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Magnetic resonance imaging in the
diagnostic assessment of cerebellar ataxias
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Department of Neurology, University Hospital Bonn
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- Anatomy of the cerebellum & brainstem

- Why MRI?

- Which sequence?

- Examples of typical findings
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Learning objectives:

— Define why MRI is included in a diagnostic work-up

— State the recommended sequences

— Identify common imaging features
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O What is your background?
Single choice
Clinical care
Research

other



Diagnostic MRI

LY
@ e a N o:, European
..°-"...-‘,°0 Reference
090 0
00’ Network
for rare or low prevalence
complex diseases

& Network
Neurological Diseases
(ERN-RND)




@eqn European
epeamecndom ooy ° i3V Reference
* Network

Diagnostic MRI

for rare or low prevalence
complex diseases

& Network
Neurological Diseases
(ERN-RND)




Diagnostic MRI

European
Reference

* Network

for rare or low prevalence
complex diseases

4 Network

Neurological Diseases
(ERN-RND)




-
o:, European

Diagnostic MRI Qean % tiran

00’ Network

for rare or low prevalence
complex diseases

o

O How often is MRI part of your clinical diagnostic work up?

Single choice
0-25%
25 —50%
50-75%

75—-100 %
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O How often is MRI essential to confirm a diagnosis?
Single choice
0-25%
25 -50%
50-75%

75—-100 %
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Cerebellar gray matter
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Manual sub-segmentation of the
cererbellum

Jennifer Faber'?, Lea-Sophie Heinz!, Dagmar Timmann®, Thomas
M. Ernst’, Katerina Deike-Hofmann', and Thomas Klockgether'*

Version 1 - April 2022
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2 ost casce the fst ditinct flim ot attache to the superir modullery
o, Anstomical, the pcrlsinate Sssure separate it fom lobule 1V, hov.
v, lobule I i ofta o st partaly obgeured by lobule IV. Lotuiles LIV

aegzeaiod struiare. Consoquently,th relevat

thronghout the hemispheres.

form  trcee strucone snd share the
b e midsngital plane,

switching bty

e
PO ————

242 Tobule v
ol sl hs 2 t0 3 folis, snd the often one sore oium thas obale
V. s opsted o bl V1 st riry S, which apeats ot
el i the vl o o s ey b il STED

o)

Figu 8 Lobuie V in acal, sagitil and coronal view. Blue lft V. Yellow
it V.

243 Lobulo VI

Lol V1 0 o s boudod pseioly and iy by o
perior posteror fasure In tho midine and o few milimoters urthe locral,

15

See Figuroll] Tae superior
pastron asin can b tace s controin e il pane hroughons the
‘entire hemisphere (sce left image in Figure[9).

244 Crust
G L s e b s ol n b, which oy e
cenally of the midsagial pl o furthor
o st s e

e from Crue 11 by the i

o e i e aial view i co
for doublchecking and xodraving i pcessary. Sec Figue[10

e 10, rus 1 i, seitl and corone i B It Crs 1 Light
broan: rght Crus

245 Crusll

nteio to the borizostal Bssure
white matte, b may sary in the mumbes

% Network
Neurological Diseases
(ERN-RND)

Piguns 16: bl X i asial, sagital and coronal view, Beige: 1f X. Ochre
riaht X.

2.5 STEP 5: Sub-segmentation of the vermis

he ey pre-deisedcatiney of v ow frthersubdividod corespord-
ing 20 the hemispherc obul 1, VI, 7

structute otween the > hemispharic lobules VI, the avil view i wel ufed.

10

Faber et al., Manual sub-segmentation of the cererbellum. medRxiv 2022.
doi: https://doi.org/10.1101/2022.05.09.22274814
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Deep cerebellar nuclei:

Nucleus fastigii (F)
Nucleus globosus (G)
Nucleus emboliformis (E)
Nucleus dentatus (D)

Ncl. interpositus
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Superior peduncle

Pons

Olive

Wikipedia.org
Illustration from Anatomy & Physiology, Connexions Web site.
http://cnx.org/content/col11496/1.6/, Jun 19, 2013.
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Superior peduncle
— ———

Inferior peduncle

Pons

Olive

Wikipedia.org
Illustration from Anatomy & Physiology, Connexions Web site.
http://cnx.org/content/col11496/1.6/, Jun 19, 2013.
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Iglesias JE, et al. Neuroimage. 2015
doi: 10.1016/j.neuroimage.2015.02.065.
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Sequences:

— T1 weigthed

— T2 weighted

— FLAIR

— Diffusion weighted

— lron sensitive sequences

— Gadolinium
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Hamosiderosis

Chiari malformation
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Stroke:
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Stroke:

Jung, KH., et al. (2013), Handbook of the Cerebellum and Cerebellar Disorders.
https://doi.org/10.1007/978-94-007-1333-8_90
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MSA

Abe et al., ) Neuroimaging 2006;
doi: 10.1177/1051228405279988
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MSA

- -

Grade 1

Abe et al., ) Neuroimaging 2006;
doi: 10.1177/1051228405279988
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Width of the middle cerebellar peduncle (MCP)

in MSA

Middle Cerebellar Peduncle width (mm)
@®
1

»
i

T T T
MSA PD Controls

Nicoletti G, et al. Radiology. 2006
doi: 10.1148/radiol.2393050459

Hyperintensities of the MCP
in MSA
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O s this a hot cross bun sign?
Single choice
Yes

No

Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2
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69-year old female with ataxia. What diagnosis

do you think is probable?

Single choice

MSA-C

Other

Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2
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SCA1

Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2
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Stroke
MS lesions

Chiari malformation

Superficial siderosis
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Morbus Alexander

Farina L, et al. AINR Am J Neuroradiol.
doi: 10.3174/ajnr.A1060.
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AOA2
SCAb6

SCA3
Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2
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SCAb6 AOA2 SCA3

Faber, UKB
Cocozza S, et al. Neuroradiology. 2021
doi: 10.1007/s00234-021-02682-2
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- Essential in the diagnostic work-up
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- Essential in the diagnostic work-up

- High relevance for identifying acquired causes
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- High relevance for identifying acquired causes

- Limited relevance for identifying disease specific patters
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- Essential in the diagnostic work-up
- High relevance for identifying acquired causes
- Limited relevance for identifying disease specific patters

- Combine clinical and imaging information
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Essential in the diagnostic work-up

High relevance for identifying acquired causes

Limited relevance for identifying disease specific patters
Combine clinical and imaging information

Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation
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Essential in the diagnostic work-up

High relevance for identifying acquired causes

Limited relevance for identifying disease specific patters
Combine clinical and imaging information

Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation

Take brainstem into consideration

European
Reference
Network
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Combine clinical and imaging information

Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation

Take brainstem into consideration
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Essential in the diagnostic work-up

High relevance for identifying acquired causes

Limited relevance for identifying disease specific patters
Combine clinical and imaging information

Tracking of confirmed diagnoses provides no additional information, except for
changes in the clinical presentation or in a research context

Take brainstem into consideration
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Cerbellar volumetry as a potential imaging biomarker
For spinocerebellar ataxia type 3/Machado-Joseph Disease (SCA3/MJD)

CAG repeat expansion
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Cerbellar volumetry as a potential imaging biomarker

For spinocerebellar ataxia type 3/Machado-Joseph Disease (SCA3/MJD)

Disease stages

L & &

Clinical scales, e.g. ataxia severity (SARA)

Biomarker
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Evers et al., Mol Neurobiol 2014
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CerebNet
A fast and reliable deep-learning pipeline for detailed
cerebellum sub-segmentation
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Artificial Intellegence in Medical Imaging
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Pre-ataxic SCA3 vs. HC Ataxic SCA3 vs. Pre-ataxic SCA3
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Thank you for your attention!
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https://ataxia-global-initiative.net/about-the-young-investigator-
initiative/
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It is often challenging for junior researchers to get an overview
in the field of a rare disease like ataxia. The Young Investigator

I Initiative (YII) was initiated by Heike Jacobi and Jennifer Faber
and formed within the framework of SCA Global as a platform
for scientific exchange amongst young researchers and for
education and training purposes. The idea is to assure high
quality of clinical assessments by trained clinicians and to

About ~

Governance | Working Groups ‘ Projects | Resources ~ | Young Investigators ~

Young Investigator Initiative (YII)

Events ~




