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New Developments in Pediatric MS



Disclosures

• DSMB Biogen for 1 year pre-pandemic

• Almost every therapy we are discussing is off-label

• Only one of the disease-modifying therapies for multiple sclerosis has 
FDA approval for the pediatric age group

• No disease modifying therapies have been approved for NMO or MOGAD 
in children



Overview

1. Multiple sclerosis (MS)

2. Neuromyelitis optica spectrum disorder (NMOSD)

3. Myelin oligodendrocyte glycoprotein associated 
disease (MOGAD)



Multiple Sclerosis

 An acquired almost exclusively relapsing disorder mainly in teenagers 
(when looking at just under 18), but occurs at any age

 Relapses = neurological attacks > 24 hours

Vision 
Loss

Diplopia Weakness Numbness

Ataxia Vertigo Paraplegia



Diagnostic Tools
MRI brain contrast enhanced Lesion pattern

Cerebrospinal fluid OCB, IgG index

Serum studies Evaluate for mimicks

Evoked potentials
• visual, auditory, somatosensory

VEP for visual axis

Optical coherence tomography Retinal nerve fiber layer thinning

Neuropsychological testing Consistent profile

Newer measures CSF kappa free light chains
Serum/CSF neurofilament light chain

OCB = oligoclonal bands, VEP = visual evoked potential



Pathophysiology

https://health.howstuffworks.com/diseases-conditions/musculoskeletal/multiple-sclerosis1.htm

Outside-in hypothesis:
• Autoreactive T-cells cross 

into the CNS
• Trigger a targeted immune 

response
• Leading to destruction and 

loss of myelin tissue
• Exposing the underlying 

axon



13 year old girl with paraplegia

Axial T2 FLAIR MRI sequences of the brain



Genetic 
predisposition

• HLA-DR2 (DRB1-
1501)

Smoking

EBV infection

Obesity

Vitamin D 
deficiency

Gut 
Microbiome

MS Risk Factors



Revised McDonald criteria 2017 for CIS

MRI Dissemination in Space

• 1 or more T2 lesions in at least 2 out of 4 of the following regions:
– juxtacortical/cortical white matter

– periventricular white matter

– infratentorial white matter (i.e. brainstem and/or cerebellum)

– spinal cord

MRI Dissemination in Time

• A new T2 or GdE lesion on a follow-up MRI

• Simultaneous presence of asymptomatic GdE lesions and non-enhancing 
lesions

• Presence of CSF specific oligoclonal bands
Thompson et, Lancet Neurology, 2017

GdE = gadolinium (contrast) enhancing, CSF = cerebrospinal fluid



MS Care: Disease Modifying Therapies

Platform injectable therapies

– Interferon-beta

– Glatiramer acetate

Oral therapies

– Teriflunomide

– Dimethyl fumarate/diroximel fumarate/monomethyl fumarate

– S1PR:  fingolimod/siponimod/ozanimod/ponesimod

– Cladribine 

Intravenous therapies (infusions)

– Natalizumab

– B-cell depleters:  rituximab/ocrelizumab + ofatumumab subQ

– Alemtuzumab



New subtype of MS:  Myelocortical MS (MCMS)
 MCMS indistinguishable on MRI, only identifiable on biopsy

 12 of 100 postmortem donated brain samples had not experienced ‘white 
matter’ demyelination

 Had typical demyelinating lesions in the spinal cord and cerebral cortex, but 
lacking in the traditional white matter

 Normal densities decreased in 11 cortical layers in MCMS and only in 5 in 
classical MS – would expect the opposite cortical white matter demyelination 
was causing neurodegeneration

 Shows that neuronal loss may occur independently of white matter 
demyelination

 Not a new concept:  we know that MRI atrophy can precede a significant 
amount of white matter damage – but here is some pathological correlate

Trapp et al 2018 Lancet neurology 



Neuromyelitis optica spectrum disorder (NMOSD)

• Recurrent episodes of optic neuritis and/or transverse myelitis

• Specific antibody:  aquaporin-4

• a water channel abundant in the CNS brain-barrier

• Extended paradigm includes brainstem and diencephalic presentations

• Treatment may be indefinite 

• classically mycophenolate, azathioprine, or rituximab

• eculizumab IV – anti C5, blocks complement mediated destruction (98% vs 
63%)

• inebilizumab IV – anti-CD19

• satralizumab subQ – anti IL-6 receptor

Pittock SJ. Seminars in Neurology. 28(1):95-104, 2008.



NMO MRI features

long or multiple areas involved, typically posterior (intracranial 
portion) extending to chiasm

Optic Nerve

LETM, central predominant, enhancing, edema, atrophy, 
extending to brainstem

Spinal Cord

large, confluent subcortical/deep WM, long diffuse/edematous 
callosal

Cerebral

Thalamus, hypothalamus, periependymal (3rd ventricle)
Diencephalic

dorsal medulla (area postrema), unilateral or bilateral, 
extending to cervical spinal cord, internal capsule, or cerebral 
peduncle, highly enhancing

Brainstem



A/B Spinal

C Optic nerve

D Chiasm

E Area Postrema

F Mid Pons

G Periependymal (4th)

H Hypothalamic

I Deep White

J Deep White and 

Thalamic 



IPND 2015 NMOSD Criteria

 If antibody positive, needs one core feature

 If antibody negative, needs all below:

 2 different core features

 1 core feature must be ON, LETM, or APS

 dissemination in space (2 different core)

*along with 
typical MRI 
finding

Core 
Clinical 

Features



MOGAD

 Rising star in the past 7 years

 Predominantly children with episodes of steroid-responsive bilateral optic 
neuritis and transverse myelitis

 So has features of neuromyelitis optica, ADEM, and multiple sclerosis

 Accounts for some our relapsing optic neuritis (CRION) and relapsing 
myelitis cases

 Better prognosis than both MS and NMO, but severe cases have been 
seen



Presentations

Dubey JAM Neurology 2019, Kitley JAM Neurol 2014, Jarius J Neuroinflamm 2016, Sato 2014 Neurology 82, Bennett 2016 
Jnoptho 36), Kitley 2012 Neurol (79), Hong, Investig MRI. 2021 Sep;25(3):189-19



MOGAD imaging

Brain

 Dramatic cerebral and cerebellar peduncle lesions (Banks SA, JNNP 2020)

 Leptomeningeal and root enhancement (Fadda Neurol 2021)

Baumann et al 2014 JNNP 2014;86:265–72 Juryńczyk Practical Neurology 2019; 19:187-195 Haddad MSARD 2019; 34:14-16



Treatment

 Anecdotal and institutional advice

 International consensus – no treatment single event

 50 to 60% monophasic first 5 to 6 years, varies among cohorts

 Acute:  IV corticosteroids, PLEX or IVIg as needed 

 Adults most often treated with azathioprine, mycophenolate 
mofetil, and/or rituximab

 55% continue steroids for more than 3 months mostly in adult 
patients

 Pediatric MOGAD - monthly IVIG 1 g/kg most recommended

 When to stop???
JAMA neurology Hacohen


