severe in an earlier adult MS
cohort from the same center.19 Complete recovery
(defined as FSS 0 and EDSS 0) was attained in
two-thirds of pediatric patients with MS but only
46% of adults. In contrast, a Boston-based study of
pediatric and adult patients with MS with optic
neuritis (ON) as their first attack found no difference
in ON severity between adult patients with MS (n 5
253) and pediatric patients with MS (n 5 38).20
However, visual recovery 1 year later was better in
patients with pediatric MS compared to adults.
In Canadian patients with ADS identified and followed prospectively, all of the 59 children who were
confirmed to have MS recovered fully from their first
demyelinating event and continued to return to normal neurologic examinations despite 1–2 additional
relapses in 50% over the 4-year follow-up period.21
Three additional studies have also shown complete
recovery after a first attack of MS. Of 236 pediatric
patients with MS from the United Kingdom and Iraq
included in these 3 studies, 176 (75%) recovered fully
after the first event.6,10,22
African ancestry is often associated with increased
MS severity in North American adult patients with
MS. Similar observations were made in a Detroit
pediatric MS cohort in which patients with an African
American heritage (n 5 24, 83% female) had a higher
ARR of 1.8 in 42 months of follow-up compared to
white patients with ARR of 1.1 in 38 months of
follow-up (n 5 19).7 The higher ARR was not explained by age at onset or by lack of access to MS
therapies.
Neurology 87 (Suppl 2) August 30, 2016
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Table 4

Summary of the clinical features that distinguish pediatric multiple sclerosis (MS) from adult MS

Category

Description

Sex

In pediatric MS with onset less than 11 years, the female:male ratio is lower; a greater female preponderance occurs after puberty.

Clinical symptoms

A first attack of pediatric MS is typically monofocal. A polyfocal presentation is more common in the younger age group. The symptoms
of pediatric MS are similar to adults, although initial attacks affecting the brainstem are more common in pediatric MS.

Frequency of relapses

A higher annualized relapse rate occurs in pediatric MS compared to adult-onset disease.

Severity of relapses

Relapses are often categorized as severe (by Expanded Disability Status Scale, functional system scores, or visual deficits) in pediatric
MS compared to adult MS.

Clinical recovery after a first
event

Despite an increase in the severity of neurologic deficits at the time of relapse, most children completely or near-completely recover
from their first clinical attack.

Disability

Although the time to reach the threshold associated with irreversible neurologic damage may be longer in pediatric MS, significant
disability is accrued at a younger age. Once this point is reached, the period associated with progressive decline is similar between
pediatric and adult MS.

Outcome measures

The extrapolation of outcome measures used in adult randomized clinical trials to pediatric MS is challenged by increasing age and
ability as well as brain maturation over childhood and adolescence.

OUTCOME To date, the EDSS score has been utilized to quantify physical outcome in pediatric and
adult MS cohorts. The largest pediatric-onset MS
outcome data were abstracted from the European
Database for MS (EDMUS), which includes adults
with MS from France and Belgium. Analysis of
outcome was performed for 394 patients with age at
MS onset prior to 16 years, enrolled in the study
between 1976 and 1997 (and thus diagnosed with
MS using Poser criteria23) and followed through 2003.
Nearly 60% of these pediatric-onset patients with
MS had been exposed to one or more medications
including interferon-b, glatiramer acetate, azathioprine,
cyclophosphamide, or methotrexate at some point in
their disease course. Time to reach an EDSS of 4
(defined as having limited ability but able to walk
at least 500 meters without assistance or rest)
occurred approximately 20 years after the first
attack for pediatric-onset patients with MS, as
compared to adult-onset patients with MS, who
required only 8 years to reach this outcome. Once
an EDSS score of 4 was obtained, subsequent disease
progression was similar in pediatric and adult
patients with MS, with both groups progressing
from EDSS 4 to 7 (inability to walk .10 meters
without rest) in 12.2 years on average for both
pediatric- and adult-onset MS.5
Another population-based study in the United
Kingdom10 of 111 pediatric patients with MS (first
attack ,18 years) revealed similar times to EDSS
scores of 4, 6, and 8 as the EDMUS study. Incomplete recovery after a first clinical attack predicted an
early median time to reach an EDSS of 4 (13.5 years
in those with residual disability compared to 25.4
years in those with complete recovery from the first
attack) in the UK cohort, a finding also described in
another EDMUS study.24
Development of secondary progressive MS
(SPMS; defined in the EDMUS database as progressive neurologic impairment, with or without discrete
S78
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relapses) also took 10 years longer in pediatric MS,
occurring at a median of 28.1 years after the first
attack of pediatric MS compared to 18.8 years for
adult-onset patients, although the median age of the
person at SPMS onset was 10 years earlier in pediatric
patients with MS (41 years) vs adult MS (52 years).5
This study and others8,e1–e18 demonstrate that a longer
disease duration in pediatric MS is required to reach
irreversible disability defined using the EDSS or
a secondary-progressive disease course; however, outcomes by chronologic age are poorer compared to
adult patients with MS.
PROGNOSTIC FACTORS FOR CLINICAL DISEASE
SEVERITY A short interval (less than 1 year)

between the first 2 demyelinating episodes24 is associated with an increased risk of having a third attack
or reaching a disability status scale score $4. An
incomplete recovery after the first attack18 is also an
unfavorable prognostic factor associated with a greater
risk of having additional attacks with incomplete
recovery, thus increasing the risk of cumulative disability over time. Brainstem involvement at onset
portends a poor prognosis8 with a risk of secondary
progressive disease in the future more than 5 times
higher than in children whose initial attack affects
other brain regions (p 5 0.01).25
MEASURING CLINICAL DISEASE SEVERITY IN
PEDIATRIC MS To date, there are no evaluative tools

to quantify global disease severity validated specifically in the pediatric MS population. As discussed,
EDSS is a particularly insensitive metric for pediatric
MS evaluation, given that the accrual of physical disability in pediatric patients with MS occurs rarely
within the first years postonset. Other limitations of
the EDSS—specifically that is it a nonlinear, ordinal
scale heavily weighted on measures of gait—are
well-acknowledged for adult MS studies.26
Dynamic measures of physical, visual, and
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cognitive function may be more sensitive to the
subtle impairments that characterize pediatric MS.
The Multiple Sclerosis Functional Composite
(MSFC) was developed as an outcome tool for adult
clinical trials and aims to capture the relevant clinical
dimensions in MS (arm, leg, and cognitive function)
using quantifiable scales, namely the timed 25-foot
walk, 9-hole peg test, and paced auditory serial addition task (PASAT), respectively.27 However, the
MSFC has not been studied in pediatric MS, and it
is unknown whether the scores on these individual
scales would differ in children with MS from age- and
sex-matched healthy children. Although the 9-hole
peg test in children and a children’s version of the
PASAT (with numbers adding only up to 10) have
been performed in healthy children,28,29 normative
data for the timed 25-foot walk in children and adolescents are lacking and the short distance may not be
sensitive enough to distinguish children from healthy
controls. A more demanding active task, such as the
6-minute walk, may be required to detect early motor
impairment in pediatric patients with MS but would
require validation. In addition, longitudinal use of the
MSFC in children is further challenged by change in
the individual components of these scales that may
occur with increasing age and ability.
Identifying tools that are sensitive to detect the
subtle disability in pediatric MS and capture change
over time are also needed for pediatric therapeutic
MS trials. The IPMSSG recommends time to next
relapse or ARR be used as primary outcome measures
for randomized controlled trials.30 Secondary outcome measures could include the EDSS, cognitive
tests (such as the Symbol Digit Modalities Test
[SDMT]), optical coherence tomography (OCT),
and quality of life scales.
The SDMT has been proposed as a screening tool
for the detection of cognitive impairment in MS. In
pediatric MS (n 5 31) and healthy controls (n 5
32), the z score for the SDMT (comparing the raw
score to age- and sex-matched healthy children) correlated with a neuropsychological battery index z
score (an average of the z scores for individual tests
of general intellect, attention, verbal learning and
memory, visuomotor skills, executive function, language, and achievement) (r 5 20.47, p , 0.0001).31
The cognitive deficits in pediatric MS are described in
greater detail in “Pediatric multiple sclerosis: Cognition and mood” (p. S82).
Vision is frequently affected in MS, and visual outcome measures have been incorporated into adult
studies and clinical trials.32 The anterior visual pathway has been interrogated in pediatric MS using functional scales (such as low-contrast letter acuity) and
structural imaging (with OCT). While decreased lowcontrast letter acuity scores and retinal nerve fiber

layer (RNFL) thinning have been demonstrated in
pediatric patients with MS with a history of ON,33
there are conflicting data regarding the relationship
between deficits in low-contrast visual function and
retinal pathology in the eyes of children with MS
unaffected by a clinical attack of ON (MS non-ON
eyes).34,35 One study has shown preserved RNFL in
MS non-ON eyes,33 suggesting that OCT may capture only local thinning after ON. However, 2 other
studies have shown decreased RNFL in pediatric MS
non-ON eyes, suggesting that OCT might capture
a more global degenerative component of MS.34,35
Further validation of OCT as an outcome in pediatric
MS is needed.
Another tool used to interrogate the visual pathway is a neurophysiologic test, visual evoked potentials (VEP). VEP, as well as somatosensory evoked
potentials (SSEP) and brainstem auditory evoked potentials (BAEP), have been used primarily to identify
asymptomatic areas of demyelination. A prospective
study of pediatric patients with MS who underwent
ophthalmologic evaluation within 2 months of symptom onset identified unilateral ON in 38% (18 of 47)
but P100 latency was prolonged (.110 milliseconds)
in 58% (27 of 47), including 21% (10) with bilateral
involvement.36 One-third of patients with abnormal
VEP (9 of 27) had a normal eye examination and no
history of vision difficulty. These findings are consistent with a larger retrospective study of 85 pediatric
patients with MS with VEP, SSEP, and BAEP performed prior to a second clinical attack.37 Abnormal
evoked potentials (exceeding the mean reference values by .2.5 SDs) were found in 19 of 20 patients
(95%) with visual symptoms, 20 of 35 (57%) patients with sensory symptoms, and 13 of 28 (46%)
patients with brainstem symptoms. Pathologic VEP
were measured in 34% despite no identifiable history
of ON and normal visual acuity. Abnormal SSEP and
BAEP were found in 9% and 6%, respectively, of
patients without localizable symptoms to these regions. Overall, at least one pathologic evoked potential was found in 82% of these pediatric patients early
in their disease course. While clinical recovery is often
complete or close to baseline, these data suggest that
abnormalities persist and detectable pathology can be
still be measured. The prognostic implications for
abnormal evoked potentials in pediatric MS are
unknown. In 28 prospectively followed adult patients
with MS, combined VEP and motor evoked potentials (MEP, central motor conduction time for abductor digiti minimi and anterior tibial muscles)
predicated disability, as measured by the EDSS, after
20 years disease duration, accounting for age and
therapy status (p 5 0.01).38 In fact, VEP and MEP
predicted 58% of the variability in EDSS at year 20,
whereas the baseline EDSS or MRI features (number
Neurology 87 (Suppl 2) August 30, 2016
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of T2 hyperintense or gadolinium-enhancing lesions)
did not improve the prediction model. Similar studies
have not been performed in pediatric MS.
Two pediatric MS studies have reported lower
health-related quality of life, as measured using the
Pediatric Quality of Life Inventory (PedsQL) questionnaires, in early pediatric MS (mean or median disease duration ,2 years for both studies).39,40 The
greatest reductions in quality of life were detected
in the school domain, although physical and psychosocial function were also decreased compared to controls. The summary score for the PedsQL was 16
points lower in a cohort of patients with pediatric
MS (n 5 37) and patients with clinically isolated
syndrome (CIS, n 5 13) compared to sibling controls
(n 5 12, p 5 0.004).40 A higher EDSS predicted
a lower PedsQL score: a 1-point increase in EDSS
was associated with a 4.5-point decrease in total quality of life score (p 5 0.014). Parents also report
decreased health-related quality of life using the
PedsQL parent proxy in their children with MS or
CIS compared to their healthy children (22-point
difference, adjusted for age and sex, p 5 0.001).
A common complaint in both pediatric and adult
MS is fatigue. In a study of 51 pediatric patients with
MS, general fatigue scores using the PedsQL Multidimensional Fatigue Scale were mild (1–2 SDs below
age-matched normative data) in 24% and severe ($2
SDs less than normative reference ranges) in 32%.39
The proportion of patients with mild or severe cognitive fatigue (52%) was double the percentage with
mild or severe sleep-related fatigue (26%), although
both are likely to contribute to poor school performance. Parent scores detected a higher percentage of
cognitive fatigue (76%) in their children compared to
general and sleep-related fatigue (63% for each), and
parents scored their children’s fatigue as worse (more
often .2 SDs worse than their peers) compared to
their children’s self-report. Children should be
screened during routine neurologic visits for fatigue
since it is a disabling but often treatable symptom.
DISCUSSION The onset of MS during childhood or
adolescence follows a relapsing-remitting course with
frequent but typically recoverable relapses early in the
disease. Nonetheless, due to the early onset of their
disease, pediatric patients with MS are at risk to
become disabled in early adulthood. Whether current
therapies will mitigate this outcome is an area of
active research. Creation of robust tools to measure
disease severity in pediatric MS is a key imperative.
Importantly, collaborative multinational networks are
essential to more fully appreciate the spectrum of
clinical severity of pediatric MS, and to demonstrate
improvement in outcome achieved through therapeutic
immunomodulatory and neuroprotective strategies,
S80
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cognitive and physical rehabilitation, and psychosocial
and emotional supports.
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