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Multiple Diseases – Similar Appearances

• Multiple Sclerosis (MS)
• Acute Disseminated Encephalomyelitis (ADEM)
• Neuromyelitis Optica (NMO)
• Myelin Oligodendrocyte Glycoprotein Antibody-Associated 

Disease (MOGAD)



3 children presented with acute neurological deficits
3 different diseases

ADEM

MS

Vasculitis



Multiple Sclerosis - Background 

• MS is a chronic inflammatory auto-immune disease
• Most common in young adults
• Can affect children- Pediatric Onset MS (POMS)
• 3-10% of MS patients present under the age of 16



Paediatric Onset Multiple Sclerosis 

• Disease course in children is different
• 98% present with relapsing- remitting MS (RR)
• More aggressive onset
• Higher relapsing rate



Clinical Types

Relapsing-Remitting MS (RRMS)
Relapses of new or worsening neurological symptoms followed by 
periods of partial or complete remissions

Secondary Progressive MS (SPMS)
Relapses and remissions to a more steadily progressive phase. 

Primary Progressive MS (PPMS)
Steady worsening of neurological function from the onset without 
early relapses or remissions.



Clinical Types
Two other related conditions:

Clinically Isolated Syndrome (CIS)
Single episode of neurological symptoms suggestive of MS but does 
not meet diagnostic criteria

Radiologically Isolated Syndrome (RIS)
MS-like lesions brain or spinal cord without corresponding 
neurological symptoms





Clinical Presentation 
• Intermittent neurological deficits

• CIS- 1st episode of MS:
20% chance to develop MS
50% with ON will develop MS

• Frequently mild clinical events are ignored, leading for the 
delay of the diagnosis



Diagnostic Criteria
Pediatric International Study Group 2013

• 2 or more clinical events
• >30 days and involving more than 1 CNS area
• 1 episode typical of MS + MRI findings consistent with the 

McDonald criteria with dissemination of space or time
• 1 ADEM attack followed by a clinical event+ MRI lesions 
• First event not meet ADEM criteria and MRI lesions according 

to McDonald criteria 

International Pediatric Multiple Sclerosis Study Group criteria for pediatric multiple sclerosis and immune-mediated central nervous system demyelinating 
disorders: revisions to the 2007 definitions. Mult Scler. 2013 Sep;19(10):1261-7. doi: 10.1177/1352458513484547. Epub 2013 Apr 9. PMID: 23572237.



2017 McDonald Criteria
Dissemination in space (DIS):  at least 2/4
1 or more periventricular lesion
1 or more juxtacortical/cortical lesion
1 or more infratentorial lesion
1 or more spinal lesion (symptomatic or not)

Dissemination in time (DIT):
• New lesion
• Simultaneous presence of enhancing and non enhancing lesions
• CSF oliogoclonal bands (OCBs): indicate inflammation in the CNS. Satisfy 

the DIT requirement without a second clinical attack or a follow-up MRI



2024 McDonald Criteria



Rationale for updating the McDonald criteria
1. Not all presentations of MS are “typical”

2. New data on value of novel imaging and other para-clinical tests in MS diagnosis e.g. 
optic nerve MRI, optical coherence tomography (OCT), central vein sign

3. Increasing knowledge about MS misdiagnosis, and new disorders that can mimic MS 
e.g. MOGAD

4. Desire to move towards a biological rather than clinical definition of MS, and recognition 
of MS phenotypes as a continuum rather than distinct entities



McDonald 2024 criteria: Key revisions
1. Diagnosis of MS in patients with atypical presentations

2. Changes to criteria for dissemination in space

3. New ways to diagnose MS in patients with dissemination in space, without 
requiring dissemination in time

4. Kappa-free light chains – the new oligoclonal bands?

5. Diagnosis of PPMS – moving towards a single set of MS diagnostic criteria



2024 McDonald Criteria
• Optic nerve as a 5th anatomical site
Alongside periventricular, juxtacortical/cortical, infratentorial, and spinal cord
Optic nerve involvement can be shown with MRI, optical coherence 
tomography (OCT), or visual evoked potentials (VEP)

• Dissemination in time (DIT) no longer mandatory
Previously required to confirm MS, but now optional
Can be replaced by CSF biomarkers (oligoclonal bands or kappa free light 
chains)

• New imaging markers
Central vein sign (CVS) and paramagnetic rim lesions (PRLs) on MRI can be 
used in specific cases to increase diagnostic specificity.



Evaluation of the optic nerve

Optic nerve MRI Visual evoked potentials Optical coherence tomography



Central Vein Sign (CVS)

MS lesions are typically form around veins

MS white matter lesions typically have a 
higher proportion of CVS+ lesions than in 
common mimics 
• Small vessel disease
• Migraine
• NMOSD/MOGAD etc

Requires dedicated MRI sequences e.g. SWI

Cut-off of 40% lesions with a central vein has 
high specificity for MS

Filippi J Neurol 2022; Jensen-Kondering MRI 2022



3D T2* EPI

Central Vein Sign

3D FLAIR



Central Vein Sign (CVS) and Paramagnetic Rim Lesions (PRLs)

PRL CVS

Lancet Neurol 2025; 24: 850–65 



CVS

• Flair*: A Combined MR Contrast Technique for Visualizing 
White Matter Lesions and Parenchymal Veins

• FLAIR* imaging at 3.0 T provided high-quality cerebrospinal 
fluid–suppressed brain images demonstrating conspicuous 
[MS] lesions and veins

• Central vein sign



T2 FLAIR*



T2 FLAIR*



2024 McDonald Criteria

• Biomarkers
Kappa free light chain (kFLC) index is now considered interchangeable with oligoclonal 
bands in CSF

• Radiologically isolated syndrome (RIS)
People with incidental MRI findings typical of MS can meet criteria for MS diagnosis if 
other supportive features are present (e.g., positive CSF, CVS, or PRLs)



Oligoclonal bands vs κ-FLC index

• Detection of oligoclonal bands is time-consuming and rater-
dependent

• Plasma cells also secrete kappa and lambda free light chains in 
excess of formed immunoglobulins, which can be easily quantified 
in a rater-independent fashion in the serum and CSF

• Previous studies have suggested that kappa free light chains (κ-
FLC) index may differentiate MS from healthy controls, and at 
higher index levels from other neuroinflammatory disorders

Arrambide et al Brain 2022; Hegen et al MSJ 2022



When is κ-FLC index likely to be useful?

Because it does not require any specialist laboratory expertise it might 
provide information on intrathecal antibody production more quickly 
(within 24hrs), particularly in regional hospitals



2024 McDonald Criteria

• Unified framework across all ages and disease types
Same diagnostic criteria now apply to paediatric and adult-onset MS, and 
to relapsing and progressive forms
Specific guidance given for children, older patients (≥50 years), and those with 
comorbidities

• Safeguards against misdiagnosis
Strong emphasis on ruling out mimics such as migraine, small-vessel disease, 
NMOSD, and MOGAD.
Additional confirmatory evidence is recommended for older individuals and 
those with vascular risk factors.



2024 McDonald Criteria
Children (Paediatric MS)

Unified framework: Same criteria as adults, but with added 
safeguards

ADEM presentations: If a child presents with acute disseminated 
encephalomyelitis, diagnosis of MS requires either a second attack or 
new T2 lesions appearing ≥90 days later

Biomarkers: MOG-IgG testing is mandatory for all children <12 
years with first demyelinating events (to distinguish from MOGAD)
≥12 years, MOG-IgG testing is recommended only when features are atypical 
for MS or suggestive of MOGAD



2024 McDonald Criteria
Children (Paediatric MS)

MRI features:
Central vein sign (CVS) supports diagnosis, but in children <18 years, it 
should be applied cautiously—requires ≥50% of lesions showing CVS

Note: Paediatric MS tends to have higher inflammatory activity; 
early treatment is crucial



Imaging

• Location:

1. Supratentorial > infratentorial
2. Periventricular - Dawson fingers
3. Deep cerebral WM
4. Juxtacortical



Imaging

• Size and Number

1. Multiple > solitary
2. Small lesions usually 5-10 mm
3. Giant- tumefactive lesions with surrounding edema (can be solitary)
• Active plaques can enhance
• GAD accumulations is slow, steroid treatment suppress enhancement



Imaging

13 YO girl/ 1st episode of weakness, numbness



Imaging

Posterior fossa- ponsJuxtacortical



Dawson Fingers



Imaging

6 month later routine spine study



Follow up

1st episode 1 year later

New 
Lesion



POMS- tend to involve the CC

• CC involvement is demonstrated 
in the sagittal view

• Difference in Disease Burden and Activity in Pediatric Patients 
on Brain Magnetic Resonance Imaging at Time of Multiple 
Sclerosis Onset vs Adults

Waubant E, et al. Difference in disease burden and activity in pediatric patients on 
brain magnetic resonance imaging at time of multiple sclerosis onset vs adults. Arch 
Neurol. 2009 Aug;66(8):967-71. doi: 10.1001/archneurol.2009.135. PMID:



Sag view- look at the cervical cord



Gd Enhancement

• Types of enhancement:
Punctate
Nodular
Ring (incomplete)

• Same child 2 years later, relapse



Gd Enhancement

Nodular Punctate



DWI/DTI

• DWI has no significant role in the diagnosis
• ADC can be normal or high
• Occasionally can show restriction
• DTI in normal appearing WM can show reduced diffusivity



MS a focal or diffuse disease?



Cortical Atrophy

• As the disease progress the 
cortex undergo atrophy

• We measured the cortical 
thickness in acute diagnosed MS 
patients and chronic MS patients

• The value was 2.51 mm in the 
newly diagnosed and 2.42 mm in 
10 years disease duration 
(p<0.001)



Cortical Atrophy



Chronic MS

34 YO female, diagnosed at the age of 14
Severe atrophy of the white matter



Chronic MS



MS spinal lesions- acute phase

Multiple plaques levels C2, C4, C5
The lesion C3-C4 is enhancing with
Surrounding edema
The old plaques are not enhancing



MS- chronic phase



Multiple Diseases – Similar Appearances

• Multiple Sclerosis (MS)
• Acute Disseminated Encephalomyelitis (ADEM)
• Neuromyelitis Optica (NMO)
• Myelin Oligodendrocyte Glycoprotein Antibody-Associated 

Disease (MOGAD)



Acute Disseminated Encephalomyelitis (ADEM)

• 2nd to MS acquired idiopathic demyelinating disease
• Peak age group 5-8y
• Clinical symptoms: fever prior to the neurological presentation few 

days to weeks before (infection, immunization)
• Usually monophasic, recurrent type is involving the same areas
• Multiphasic involves different areas
• Most recover completely, 20% have residual neurological deficits
• Recovery in 50% within 2 months



Acute Disseminated Encephalomyelitis (ADEM)
Diagnostic Criteria
Pediatric International Study Group:

• Encephalopathy
• 1st polyfocal clinical+ inflammatory demyelinating event
• No new lesions emerge in consecutive MRI (3months) 
• Abnormal MRI during acute phase:

– Diffuse large T2 lesions involving mostly the  WM
– Deep grey matter lesions
– T1 hypointense lesions are rare



ADEM

14 YO

febrile viral infection 
2W before 

urine retention, 
encephalopathy



ADEM F/U

4 month later -Clinically intact 



ADEM T1+ GAD



ADEM

2y ataxia, 3w post viral infection



All cases were initially diagnosed as ADEM

ADEM

MS

Vasculitis



Multiple Diseases – Similar Appearances

• Multiple Sclerosis (MS)
• Acute Disseminated Encephalomyelitis (ADEM)
• Neuromyelitis Optica (NMO)
• Myelin Oligodendrocyte Glycoprotein Antibody-Associated 

Disease (MOGAD)



Neuromyelitis Optica (NMO)

• Diagnostic Criteria
Pediatric International Study Group:

• Optic neuritis
• Acute myelitis
• At least 2 out of 3:

1. Spinal cord lesion 3 segments
2. Brain MR not meeting the criteria for MS
3. Aquaporin-4 IgG seropositive status



AQP-4



NMO

5y girl, sudden blindness on the R eye.
F/U scan after deterioration of the L eye



NMO

• 10y girl
• Weakness right hand
• Followed by pain in the 

L eye





Multiple Diseases – Similar Appearances

• Multiple Sclerosis (MS)
• Acute Disseminated Encephalomyelitis (ADEM)
• Neuromyelitis Optica (NMO)
• Myelin Oligodendrocyte Glycoprotein Antibody-Associated 

Disease (MOGAD)



Myelin Oligodendrocyte Glycoprotein Antibody-
Associated Disease (MOGAD)

• Antibodies mistakenly attack myelin oligodendrocyte 
glycoprotein (MOG), a protein in the myelin sheath

• Often triggered by an infection or vaccination
– cases reported following SARS-CoV-2 infections and vaccinations



Myelin Oligodendrocyte Glycoprotein Antibody-
Associated Disease (MOGAD)

• Optic neuritis (41-63%)
• Transverse myelitis (30%) including conus medullaris syndrome

– associated with longitudinally extensive spinal cord lesions

• ADEM-like encephalomyelitis (2-6%)
• Aseptic meningitis (4%)
• Cortical encephalitis with seizures
• Infratentorial syndromes (i.e. brainstem or cerebellar syndromes)



MOGAD

• 3y with a gradual loss of vision during last 3 weeks 

• Transferred from another hospital with the diagnosis of bilateral 
optic glioma and NF1 (?)



Anti MOG Ab

Enhancement bilaterally cerebellar peduncles



Anti MOG Ab

Both optic nerves enhancing 



Anti MOG Ab

The enhancement is all along the nerves 
Abnormal signal on both thalami



Radiological features and lesion dynamics in pediatric myelin 
oligodendrocyte glycoprotein antibody-associated disease 
(MOGAD), pediatric onset multiple sclerosis (POMS) and 

aquaporin 4-IgG-seropositive neuromyelitis optica spectrum 
disorder (AQP$+NMOSD) 



Conclusion 

• MS of the pediatric age group is frequent

• The appearance and the clinical course are different than the adult 
type (more intense onset)

• Differential diagnosis – not always easy

• Correct diagnosis is needed for treatment decisions
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