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The spectrum of demyelinating disorders
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1.66 per 100,000 in a population-based cohort of Southern Californian 

children
Langer-Gould A et al. Neurology 2011;77:1143-8

0.9 per 100,000 in Canadian children
Banwell B et al. Neurology 2009;72:232-9

0.66 per 100,000 per year in the Netherlands 
Ketelslegers IA et al. J Neurol 2012;259:1929-35

0.66-2.85 per 100,000 per year

In Italy, 400-1700 new cases per year

INCIDENCE OF ADS

2.85 per 100,000 for pediatric-MS cases in Sardinia
Dell’Avvento S et al. Eur J Pediatr. 2016;175:19–29.



1. Paediatric Acute Disseminated Encephalomyelitis Syndrome (ADEM)

2. Paediatric MS

3. Paediatric Clinically Isolated Syndrome (CIS) 

4. Paediatric Neuromyelitis optica (NMO) 



PAEDIATRIC ADEM diagnostic criteria (all are required) 

Krupp et al. Mult Scler. 2013;19(10):1261-7



PAEDIATRIC MS diagnostic criteria  

(can be satisfied by any of the following)

>30 

days

With 

DIS
+  DIT

+  DIS
>3 

months

With DIS + DIT

Krupp et al. Mult Scler. 2013;19(10):1261-7





PAEDIATRIC CIS DIAGNOSTIC CRITERIA (all are required) 

Krupp et al. Mult Scler 2013;19(10):1261-7

 A monofocal or polyfocal, clinical CNS event with presumed 

inflammatory demyelinating cause

 Absence of a prior clinical history of CNS demyelinating disease (e.g. 

absence of past optic neuritis [ON], transverse myelitis [TM] and 

hemispheric or brain-stem related syndromes)

 No encephalopathy (i.e. no alteration in consciousness or behaviour) 

that cannot be explained by fever

 The diagnosis of MS based on baseline MRI features are not met



PAEDIATRIC NMO DIAGNOSTIC CRITERIA

Optic neuritis

Acute myelitis

At least two of three supportive criteria: 

1. Contiguous spinal cord MRI lesion extending over 

three vertebral segments 

2. Brain MRI not meeting diagnostic criteria for MS 

3. Anti-aquaporin 4 IgG seropositive status 

2014: new definition according to anti-aquaporin status

Krupp et al. Mult Scler 2013;19(10):1261-7
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1- patients with ADEM fail to have a self-limited disease course and experience additional 

relapses and accumulate MRI lesions.  Subsequently, these patients are reclassified as MS

ADEM vs paediatric MS

2- some patients with MS can have an hyperacute onset,  resembling ADEM

MS

96

ADEM

119

focal

81

baseline (follow up 2.93.0 ys) final diagnosis

MS

168

ADEM

85

focal

43

80

34

38

(Mikaeloff et al. 2004)

first attack features other features of disease course







Typical features ADEM MS

Demographic More frequent in young patients 

(aged <10-12 years); 

no gender predilection

More frequent in adolescents;

girls more affected than boys

Prior flu-like illness Very frequent Variable

Symptoms

▪ Seizures 

▪ Encephalopathy

▪ Discrete event

Variable 

Required in definition 

A single event can fluctuate over 

the course of 12 weeks

Rare 

Rare early in the disease 

Discrete events separated by 

>4 weeks

MRI:

▪ Large lesions involving gray 

and white matter

▪ Enhancement 

• Longitudinal MRI findings 

Frequent 

Frequent 

Lesions typically either resolve or 

show only residual findings*

Rare

Frequent

Typically associated with 

development of new lesions

CSF 

▪ Pleocytosis

▪ Oligoclonal bands

Variable

Variable

Rare, white blood cell count 

almost always <50

Frequent

* A subset of patients with ADEM fail to have a self-limited disease course and experience 

additional relapses and accumulate MRI lesions.  Subsequently, these patients are reclassified as 

MS

ADEM vs paediatric MS

Krupp et al. Neurology. 2007;68(16 Suppl 2):S7-12.



The role of MRI in identifying subjects at risk of MS

Verhey et al. Lancet Neurol 2011;10:1065-73

The role of T2 and T1 hypointense lesions

The diagnostic and prognostic role of CSF examination
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MS NMO







Anti-myelin oligodendrocyte glycoprotein antibodies in pediatric patients with 

optic neuritis. Rostasy K. et al. Arch. Neurol. 2012, 69:752-6.

 37 patients 18 years or younger with single or recurrent episodes of ON

 High titers of MOG-IgG antibodies were more frequently observed in 12 of the 15 

patients with recurrent episodes of ON

 High-titer MOG-IgG antibodies are predominantly detected in pediatric patients with 

recurrent ON, indicating that anti-MOG-specific antibodies may exert a direct role in 

the pathogenesis of ON in this subgroup

Acute disseminated encephalomyelitis followed by recurrent or monophasic 

optic neuritis in pediatric patients. Rostasy K.  et al. Mult. Scler. 2012 

 7 patients with a with monophasic or recurrent ADEM followed by ON 

 Cranial magnetic resonance imaging (MRI) was typical for ADEM with complete or 

almost complete resolution of lesions on follow-up. 

 Cerebrospinal (CSF) studies were negative for oligoclonal bands (OCBs) in all. 

 In all patients high titers for serum anti-MOG antibodies were detected.

 ADEM followed by ON is a rare but distinct clinical phenotype among pediatric patients?







Hachoen, Baveno 2017 modif.



NMO LETM ON ADEM

MOG + AQP4 + Abs -

ADULT

PAED

Hachoen, Baveno 2017 modif.



sindrome anti-MOG vs NMOSD

- Più giovani

- Minore predominanza femminile

- NO più frequentemente bilaterale rispetto a NMOSD-AQP4Abs+

- Edema papillare più frequente

- Minor rischio di ricadute e minor accumulo di disabilità

- Anormalità MRI meno frequenti

- Lesioni midollare estese da midollo toraco-lombare a cono più 

frequenti

- Pleiocitosi e OB rare

- Istopatologia: assenza di astrocitopatia











anti-MOG + vs anti-MOG-









et. al



et. al



102 children :median age 7.0 ys [range 1.5-7.9] ; m/fratio, 1.0:1.8; white to other race/ethnicity ratio, 3.6:1.0. 

Original diagnoses :

- neuromyelitis optica spectrum disorder: 43.1% of cases, 

- acute disseminated encephalomyelitis followed by optic neuritis: 19.6% of cases,

- multiphasic disseminated encephalomyelitis: 19.6% of cases, 

- relapsing optic neuritis: 18 of cases



Jarius et al. J. Neuroinflammation 2016



Treatment of NMOSD/ADEM

Acute attack

IV MP +/- PLEX / IVIG

AQP4 antibodies

immunosuppressantsMOG Abs

yesno

yes no

Predn long term

immunosuppressants

Typical NMOSD

immunosuppressants

• IV-MP

• Plex

• Azathioprine

• Rituximab

• Mycophenolate mofetil

• Methotrexate/cycl./mitoxantrone

Hachoen, Baveno 2017 modif.
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Leucoencefalite emorragica di HURST

Fulminant form of ADEM: rapidly progressive severe encephalopathy usually leading to death within 1 

week of onset

MRI: imilar tp ADEM, except that haemorrhage is present in some or most

Solis et al. 



TUMEFACTIVE DEMYELINATION

symptoms include: seizures, impaired consciousness, cognitive deficits, and focal signs.

MRI

- Lesions categorised into: ring-enhancing, infiltrative, megacystic, Baló-like subtypes

- Single lesions might be mistaken for neoplasms on MRI

Diagnosis

- MRS (spectroscopy): increased glutamate-glutamine peak, increased choline/NAA ratio

- CSF. Increased proteins, OBs

- CT-PET: lower metabolic activity

- biopsy

Other differential diagnoses include: cerebral abscess, ischaemia, and infection



Balo’ concentric sclerosis

Alternating rings of demyelination and relatively preserved myelin

Focal neurological symptoms, or symptoms of a cerebral mass

Balo’-like lesions in MS/NMOSD subjects

Schilder’s disease

Case reports of inflammatory demyelinating condition, others recognized as due to 

adrenoleukodistrophy and SSPE

Not a separate atypical demyelinating syndrome

Agamanolis, Neuropathology

• 9-year-old girl who presented with left hemiparesis. 

• After 2 months, right-sided visual loss. 

• At 24 months of observation, the patient continued to do 

well without any complaints or neurologic sequelae. (Kurul

et al. J Child Neurol 2003;18:58–61).



Marburg’s variant of MS

Patients typically present with seizures, headache, vomiting, bilateral optic neuritis, and 

gait disturbance with hemiparesis or quadriparesis.

Symptoms progress rapidly, often stepwise or continuously.

Marburg’s multiple sclerosis might present with multifocal cognitive syndromes, such as

aphasia and apraxia, rather than with diffuse encephalopathy.

MRI

- Multifocal demyelinating lesions in the periventricular, juxtacortical, and deep white

matter, and in the brainstem, cerebellum, or spinal cord,

- frequently large and show gadolinium enhancement

- Frequent severe perilesional oedema similar to that in ADEM

intermediate entity between tumefactive demyelination and ADEM, although

the pathological features suggest that it is much closer to tumefactive demyelination





Esordio acuto

- polilesionale (con/senza 

encefalopatia-convulsività

- monolesionale

Forme tipiche

• ADEM

• SM

• CIS

• NMOSD

Forme atipiche

• Leucoenc. emorr. 

acuta (Hurst)

• S. tumefattive

• Sclerosi concentric

Balo’

• M. Schilder

• Variante Marburg

• Vasculiti

• Tumori

• Cause infettive

• Cause vascolari

• Traumatiche

• Tossiche

• …

Forme demielinizzanti

ADS- Acute demyel. syndr.

Forme non demielinizzanti

Altra patologia SNC



SUSPICION OF MS

CLINICAL FINDINGS AND 

DIAGNOSTIC TESTS

To confirm 

MS diagnosis

To exclude other 

diagnosis

Definiti i quadri sindromici, i criteri classificativi, i test e il loro apporto nella 

diagnosi e diagnosi differenziale, che cosa fare nella pratica clinica?

Consider other diseases with similar 

clinical/laboratory findings

- Apply current diagnostic criteria

- Perform appropriate tests (MRI/CSF)



Banwell B., Ghezzi A., Tardieu M. Lancet Neurol 2007



Clinical and paraclinical findings that suggest an alternative 

diagnosis to initial presentation

Encephalopathy Fever

Progressive 
clinical course 

lacking discrete 
attacks

Involvement of the 
peripheral 

nervous system or 
other organs

Elevated 
erythrocyte 

sedimentation rate 
or leukocyte count

Markedly elevated 
CSF white blood 
cells or protein

Absence of CSF 
oligoclonal IgG 

Rubin and Kuntz. Curr Neurol Neurosci Rep. 2013;13(6):354
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Seizures

Vasculitis
Tumour
Infection
NMDA-receptor encephalitis (chorea-form movements and psychosis)

Headache

Vasculitis
Susac syndrome (visual/hearing loss)

Infections
Venous thrombosis
Cerabral oedema
Idiopathic intracranial hypertension

Psychosis

Vasculitis
Systemic lupus erythematosus (SLE)
GM2 gangliosidosis
Susac syndrome
Corticosteroid therapy

Cranial neuropathy
Neuroboreilliosis
Neurosarcoidosis
Beçhet disease

Visual loss
Leber ON
Psychogenic

Retinopathy
Susac syndrome
Mitochondrial

Recurrent optic 
neuropathy

NMO
Leber ON
Chronic relapsing inflammatory ON (CRION)

Peripheral neuropathy
Charcot Marie Tooth disease
Neuroboreilliosis
GBS

Progressive/relapsing 
encephalopathy

Leukodystrophies
Mitonchondrial
Cerebral Autosomal Dominant Arteriopathy with Sub-cortical 
Infarcts and Leukoencephalopathy (CADASIL)

Spastic paraplegia

NMO
Tumour vascular disorders
SLE
Sarcoidosis
Hereditary spastic paraplegia (HSP)

The clinical red flags



The tests





- ADS: eterogeneous group of disorders, standardised 

diagnostic criteria are available

- Krupp’s criteria

- Revised Mc Donald criteria (Thompson’s criteria)

- Diagnostic criteria applicable in PAED-MS, high sensitivity 

and specificity

- ADEM can be the first manifestation of MS 

- MS Patients aged <10 years can have peculiar findings

- Clinical and MRI follow-up

- Anti-MOG syndrome

- CSF-OB and MRI: diagnostic and prognostic role

- Appropriate treatment of the acute/chronic phase

DIAGNOSIS AND DIAGNOSTIC CRITERIA: KEY POINTS AND CONCLUSIONS



Rahmlow, The Neurohospitalist 2013


