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Chronic small vessel ischemic disease

Thinning of

overtying White matter hyperintensities (WMH)
—~ Small vessel disease (SVD)
Microangiopathy
T(?l';?f;ii; ' Leukoariosis

Periventricular and deep 5 4 TN " B INSwa nge r d ISease

WMH (pale yellow) can

increase in size (dotted
yeliow), occasionally
shrink, and lead to
atrophy of white matter
(inset, lower image) and
overlying cortex (blue).

Acute small subcortical
infarct (white), may
evolve to: a) cavitate and
shrink (grey) or about
10% can disappear,;

b) develop a WMH ‘cap’
(yellow), c) project its
effects onto the overlying
cortex causing thinning
(blue) and to d) the
inferior projection fibres to
the brainstem and spinal
cord.,

Correlates with cerebrovascular risk factors

. Age

. Diabetes

. Smoking

. Hyperlipidemia

. Other vascular disease

BASIC SCIENCE FOR CLINICIANS

What are White Matter Hyperintensities Made of?

itive Impairment




Fazekas scale

\ s v
1 - Scattered 2 — Patchy/partially confluent 3 - Confluent



ith history of migraines, presenting with acute
onset right-sided weakness







Cerebral Autosomal Dominant Arteriopathy with
Subcortical Infarcts and Leukoencephalopathy

(CADASIL)

mutations
* Over 400 pathologic variants identified

* Symptoms in adulthood (age 30s-50s), migraines, infarcts,
psychiatric changes, early vascular cognitive impairment

* Progressive

Early white matter disease for , Involvement of
external capsules
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54 F, uncontrolled hypertension

Courtesy of
Rajan Jain, MD




77M
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Cerebral Amyloid Angiopathy Rajan Jain, MD



Hemorrhage distribution

Hypertensive angiopathy Cerebral amyloid angiopathy



32F, left vision loss and episodes of weakness




* Gupta NS, Shrivastav SK, Singh IK, Kumari S, Jha NK, Gupta R. Decoding the molecular and cellular aspects

* Ascherio A, Munger KL. Environmental risk factors for multiple sclerosis. Part |: the role of infection. Ann

Multiple sclerosis

* Autoimmune demyelinating disease
almost exclusive to
( deficiency?)

e More commohn in women EBV + mono

* MS patients have near-universal
seropositivity for , associated
with infectious

* General population: 95%
* MS population: >99%

of multiple sclerosis: From diagnosis to therapeutic strategies. Brain Res. 2025 Sep 15;1863:149844. doi:
10.1016/j.brainres.2025.149844. Epub 2025 Jul 19. PMID: 40691929.

Neurol. 2007 Apr;61(4):288-99. doi: 10.1002/ana.21117. PMID: 17444504.



Periventricular

Ovoid

Perivenular

Temporal lobes not spared
Callososeptal interface
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Dawson’s fingers
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Infratentorial

Most common cranial
nerve affected?

CN3 <1%
CN4 <<1%
CN5 5%
CN6 1%
CN7 4%
CN8 <1%

Zadro |, Barun B, Habek M, Brinar VV. Isolated cranial nerve palsies in multiple sclerosis. Clin Neurol Neurosurg. 2008 Nov;110(9):886-8. doi:
10.1016/j.clineuro.2008.02.009. Epub 2008 Apr 18. PMID: 18374477.
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Spinal cord
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Multiple sclerosis Microangiopathy
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Rovira, Jaume Sastre-Garriga, Tarek A Yousry, Maria A Rocca, on behalf of the MAGNIMS Study Group, The ageing central nervous system in multiple sclerosis: the imaging perspective, Brain, Volume 147, Issue 11, November 2024, Pages 3665-
3680, https://doi.org/10.1093/brain/awae251



https://doi.org/10.1093/brain/awae251

Central vein sign

Detection
-58% on 1.5T
-74% on 3T
-82% on 7T

Prevalence
-MS patients: ~80%
-Non-MS patients: ~20%

~90% specific when present in
>30% of lesions
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Paramagnetic rim sign

Correlates with histiocytes seen in
chronic active lesions
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2017 McDonald Criteria

Dissemination in space Dissemination in time

* 2 or more brain regions * Two separate time points or
affected lesion ages



2024 McDonald Criteria

Typical Typical Incidental Symptoms
relapsing progressive MRI findings not specific &
onset onset to MS f <
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Paraclinical tools

Positive CSF Dernonstration of other regions
« Oligoclonal bands and/or e 3rain MRl and/or

e k free light chain index ¢ Spinal cord MRI2.andfe
* Optic nerve M ﬂ@

Further lesion characterization/ |Dissemination in time y

« CVS and/or ¢ MRI with gadolinium and/or Y ™

. aramagnetic rim| lesions® e Clinical/MRI follow-up ,’( iQ
age <12 years, MOG antibody testing is recommended { t

If age >50 years or with vascular disorders, evidence of spinal

cord lesion, positive CSF or CVS is recommended

Diagnosis of MS Moccia, M., Ciccarelli, 0. & Thompson, A. Implementation of the 2024 revision of the McDonald criteria for

multiple sclerosis. Nat Rev Neurol 21, 664-666 (2025). https://doi.org/10.1038/s41582-025-01141-3




multiple sclerosis

serum
anti-AQP-4 Ab negative
anti-MOG Ab negative

cerebrospinal fluid
Oligoclonal bands: ~ 80%
MRZ reaction: ~ 78%

Aquaporin-4 is on neuromyelitis optica MOG antibody-associated MOG is on
CNS demyelination

Myelin damage is secondary

- 4 0 0

anti-MOG Ab positive

cerebrospinal fluid cerebrospinal fluid
oligoclonal bands: ~ 28% oligoclonal bands: 6-13%
MRZ reaction: 1-2% MRZ reaction: 1-2%

Defining distinct features of anti-M0OG

antibody associated central nervous system
demyelination




MS optic neuritis




Neuromyelitis opti-CHIASM
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LETM - Longitudinally extensive transverse myelitis

NMOSD MOGAD
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Some things to remember

* NMOSD * MOGAD
* 40 year olds * Children get ADEM
* Black/Asian patients * Adults get optic neuritis
* Frequent relapses * Usually monophasic
* Severe disability (MOnophasic MOGAD)
 Neuromyelitis opti-CHIASM * Can cause encephalitis/seizures
* Upper cord (FLAMES)

* More likely to involve lower cord



56 M with progressive left side weakness

Baselin

Courtesy of
Rajan Jain, MD

Tumefactive Demyelinating Lesion



35 M, Headache, foot drop. Numbness and tingling in hand, left leg not moving properly.

Courtesy of
Rajan Jain, MD

Tumefactive Demyelinating Lesion



rCBV= 0.76-0.80

0.76

Tumefactive Demyelinating Lesion

Courtesy of
Rajan Jain, MD



50 years old female, MS, on Tysabri February

(natalizumab)

Right foot numbness, weakness

-

Sehhalopathy (PML)

Courtesy of

Rajan Jain, MD Progressive Multifocal Leukoen



32 M, HIV/AIDS, noncompliance with medications, 1 week of abnormal behavior

Courtesy of

Progressive Multifocal Leukoencephalopathy (PML) 2 "2 "0



PML

* Natalizumab (3in 1000) >> Fingolimod and other S1P modulators > Dimethyl fumarate

Cortese |, Reich DS, Nath A. Progressive multifocal leukoencephalopathy and the spectrum of JC virus-related disease. Nat Rev Neurol. 2021 Jan;17(1):37-51. doi: 10.1038/s41582-020-00427-y. Epub 2020 Nov 20. PMID: 33219338;

PMCID: PMC7678594.

Drug

Belatacept
Belimumab
Brentuximab vedotin
Cyclosporine
Dimethyl fumarate
Efalizumab
Fingolimod

Ibrutinib

Mycophenolate moftetil

Natalizumab
Obinutuzumab
Ocrelizumab
Ofatumumab
Rituximab

Sirolimus
Tacrolimus

Vedolizumab

Indications

Kidney transplantation
SLE

Hodgkin lymphoma
Transplantation

RRMS

Psoriasis

RRMS

CLL, mantle cell
lymphoma, marginal zone
lymphoma, WM, cGVHD
Iransplantation

RRMS

CLL

REMS, FFM5

CLL

CLL, non-Hodgkin
lymphoma, RA, WG, MPA
M_ -lofibro

Transplant:

Iransplant:

UC, Crohn's

35
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Progressive Multifocal Leukoencephalopathy (PML) Rajan Jain, MD



41 M, Growth hormone deficiency, primary adrenal insufficiency

N A Ll T
X-linked adrenoleukodystrophy dutonsety  gajan ain. Mo
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57 F, headaches G B M

5 months prior

Courtesy of
Rajan Jain, MD



Lymphoma

Rajan Jain, MD
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47M, Left facial and hand numbness with unsteady left lower extremity, called infarct







47M, Left facial and hand numbness with unsteady left lower extremity




19 M, leukemia receiving methotrexate, Rt arm and face weakness, acute stroke

10/

A Methotrexate induced leukoencephalopathy
4 o -




92 M, myelodyspalstic syndrome, on tacrolimus
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PRES

Hypertension
Chemotherapy/immunosuppression
Eclampsia/pre-eclampsia

Systemic disorders (many)
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Ollivier M, Bertrand A, Clarengon F, Gerber S, Deltour S, Domont F, Trunet S, Dormont D, Leclercq D. Neuroimaging features in posterior reversible encephalopathy syndrome: A pictorial
review. J Neurol Sci. 2017 Feb 15;373:188-200. doi: 10.1016/j.jns.2016.12.007. Epub 2016 Dec 8. PMID: 28131186.



Take home points

* Context and history is essential

* New diagnostic criteria for MS — know the five brain regions and
the paraclinical tools

* Recognize when something isn’t just routine small vessel disease
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