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- Identify common imaging features

- Understand the recommended sequences

- Recognize the MRI patterns in the respective disease(s)

- Interpret and apply the results of neuroimaging accurately in the
clinical context




Outline

- Anatomy
- Conventional MRI| — Sequences
- Conventional MRI findings in main hereditary ataxias

- Neuroradiological diagnostic algorithm
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Cerebellar anatomy (2)
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- Three lobes:
Anterior, Posterior and Flocculonodular




- Three nuclei:
FaStigial, InterDOSEd (emboliform + globose nuclei) and Dentate nUC|ei




Pineal gland

Medial geniculate nucleus

Lateral geniculate nucleus

Trochlear nerve (V)

Superior medullary velum

Superior cerebellar peduncle
Middle cerebellar peduncle

Inferior cerebellar peduncle

Inferior medullary velum

Cuneate tubercle

Gracile tubercle

Cuneate fasciculus
Gracile fasciculus

Posterior median sulcus Lateral funiculus

- Three peduncles:
superior, middle and inferior







- Fastigial nucleus

- |nterp05ed nUCIeUS (emboliform + globose nuclei)

- Dentate nucleus




Brainstem
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Midbrain
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Midbrain

- Cerebral peduncles

- Substantia Nigra

- Red Nucelus

- Quadrigeminal plate
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Pons

- Superior
cerebellar peduncles

- Middle Q

cerebellar peduncles




Medulla




Medulla

- Pyramids
- Olives

- Inferior
cerebellar peduncles
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Outline

- Conventional MRI| — Sequences
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Conventional MRI sequences

- T1-weighted
Ideally: all sequences, all planes!
- T2-weighted




- T1-weighted

- T2-weighted

“Gray is gray, white is white”




- T1-weighted

Xy

- T2-weighted \ ‘V’ /__»' . *‘\‘.\:

GreE-T1w




- T2-weighted

“Gray is white, white is gray”




- T2-weighted




- T2-weighted
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Table 1 Aut ive ataxias:

HA: classification

ired, sporadic and hereditary ataxias *

Disorder

Gene product

Function

Mitochondrnial/oxidative stress
FRDA
MIRAS
I0SCA
Autosomal recessive cerebellar
ataxia type 2 (ARCA2, SCARS)
AVED
Abetalipoproteinemia
DNA repair
AT

ATLD
AOA1
Ataxia with oculomotor apraxia
type 2 (AOA2, SCAR2)
SCAN1
Other mechanisms
Refsum disease

Ataxia and motor neuropathy 2

Ataxia with epilepsy and mental retardation

MSS

Autosomal recessive cerebellar ataxia

type 1 (ARCA1, SCARS)
PHARC

Frataxin
POLG

Twinkle
ADCK3

a-Tocopherol transport protein
Microsomal triglycende transfer protein

ATM protein

MRE11
Aprataxin
Senataxin

TDP1

Phytanoyl-CoA hydroxylase
Sterol27 hydroxylase
Sacsin

ANO10

Rundataxin

SIL1

SYNE1

ABHD12

Synthesis of iron sulphur clusters
Mitochondrial DNA proofreading
Mitochondrial DNA proofreading
Coenzyme Q10 synthesis

Vitamin E
Vitamin E

Phosphoinositol-3 kinase activity:
cell cycle checkpoint control
and DNA repair

Double-strand DNA repair

Single-strand DNA repair

Single-strand DNA repair

DNA replication

Oxidation of phytanic acid
Sterol hydroxylation
Proteasomal system
Channel dysfunction
Unknown

ER glycoprotein

Member of spectrin family

Endocannabinoid metabolism:

Table 2 Spi

and clinical phenotype

Disorder

Mutation

Gene product

Clinical phenotype

SCA1
SCA2

SCA3/MID

SCA4
SCA5
SCA6

SCA7
SCAs
SCA10
SCA11
SCA12

SCA13
SCA14
SCA15/16
SCA17

SCA18

SCA19/22
SCA20
SCA21
SCA23
SCA25
SCA26
SCA27
SCA28
SCA30

Translated CAG repeat expansion
Translated CAG repeat expansion

Translated CAG repeat expansion

Unknown
Point mutation
Translated CAG repeat expansion

Translated CAG repeat expansion

3’ Untranslated CTG repeat expansion
Intronic ATTCT repeat expansion
Insertion, deletion

5' Untranslated CAG repeat expansion

Point mutation

Point mutation

Deletion

Translated CAG repeat expansion

Unknown

Unknown
Unknown
Unknown
Missense
Unknown
Unknown
Point mutation
Missense
Unknown

Ataxn-1
Ataxan-2

Ataxn-3

Unknown

Beta-lll spectrin (SPTBN2)

Calcium channel subunit
(CACNA1A)

Ataan-7

Ataxin-8

Ataxan-10

TTBK2

Phosphatase subunit
(PP2A-PR558)

Potassium channel (KCNC3)

PKCy

ITPR1

TBP

Unknown

Unknown
Unknown
Unknown
PDYN
Unknown
Unknown
FGF14
AFG3L2
Unknown

Ataxia, pyramidal signs, neuropathy,
dysphagia, restless legs syndrome

Ataxia, slow saccades, neuropathy,
restless legs syndrome

Ataxia, pyramidal signs, ophthalmoplegia,
neuropathy, dystonia, restless legs
syndrome

Ataxia, sensory neuropathy

Almost purely cerebellar ataxia

Almost purely cerebellar ataxia

Ataxia, ophthalmoplegia, visual loss
Ataxia, sensory neuropathy, spasticity
Ataxia, epilepsy

Almost purely cerebellar ataxia
Ataxia, tremor

Ataxia, mental retardation
Ataxia, myoclonus, dystonia, sensory loss
Almost purely cerebellar ataxia
Ataxia, dystonia, chorea, dementia,
psychiatric abnormalities
Ataxia, sensory neuropathy,
neurogenic muscle atrophy
Ataxia, myoclonus, cognitive impairment
Ataxia, dysphonia
Ataxia, parkinsonism
Ataxia, sensory neuropathy, pyramidal signs
Ataxia, sensory neuropathy
Almost purely cerebellar ataxia
Ataxia, tremor, mental retardation
Ataxia, opthalmoparesis, pyramidal signs
Almost purely cerebellar ataxia

hydrolysis 2-arachidonoyl glycerol (2-AG) SCA31 Intronic pentanucleotide (TGGAA) BEAN

repeat insertion
ANO10, anoctamin 10; AOA1, ataxia with oculomotor apraxia type 1; ARSACS, autosomal recessive spastic ataxa of Charlevoix-Saguenay; AT, SCA-TGM6 Missense TGM6

ataxia telangiectasia; ATLD, ataxia telangiectasia-like disorder; AVED, ataxia with isolated vitamin E deficiency; CTX, cerebrotendinous xanthomatosis;
ER, endoplasmic reticulum; FRDA, Friedreich ataxia; IOSCA, infantile onset spinocerebellar ataxia; MIRAS, mitochondrial recessive ataxia syndrome;
MSS, Marinesco~Sjégren syndrome; PHARC, polyneuropathy, hearing loss, ataxia, retinitis pigmentosa, and cataract. POLG, polymerase gamma;
SCAN1, spinocerebellar ataxia with axonal neuropathy 1; TDP1, tyrosyl-DNA phosphodiesterase-1.

Almost purely cerebellar ataxia

Ataxia, pyramidal signs

AFG3L2, ATPase family gene 3-like 2; BEAN, brain expressed associated with NEDD-4; FGF14, fibroblast growth factor 14; ITPR1, inositol 1,4,5-
triphosphate receptor, type 1; MJD, Machado-Joseph disease; PDYN, prodynorphin; PKCy, protein kinase C vy; SCAs, spinocerebellar ataxias; TBP,
TATA binding protein; TGMS, transglutaminase 6; TTBK2, tau tubulin kinase 2.

1 Klockgether T. Curr Opin Neurol 2011
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1 Mascalchi M. AJINR Am J Neuroradiol 2013
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- Significant diffuse cerebellar + pontine atrophy + cruciform pontine
T2-hyperintensity (“hot cross bun” sign) reported, due to ponto-
cerebellar fibers degeneration !

1Veldzquez-Pérez LC, et al. Front Neurol. 2017




- Olivo-ponto-cerebellar atrophy with a similar distribution but less
severe than SCA2 !

l ’
»

1 Guerrini L, et al. Brain 2004




1 Namekawa M, et al. Intern Med. 2015




Mario Savoiardo, MD e« Liliana Strada, MD e« Floriano Girotti, MD « Robert A. Zimmerman, MD «
Marina Grisoli, MD « Daniela Testa, MD « Raffaele Petrillo, MD

Olivopontocerebellar Atrophy: MR Diagnosis
and Relationship to Multisystem Atrophy!




Progressive multifocal
leukoencephalopathy

' Parkinsonism b ety
with HIV seropositivity

secondary to . ] 2
presumed vasculitis gndzflned Bgitt?':il
| I
Cerebrotendinous E halit ;ar:ialtary i’?\farction
: ] ncephalitis €
xanthomatosis Probable DLB | / | MsA Rk el SCA ~ 4 (BPI)
M- Metabolism{I- Inflammation|D- Degeneration| N-Neoplasm I- Infection G- Gland H-Hereditary T-toxic S-Stroke
ADEM MS Neurosar-coidosis E Brai halitis (BE
. Leptomeningeal rainstem encephalitis (BE) Toxic encephalopathy caused

metastases of breast by phenytoin sodium (TEPS)

NMOSD Lept.omemng‘eal ¥
carcinomatosis

Lung cancer with

P lasti .
sl undefined causes (LCUC)

neurological syndrome
due to burned-out
testicular tumor

Shuzhen Z, et al. Frontiers in Aging Neuroscience 2020
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- Variable degree of ponto-cerebellar atrophy, less severe compared to
the one found in SCA1 and SCA2 !

1 Eichler L, et al. AJNR Am J Neuroradiol. 2011




- Superior vermis atrophy + linear pontine T2w hypointensities +
thickened MCP + bilateral parietal atrophy !

1 Cocozza S, et al. Neuroradiology 2021




1 Cocozza S, et al. Neuroradiology 2021




- Variable degree of cerebral and cerebellar atrophy + SWI hypointensity
& non-homogeneous T2w hyperintensity signal in dentate nuclei and
surrounding cerebellar white matter (vacuolization + calcification) *

1 Cocozza S, et al. Neuroradiology 2021




- Two major radiological features (white matter lesions in middle
cerebellar peduncles and in corpus callosum splenium) tare part of the
revised FXTAS diagnostic criteria *

1 Cocozza S, et al. Neuroradiology 2021 ; 2 Hall DA, et al. Neurodev Disord. 2014




- Pattern of atrophy




Conventional MRI “checklist”

- Pattern of atrophy

“Pure” cerebellar
Mainly vermian
Mainly hemispheric
Diffuse

Cerebellar + brainstem
Mainly pontine
Pontine + Midbrain
Diffuse

- Infratentorial signal changes

- Supratentorial involvement (atrophy and/or signal changes)




Neuroradiological algorithm

With infratentorial
T2w changes

Global (vermian +
hemispheres)

Pattern of

cerebellar atrophy Without infratentorial

T2w changes

Regional/absent




Neuroradiological algorithm

DN T2w
hyperintensities

CTX

AOA1l

With infratentorial
T2w changes AOA?2

SPG7/

Other T2w
hyperintensities SCAR10

Without infratentorial
T2w changes




Neuroradiological algorithm

DN T2w
hyperintensities

With infratentorial
T2w changes

Other T2w
hyperintensities

Without infratentorial
T2w changes




Neuroradiological algorithm

DN T2w
hyperintensities

With infratentorial
T2w changes

ARSACS

Other T2w
hyperintensities FXTAS

Without infratentorial
T2w changes




Neuroradiological algorithm

With infratentorial
T2w changes

Cerebellar and
brainstem atrophy

Without infratentorial
T2w changes

“Pure” cerebellar
atrophy




Neuroradiological algorithm

Cerebellar and
brainstem atrophy

“Pure” cerebellar
atrophy




Neuroradiological algorithm

Cerebellar and
brainstem atrophy

“Pure” cerebellar
atrophy




Neuroradiological algorithm

Cerebellar and
brainstem atrophy

Juvenile onset

“Pure” cerebellar
atrophy

Adult onset




Neuroradiological algorithm

Cerebellar and
brainstem atrophy

Juvenile onset

SCA6

“Pure” cerebellar
atrophy

SCA8

SCAl7

Adult onset SCAR10




Neuroradiological algorithm

Global (vermian +
hemispheres)

Pattern of
cerebellar atrophy

Regional/absent




Neuroradiological algorithm

Global (vermian +
hemispheres)

Pattern of
cerebellar atrophy

Mainly hemispheric

Regional/absent Mainly vermian

Absent




Neuroradiological algorithm

Mainly hemispheric

Regional/absent Mainly vermian




Neuroradiological algorithm

Mainly hemispheric

Regional/absent Mainly vermian




Neuroradiological algorithm

Mainly hemispheric

Regional/absent Mainly vermian




Neuroradiological algorithm

Mainly hemispheric

With infratentorial
T2w alterations

Regional/absent Mainly vermian

Without infratentorial
T2w alterations




Neuroradiological algorithm

With infratentorial
T2w alterations

Mainly vermian

Without infratentorial
T2w alterations




Neuroradiological algorithm

ARSACS

With infratentorial
T2w alterations

Mainly vermian

Without infratentorial
T2w alterations




Neuroradiological algorithm

With infratentorial
T2w alterations

Mainly vermian

ARSACS

Without infratentorial
T2w alterations




- With conventional MRI it is possible to study almost all the structures
of the infratentorial compartment

- 3D-GrE-T1w >>> SE-T1w

- TSE-T2w > FLAIR-T2w

- Lack of “pathognomonic” MRI signs wornae

- Accurate evaluation and combination of different conventional MRI
signs might provide crucial diagnostic information
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