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MRI IN DEMENTIA
Exclusion of other causes

You Will have MRI for the majority of subjects with cognitive/

behavioural decline!

Extensive (>25%)
WM lesions

Vascular cognitive Normal pressure Atypical parkinsonisms
impairment hydrocephalus
- MR Parkinsonism § MCP/SCP  P/M
Cutoff and Statistical Values Index Value Value Value g
PSP patients vs PD patients (_O\l
Cutoff value =13.55 =2.69 =4.88 >
Sensitivity (%) 100 78.8 90.9 20
Specificity (%) 100 88.9 935 5
PPV (%) 100 68.4 81.1 o)
PSP patients vs MSA-P patients g
{ : ‘ Cutoff value =12.85 =2.43 =4.62 >
| B -~ Sensitivity (%) 100 93.9 97.0 ©
\ il il y TR - DO YO Y7 — WREPY, W— NP SR— -
)
>
_U)
B
b)

O’Brien and Thomas,
Lancet Neurol 2015

Multiple lacunar infarcts
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MRI IN DEMENTIA
Outline

e Structural MRI features of the main
neurodegenerative dementia (AD vs FTD vs DLB)
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MRI IN DEMENTIA
Brain atrophy in AD
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Sensitivity 84%, specificity 89% Migliaccio et al., Neurology 2010
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MRI IN DEMENTIA

Brain atrophy in non-AD dementia

Behavioural FTD
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A) All PPA patients versus control

Gorno-Tempini et al., Ann Neurol 2010
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Sensitivity Specificity Positive Negative
predictive value predictive value

Total sample = 156 path-proven patients
with dementia

*False positive subjects were: 9 AD,
1 mixed AD + LBD, 1 LBD, 1 prion disease, 2
cerebrovascular disease,
1 not-specific changes

Harris et al., Neurology 2013




Brain atrophy in non-AD dementia

MRI IN DEMENTIA

DLB revised diagnostic criteria

Supportive biomarkers

Relative preservation of medial temporal lobe structures on CT/MRI scan.

Generalized low uptake on SPECT/PET perfusion/metabolism scan with reduced occipital
activity = the cingulate island sign on FDG-PET imaging.

Prominent posterior slow-wave activity on EEG with periodic fluctuations in the pre-alpha/

theta range.
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MRI IN DEMENTIA
Brain atrophy in diagnosis

An algorithmic approach to (GOOD) structural imaging in dementia

Normal ageing,

Generalised Cerebral Atrophy? m.lld c9gn1t1ve
impairment
or early DLB
AD, DLB,
other neuro-
degenerative
disease or
vascular disease AD, DLB,
(see Fig. 2) Focal Lobar Hip:):(?cc:rlnpa | MAPT (ant>post),

HS (asymmetric)

Including the ]

[ bvFTD, CBS Frontal Parietal/Occipital] midbrain
[ Temporal ]
_ PSP ]
[ Left > Right PCA, CBS, DLB]
[ Left > Right Right > Left ]

AD: Alzheimer's diseasebvFTD: Behavioural variant frontot

PNFA (posterior
fronto-insular
atrophy) SD, bvFTD bvFTD
(ant>post),
LPA

(post>ant) Harper et al., JNNP 2014




MRI IN DEMENTIA
Outline

 Critical issues in the use of MRl in clinical practice



MRI IN DEMENTIA
Visual ratings vs quantitative measures

Harper et al., Brain 2016
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MRI IN DEMENTIA

Supervised automatic tools

Feature extraction

Classification

Step 1: Training

Training subjects

CN

AD

Structural MRI

Functional MRI

Classification model

Training
set

=

Step 2: Diagnostic support

83388 §

Test iE
subject:

Functional MRI

Test

setl

Rathore et al., Neurolmage 2017

Deep learning & MRI in AD

b) Convolutional layer

a) Input image

Subjects Type Classification algorithm Database Classification accuracy

AD MCI pMCI sMCI CN AD/CN MCI/CN AD/MCI  sMCI/pMCI
(Fan et al., 2008b) - 15 - - 15  SFC SVM BLSA - 90.00 - -
(Vemuri et al., 2008) 190 - - - 190 SFC SVM ADNI 89.30 - - -
(Kohannim et al., 2010) 158 264 - - 213 SFC SVM ADNI 93.81 75.49 - -
(Davatzikos et al., 2011) - - 69 170 - SFC SVM ADNI - - - 61.70
(Dukart et al., 2011a) 21 - - - 13 SFC SVM Leipzig 100.00 - - -
(Cui et al., 2011) 9% - 56 87 111  SFC SVM ADNI - - - 67.13
(Cui et al., 2012) - 79 - - 204 SFC SVM SMAS - 71.09 - -
(Dukart et al., 2013) 49 - - - 41 SFC SVM ANDI, Leipzig  90.00* - - -
(Zhang et al., 2014) 24 57 - - 97 SFC Kernel SVM decision-tree OASIS 96.00 85.00 88.00 -
(Zhu et al., 2014) 51 99 - - 52 SFC SVM ADNI 95.90 82.00 - -
(Li et al., 2014a) 21 - - - 15 SFC SVM TH 94.30 - - -
(Apostolova et al., 2014) 95 182 - - 111 SFC SVM ADNI 85.00 79.00 70.00 -
(Moradi et al., 2015) 200 - 164 100 231 SFC LDS, Random forest ADNI - - - 81.72
(Zheng et al., 2015) 163 - 104 94 189  SFC SVM ADNI 92.11 - - 79.37
(Tang et al., 2016) 29 - - - 23 SFC LDA, SVM TH 94.60 - - -
(Schouten et al., 2016) 77 - - - 173 SFC Elastic net classifier PRODEM 93.00 - - -

Data source: ADNI + HSR
Image sample size:
(228+25) MCI converters
(459+21) MCl stable
(training, validation)

Data
augmentation

U

Image sample size:
(500+500) MCI converters
(500+500) MCI stable

c) Pooling d) Fully-connected e) Output
layer

Basaia et al., Neurolmage Clin 2018

MCI converters vs MCI stable

Transfer
learning
AD vs HC

Classifier: MCI converters vs
MCI stable
Accuracy: 74.9 %
Sensitivity: 75.8 %
Specificity: 74.1 %




MRI IN DEMENTIA
Specificity to pathology

Results from bvFTD cohort, n = 101*
FTD spectrum '
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enavioura narome
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? —p [\ ) 1AD
/ J ‘ v b 3 T0P-8, TOP-A, TOP-U [ 970P-B, 2 TOP-U 3ALS ]
CBD \‘ v Asymmetric anterior temporal-predominant atrophy? |
No - =P TOP-C>>Pick’s, AD [BTDP-C, 1 Pick’s 1 aFTLD-U, 1 TDP-B ]
PSP-S signs?
- -
| B \ ' 1 ' o~ PSP>>CBD or unclassifiable tauopathy I 4 PSP, 1 CBD 1 TDP-B ]
TDP-C k' ' | Onset age<40 and severe caudate atrophy? |
No; Lo $ FTLD-FUS, usually aFTLD-U | 1 aFTLD-U |

I Knife-edge bifrontotemporal atrophy? |

Ncl = P Pick’s 6 Pick’s 1 unclassifiable tau, 1 PSP,
1 afTLD-U, 1 TDP-B
| Dorsal or ventral predominant atrophy? I
Including PCC/PreCu
- > AD [QAD 2 PSP, 1 CBD, 1 TDP-A ]
Dorsal
=) Common [3 CBD, 1 PSP 3 AD, 1 aFTLD-U, 3 TDP:B, 1 m,—.nl
CBD, PSP, TDP-A
Ventral Rare
MST
v
Common | 1TDP-B 2 CBD, 2AD I
TDP-B
Rare
FTLD-FUS, AGD Perry et al., Brain 2018

Rohrer et al., Brain 2011



MRI IN DEMENTIA
Specificity to pathology

75 recruited PPA patients
with pathological diagnosis

2 nfvPPA: GRN + (TDP-A)
1 svPPA: C90ORF72 + (TDP-B)
3 svPPA: MIND signs (TDP-B)

69 included PPA patients \
| ‘ e [ . l

29 svPPA: 25 nfvPPA: 11 IvPPA: 4 mixed PPA:
26 w/ cognitive 24 w/ cognitive 10 w/ cognitive 4 w/ cognitive
screening, 20 also screening, 22 also screening, 8 also screening, 3 also
language battery language battery | language battery language battery

[ 1
Case selection for NEUROIMAGING ANALYSIS

3 TDP-C: no MRI e
scan 1 TDP-A: no = ‘ 1 TDP-A:
11 GGT: no MRl scan MRI scan FIMRI s'can —ino MRI
2 TDP-C: no MRI 1 PiD: CDR=3 scan
scan - ‘
|
23 svPPA: 23 nfvPPA: 9 IvPPA: 3 mixed PPA:
23 w/ cognitive 23 w/ cognitive 9 w/ cognitive 3 w/ cognitive
screening, 19 also screening, 21 also screening, 8 also screening and
language battery language battery language battery language battery

Spinelli et al., Ann Neurol 2017

Clinical + review of conventional

neuroimaging (MRI, CT and/or PET)
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MRI IN DEMENTIA
Outline

* Any contribution of other MR techniques (DTI and
resting state fMRI)?



MRI IN DEMENTIA
The contribution of advanced MRI

FA M GM atrophy
Agosta et al., Cereb Cortex 2012

e e TN
et it T Increased CSF MVs

in AD and MCI

L) L) L)
non converters AD

Conve”el\fASCI Agosta et al., Ann Neurol 2014




MRI IN DEMENTIA
The contribution of advanced MRI

bvFTD vs EOAD

EOAD vs bvFTD
Increased axD

GM atrophy

Q<

23

320

EOAD M bvFTD
Random forest analysis: bvFTD vs EOAD

White matter NVI Gray matter NVI
R uncinate axD 100.0 L Inferior parietalth. 100.0
RuncinateradD 98.3 R Temporal pole th. 96.1
Runcinate MD  80.5 L cingulate th. 75.8

Canu et al., Neuroimage Clin 2017

bvFTD vs PPA

VFTD vs nonfluent

VFTD vs semantic

onfluent vs semantic

L SLF radD

Anterior CC radD

L ILF axD
L uncinate axD
L uncinate axD
L ILF axD

0.74%
0.74%
0.91%
0.88%
0.96%
0.98%

Sensitivity (%)
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Agosta et al., Cereb Cortex 2012

Semantic vs nonfluent PPA

]
1 [
Multimodal:
| I_J GM + WM

— L temporal pole th - AUC=81.1%
L UNC axD - AUC=80.8%

— L pars opercularis th - AUC=76.9%
LILF axD - AUC=83 4%
Combined GM - AUC=89 9%

Combined WM - AUC=84.6%
Combined - AUC=91.12%

T
100 80 60 40 20

Specificity (%)

Agosta et al., Radiology 2015
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Logopenic vs nonfluent PPA

Language:

Confrontation naming
Object knowledge

Single word comprehension
Syntactic comprehension
Repetition

Apraxia of speech

+

Language

—— AUC: 0.82 (95%CI: 0.65-0.99)
-==AUC: 0.94 (95%ClI: 0.86-1.00)

T T T T
06 0.4 0.2 0.0

Specificity

Canu et al., Cortex 2018



MRI IN DEMENTIA
The contribution of advanced MRI

bvFTD < HC Healthy controls EOADvs HC  bvFTDvs HC  EOAD vs bvFTD
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MRI IN DEMENTIA
The contribution of advanced MRI

CBS-AD > CB5-noAD FTLD TAU vs TDP-43

Apraxia

Asymmetric rigidity

CBS pathologic
subgroup
Non-AD (n=23)

B /D (n=12)

Behavioral limitations
Corticosensory loss
Dystonia

Effortful speech

Episodic memory
impairments

Executive dysfunction
Myoclonus
Naming limitations

Visucspatial impairment

T T T T
0.0 01 02 03 04 05 06

Sign/symptom frequency

McMillan et al., Neurology 2016 Agosta et al., Human Brain Mapp 2015
FTLD TAU vs TDP-43
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MRI CONTRIBUTION
Conclusions

e Structural MRI is mandatory to exclude the presence of secondary
causes

e Structural MRI provides the topography of atrophy which might inform
on the underlying neurodegenerative etiology

MRI is more than hippocampal volume

Visual ratings vs quantitative measures? Supervised tools may be the answer
Select patients for further “pathophysiological” markers

Strong utility in non-AD dementia

(Possibility to enrich for presence/absence of atrophy)

LN X X X ~

(Stage the disease)

 Future role for MRI may include measuring white matter and resting
state fMRI changes
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