MRI in ALS

Federica Agosta, MD, PhD

Neuroimaging Research Unit, Institute of Experimental
Neurology, Division of Neuroscience, San Raffaele Scientific
Institute, Vita-Salute San Raffaele University, Milan, Italy



MRI IN ALS
Background
Proposed staging of pTDP-43 pathology in ALS

Stage 1
[ Stage 2
M Stage 3
B Stage 4

Stage1l Motor cortex, bulbar and
spinal somatomotor neurons

Stage 2  Reticular formation,
precerebellar nuclei

Stage 3  Prefrontal cortex and basal
ganglia

Stage4 Anteromedial areas of the
temporal lobe and the
hippocampal formation

formation Inferior

olivary complex

Braak et al., Nat Rev Neurol 2013
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ALS vs controls

Posterior

C-statistic ALS vs. controls 0.75
Progression rate: r=-0.33, p=0.03

*
Optimal cutoff = 2.42 mm:
Specificity 82%
Sensitivity 84%

T-value
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2.39
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2.46

Cutoff value CT (mm)

2.54

2.61

0.0

0.2

1 | ]
0.4 0.6 0.8
False positive rate

1.0

Verstraete et al., JNNP 2012

Agosta et al., PlosONE 2012

MRI IN ALS
GM damage / Motor cortex &
clinical correlations

Bulbar and limb-onset ALS vs controls

The Motor

Homunculus
Y =-18 mm (A)

Y= 8mm|(P) Y= 10mm (P) Y= 14 mm (P)

Coordinates of maxima
Bulbar region (blue) cluster X =-62.00 mm (R) Y = 2.00 mm (P) Z = 36.00 mm (S)
Limb region (orange) cluster X =34.00 mm (L)Y = 18.00 mm (P) £ = 62.00 mm (5)

Bede et al., JNNP 2012



MRI IN ALS GM damage /
Extramotor damage & cognition MND-MOTOR vs controls

t values

MND-PLUS vs MND-MOTOR
R R

Lateral
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Medial Agosta et al., Hum Brain Mapp 2016
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CST FA vs UMN score and disease M RI IN ALS
duration WM damage / CST

CST damage vs
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CST FA decrease in patients without Disease progression rate

UMN signs at the time of MRI

Independent predictors of survival:
ALSFRS deterioration rate
(p=0.01, HR=2.2, 95% CI=1.2-3.9)
CSTFA
(p=0.06, HR=0.94, 95% CI=0.89-1.00)

L] Sachetal., Brain 2004 Agosta et al., Eur J Neurosci 2010




MRI IN ALS

Extramotor WM damage

Cognitive impairment vs WM damage

in ALS

Corpus callosum ' Bilateral
! V[ < Partial R2=0.25

Bilateral
Partial R=0.30

Right ILF ;
g Right Right
Partial R=0.30 Partial R2=0.29
N Left . Left
Left IFOF 51 Partial R?=0.46 Partial R?=0.43

Sarro et al., AJNR 2011

PLS without cognitive deficits vs controls

Canu et al., PlosONE 2013



MRI IN ALS Increased FC in PLS vs controls
Functional connectivity Sl o

ALS vs controls - ALSFRS-R
: Progr-rate

FA CC-PMC
FA CC-SMA

Fluency
FA CC-body

[ ] Increased FC

] Reduced structural connectivity p<0.05
Douaud et al.. Brain 2011 Agosta et al., Neurobiol Aging 2013



MRI IN ALS

Functional connectivity
RS networks ALS vs controls

DMN:

WCST score vs connectivity of
L precuneus (B=-0.087) and

L angular gyrus (f=-0.040)

Right fronto-parietal:

WCST score vs connectivity of
R angular gyrus (B=-0.055) and
L PCC (B=-0.022)

A [

Agosta et al., Neurobiol Aging 2013

Right fronto-
parietal

Left fronto- §
parietal




MRI IN ALS

Network analysis
Affected subnetwork

after 6 months

baseline (T=1) potential longitudinal connectivity changes (T=2)
T=] connections
affected

A: progressive
impairment of initially

o Bs
impaired structural B
connections - 7
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M s
| B: expandin _E
- = structura - EXp g b
connection subnetwork of =
impaired connectivity 2
—  impaired
connection
— severe impaired
connection
o = node/brain B A+B
region
_ brain region
with impaired
connecuivity C: impairment of
distant structural

connections

Verstraete et al., Hum Brain Mapp 2013



s ® Neuroimaging in amyotrophic lateral sclerosis:
insights into structural and functional changes

CrossMark

Adriano Chio*, Marco Pagani*, Federica Agosta, Andrea Calvo, Angelina Cistaro, Massimo Filippi*

Lancet Neurol 2014; 13: 1228-40

Thinning of the precentral cortex
Reduced N-acetylaspartate
concentrations

Increased myo-inositol concentrations

Reduced binding of benzodiazepine
to subunit of GABA-A receptors
Reduced binding of serotonin 1A
receptors

Increased binding of peripheral

benzodiazepine receptors

Thinning of the frontotemporal cortex
Frontotemporal white-matter tract
damage

Atrophy and white-matter damage
associated with cognitive impairment

Corticospinal tract

Corpus callosum

Hypometabolism and hypoperfusion
in cognitively impaired ALS (bulbar
variant, ALS and FTD, and C9orf72
mutation)

Reduced binding of benzodiazepine to
subunit of GABA-A receptors

Reduced binding of serotonin 1A
receptors

Reduced fractional anisotropy
Reduced N-acetylaspartate

concentrations
Hypermetabolism <:
Increased binding of
peripheral benzodiazepine Astrocytosis
receptors Activated microglia
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MRI IN ALS
Spinal cord
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Healthy Pre-fALS ALS
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Valsasina et al., JNNP 2007
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MRI in ALS
Peripheral NS

Healthy control Nerve root increased signal

STIR

3D T2 VISTA ' ©
Nerve root T2 signal vs
disease progression:

r=0.40

Healthy control
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Adipose tissue deposition
between trapezius and
supraspinatus muscle
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