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ABSTRACT

In light of the published 2012 International Pediatric Multiple Sclerosis Group definitions for
pediatric multiple sclerosis (MS) and related disorders and given that pediatric-onset MS is
now formally included in the 2010 McDonald criteria for MS, we sought to review these criteria
and summarize their application in children with acquired CNS demyelination. In addition, proposals are made for definitions of no evidence of disease activity and inadequate treatment
response that are important because of new therapeutic options and trials. Neurology® 2016;87
(Suppl 2):S8–S11
GLOSSARY
ADEM 5 acute disseminated encephalomyelitis; ARR 5 annualized relapse rate; CIS 5 clinically isolated syndrome; DIS 5
dissemination of inflammatory lesions in space; DIT 5 dissemination of inflammatory lesions in time; EDSS 5 Expanded
Disability Status Scale; IPMSSG 5 International Pediatric Multiple Sclerosis Study Group; MOG 5 myelin oligodendroglial
glycoprotein; MS 5 multiple sclerosis; NEDA 5 no evidence of disease activity; NMO 5 neuromyelitis optica; RIS 5 radiologically isolated syndrome.

The International Pediatric Multiple Sclerosis Study Group (IPMSSG) proposed definitions for
pediatric multiple sclerosis (MS), acute disseminated encephalomyelitis (ADEM), neuromyelitis
optica (NMO), and clinically isolated syndromes (CIS) to facilitate research providing consistency in terminology.1 In 2012, these definitions were revised to incorporate advances in
research and to include components of the 2010 revision of the McDonald criteria.1,2 The
cornerstone of a diagnosis of MS, both in adults and children, is the demonstration of dissemination of inflammatory lesions in space (DIS) and in time (DIT) in association with clinical
symptoms consistent with acquired CNS demyelination and after the careful exclusion of
numerous differential diagnoses. Incorporation of the 2010 McDonald criteria (that in addition
to confirming relapsing-remitting MS diagnosis on the basis of new clinical or MRI disease
activity over time, also permit MS diagnosis at the time of a first clinical MS attack if the MRI
fulfils specific DIS and DIT criteria) to the revised IPMSSG definitions facilitated earlier
diagnosis of pediatric MS and provided inclusion criteria for new therapeutic trials (table).
Our aim is to review application of the 2012 IPMSSG definitions in pediatric cohorts with
acute demyelinating syndromes, discuss clinical scenarios that do not conform to the current
definitions, suggest concepts regarding definition of adequate and inadequate treatment responses, and consider future research directions.
EVALUATIONS OF 2012 IPMSSG AND 2010 MCDONALD CRITERIA TO DIAGNOSE MS IN
CHILDREN Clinically isolated syndromes. Five reports evaluated the accuracy of the 2010 McDonald criteria

to diagnose MS in children, with similar results despite methodologic differences.3–7 At time of first CIS, after
application of the 2010 McDonald criteria to the initial brain MRI, the diagnosis of MS was met in 53%–63%
of the children who subsequently developed a clinical relapse. DIT was less frequently present at initial brain
MRI than DIS, which was observed in more than 80% of children. Interestingly, the inclusion of spinal cord
imaging did not increase accuracy of MS diagnosis.4,6 A follow-up MRI performed at 3 months, demonstrating
new lesions, increased the identification of MS to 84%–100% of children who later had clinical relapse.4,6
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Table

Summary of 2012 International Pediatric Multiple Sclerosis Study Group
definitions for pediatric multiple sclerosis (MS) and immune-mediated
CNS demyelinating disorders1

Pediatric clinically isolated syndrome (CIS) (all are required)
A clinical CNS event with presumed inflammatory demyelinating cause.
Absence of a clinical history of CNS demyelinating disease (if any, see pediatric MS).
No encephalopathy except as readily explained by fever.

at 3 months3,6 suggest that this time interval is both
efficient (most patients will be recognized) and safe
(treatment will not be excessively delayed). As such,
we recommend a repeat MRI 3 months after a diagnosis of pediatric CIS.
3. Other diagnosis such as vasculitis might fulfil DIS
and DIT criteria: a clinically relevant history is
mandatory to diagnose MS.

Criteria for MS diagnosis on baseline MRI are not met.
Pediatric acute disseminated encephalomyelitis (ADEM) (all are required)
A first polyfocal, clinical CNS event with presumed inflammatory demyelinating cause.
An encephalopathy that cannot be explained by fever.
No new clinical or MRI findings 3 months or more after onset.
Brain MRI is abnormal during the acute (3 months) phase with typically diffuse, poorly
demarcated large lesions involving predominantly the cerebral white matter.
Pediatric MS (any of the following)
Two or more CIS separated by more than 30 days involving more than one area of CNS.
One CIS associated with MRI findings consistent with criteria of dissemination in space (DIS)
and in which a follow-up MRI shows at least one new lesion consistent with dissemination in
time (DIT) criteria.
One ADEM attack followed by 1 CIS 3 or more months after symptom onset that is associated
with new MRI findings consistent with criteria for DIS.
A CIS whose MRI findings are consistent with criteria for DIS and DIT (at least 1 T2 lesion in at
least 2 of 4 areas: spinal cord, infratentorial, juxtacortical, and periventricular [DIS] associated
with a simultaneous presence of asymptomatic gadolinium-enhancing and nonenhancing
lesions [DIT] if the patient is $12 years old) (revision proposed).
Pediatric neuromyelitis optica (revised: See “Neuromyelitis optica sectrum disorders in children
and adolescent” on page S59.)

Three points are discussed:
1. The 2012 IPMSSG criteria (but not the Mc Donald 2010 criteria) required an age of 12 years or
older for applying DIS and DIT criteria to diagnose MS at the time of the initial CIS.1 However,
subsequent studies3–6 found that MS diagnostic
criteria at CIS are applicable in younger children,
provided that clinicians are aware that 2010
McDonald criteria have a lower positive predictive
power and a higher false-positive rate.5 Documentation of new lesions on serial images or evidence
of clinical relapses is strongly supportive of an MS
diagnosis in all patients.
2. The fulfilment of DIS and DIT: DIS criteria are
not specific for MS, nor sufficient for MS diagnosis in absence of a clinically relevant history, even
in patients who accrue new lesions on serial MRI
scans. The diagnosis of MS should also not be
made, even if lesions are numerous on the baseline
scan, in absence of radiologic signs of DIT
(enhancing and nonenhancing clinically silent lesions at baseline or a single new T2 lesion or
enhancing lesion on a scan performed more than
30 days from baseline).2 In daily clinical practice,
it has not yet been established when it is best to
repeat an MRI after a first CIS for clinically stable
patients. Two studies on follow-up MRI performed

Acute disseminated encephalomyelitis. In children presenting with ADEM (in whom the presence of multiple
lesions is likely to meet DIS and the presence of enhancing and nonenhancing lesions would also meet DIT), the
criteria for a MS diagnosis using baseline DIT and DIS
imaging criteria are not appropriate.5 As an ADEM-like
attack is the first MS event in only 5%–15% of
children,1 the diagnosis of MS in such children
requires a second non-ADEM attack as well as either
further MRI findings of clinically silent new lesions or
a third attack also not meeting criteria for ADEM.
Radiologically isolated syndrome (RIS). RIS refers to individuals with incidental MS-typical MRI findings in
whom clinical history or signs of MS are lacking. The
following adult criteria8 are believed to be appropriate
for pediatric RIS but should be validated:

1. MRI showing ovoid, well-circumscribed, and
homogenous T2 hyperintensities fulfilling at least
3 Barkhof criteria (at least 1 gadoliniumenhancing lesion or 9 T2-hyperintense lesions;
at least 1 infratentorial lesion; at least 1 juxtacortical lesion; at least 3 periventricular lesions).
2. No historical account of remitting symptoms of
neurologic dysfunction indicating MS.
3. MRI findings do not account for symptoms for
which the individual was imaged.
4. MRI findings are not better explained by another
disease process.
In adults, male sex and an MRI lesion in the spinal
cord increase the likelihood that RIS will be associated with a subsequent clinical attack9 but data are
lacking for children. Published experience of pediatric
RIS is limited to 5 cases (2–13 years): none developed
a clinical event during 5–15 years of follow-up.10 The
prevalence of cognitive deficits in children with RIS is
unknown but worthy of investigation as adults with
RIS have a cognitive profile similar to those with
remitting-relapsing MS.11
CNS-directed antibodies as potential biomarkers for
distinct demyelinating disease phenotypes. The identifi-

cation of anti-aquaporin 4 antibodies as a relevant
biomarker for neuromyelitis optica spectrum
disorders emphasizes the potential for antibodies to
aid in the diagnosis of CNS inflammatory disorders.
Key considerations for antibodies as biomarkers include
Neurology 87 (Suppl 2) August 30, 2016
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(1) fidelity with clinical features (see chapter 9); (2)
persistent detection if such persistence distinguishes
a specific disorder from transient immune recognition
of multiple CNS antigens; and (3) pathogenicity of the
antibodies within the CNS (required if the antibodies
are thought to contribute to the disease directly). The
assays used to measure antibodies must also be
carefully validated (the increased sensitivity of cellbased assays now used for detection of aquaporin-4
antibodies emphasizes this point).
Anti–myelin oligodendroglial glycoprotein (MOG)
antibodies have been detected in 18%–35% of children with a first acute episode of inflammatory demyelination12–14 (see “Immunopathophysiology of
pediatric CNS inflammatory demyelinating disease”
on page S12). The transient detection of anti-MOG
antibodies is more frequent in children at onset of
ADEM, optic neuritis, and relapsing optic neuritis,
and anti-MOG positivity predicts a non-MS disease
course.13–16 MOG-positive children have clinical and
radiologic features typical for ADEM and elevated lymphocyte counts in CSF, suggesting a high degree of
inflammation.16,17 Persistence of anti-MOG antibodies
has been associated with MS, although fewer than 25%
of pediatric patients with MS have detectable antiMOG antibodies.12 Demonstrating the pathogenicity
of anti-MOG antibodies and following larger cohorts of
pediatric patients who have been tested for them are
needed for the presence of MOG antibodies to serve as
a disease-specific biomarker and to guide patient care.
DEFINITION OF NO EVIDENCE OF DISEASE
ACTIVITY (NEDA) IN PEDIATRIC MS With multiple

effective MS therapies, NEDA has become an MS
treatment goal.18,19 Whether the definition of inactive
disease should focus solely on inflammatory disease
activity or also include brain volume changes, cognition, or other measures remains unresolved.20–22
Defining the more global aspects of MS effect, such
as the effect on brain growth, is even more challenging for pediatric than adult MS, since estimations of
pathologic brain volume changes during development
will require complex algorithms that incorporate expected physiologic brain growth.23,24 Incorporating the
effects of MS on cognitive development is also difficult.25 Although specific pediatric NEDA criteria are
still under development, the authors agree that the
following elements are critical—absence of new,
enlarging, or enhancing lesions on MRI; clinical relapses; and confirmed disability progression—and suggest
that consideration be given to preservation of ageexpected global and regional brain growth and to
age-expected cognitive maturation and function.
Clinical
relapse remains the gold standard metric for
DEFINITION OF TREATMENT RESPONSE
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relapsing-remitting MS disease activity, and is
a required primary endpoint for Food and Drug
Administration–supported clinical trials in MS.
Treatment-naive pediatric patients with MS have an
annualized relapse rate of 0.9–3.2 in the first 2 years
following the first attack and of 0.5–0.8 in the next 3–5
years.26,27 Assuming that first-line disease-modifying
therapies in children should provide a reduction in
relapses similar to the 30%–40% observed in adults,
a treatment goal would be to initially achieve an
annualized relapse rate (ARR) lower than 0.6 relapses
per year (or roughly 1 relapse over the first 2 years of
disease) and #0.35 between years 2–5 post disease
onset.26,27 Treatment benefit in adult MS trials often
includes absence of sustained Expanded Disability
Status Scale (EDSS) increase. This metric is less
appropriate in pediatric-onset MS as EDSS rarely
worsens during the first 10 years following disease
onset.28 Reduction in new T2-bright or gadoliniumenhancing T1-dark lesions on MRI is another possible
measure of treatment benefit that can be used in
children since a serial MRI study of pediatric patients
with MS showed a mean of 9 new lesions 6 months
following the first attack.29
A proposed definition for an inadequate treatment
response (in a fully compliant patient) is an increase
or lack of reduction in ARR, 2 or more gadoliniumenhancing lesions on MRI or accrual of more than
2 new lesions when compared to the pretreatment
period, and 2 or more confirmed relapses within
a 12-month period or less.30
Cognitive impairment, fatigue, and emotional
health are important MS symptoms that should be
considered when deciding to start or change MS
treatment.
PERSPECTIVES We propose to incorporate in
IPMSSG criteria the 2010 McDonald criteria for
MS for children of all ages when MRI-defined DIT
and DIS requirements for MS are present at the
first attack provided the sentinel event is consistent
with acute demyelination and the attack does not
conform to the criteria of ADEM. All other
definitions are unchanged, except for the NMO
spectrum disorders (See “Neuromyelitis optica
sectrum disorders in children and adolescent” on
page S59). Future goals are to better define reliable
prognostic markers to define subgroups of patients
and better understand and measure the degenerative
component of MS in children, particularly in
reference to cognitive functioning, age-expected
brain growth, and diffuse neural networks.
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