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MRI	IN	DEMENTIA	
Exclusion	of	other	causes	

Extensive	(>25%)	
WM	lesions	

Large	cor)cal	infarc)on	

Mul)ple	lacunar	infarcts	

Vascular	cogni)ve	
impairment	

O’Brien	and	Thomas,	
Lancet	Neurol	2015	

Normal	pressure	
hydrocephalus	
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HC PSP

Index: [(P/M) * (MCP/SCP)]

Atypical	parkinsonisms	

You will have MRI for the majority of subjects with cognitive/
behavioural decline! 



MRI	IN	DEMENTIA	
Outline	

•  Structural	MRI	features	of	the	main	
neurodegenera)ve	demen)a	(AD	vs	FTD	vs	DLB)	
•  Cri)cal	issues	in	the	use	of	MRI	in	clinical	prac)ce		

•  Any	contribu)on	of	other	MR	techniques	(DTI	and	
res)ng	state	fMRI)?		

•  Structural	MRI	features	of	the	main	
neurodegenera)ve	demen)a	(AD	vs	FTD	vs	DLB)	
•  Cri)cal	issues	in	the	use	of	MRI	in	clinical	prac)ce		

•  Any	contribu)on	of	other	MR	techniques	(DTI	and	
res)ng	state	fMRI)?		



MRI	IN	DEMENTIA	
Brain	atrophy	in	AD	

Agosta	et	al.,	PNAS	2009	

All	AD	 ApoE	ε4	carriers	vs	noncarriers	

ApoE4	effect	

Migliaccio	et	al.,	Neurology	2010	

Atypical	AD	

Laakso	et	al.,	Neurobiol	Aging	1998	

Right	HV	 LeW	HV	

p<0.001	 p<0.001	

Hippocampal	atrophy	

Sensi)vity	84%,	specificity	89%	



MRI	IN	DEMENTIA	
Brain	atrophy	in	non-AD	demen)a	

Harris	et	al.,	Neurology	2013	

Total	sample	=	156	path-proven	pa)ents	
with	demen)a	

	
*False	posi.ve	subjects	were:	9	AD,		

1	mixed	AD	+	LBD,	1	LBD,	1	prion	disease,	2	
cerebrovascular	disease,		
1	not-specific	changes	

*

Seeley	et	al.,	Arch	Neurol	2008	

Behavioural	FTD	

CDR	0.5	 CDR	1	 CDR	2+	

Gorno-Tempini	et	al.,	Ann	Neurol	2010	

PPA	



MRI	IN	DEMENTIA		
Brain	atrophy	in	non-AD	demen)a	

Nedelska	et	al.,	Neurobiol	Aging	2015	

AD	pathology	
More	rapid	clinical	course	
Cogni.ve	decline	

Progression	of	motor	symptoms	

If	hippocampal	atrophy!	

McKeith	et	al.,	Neurology	2017	

DLB	revised	diagnos)c	criteria	

AD	vs	DLB	
risk	
(2	years)	
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p<0.001	

Cumula)ve	incidences	of	
progression	to	DLB	and	AD	by	

normal	HV	vs	atrophy	



MRI	IN	DEMENTIA	
Brain	atrophy	in	diagnosis	

An	algorithmic	approach	to	(GOOD)	structural	imaging	in	demen)a	

Harper	et	al.,	JNNP	2014	
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Outline	
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MRI	IN	DEMENTIA		
Visual	ra)ngs	vs	quan)ta)ve	measures	
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VBM	vs	6	visual	ra)ng	scales	in	184	path-proven	cases	

<	3	minutes	to	apply	all	6	scales!!	



MCI	converters	vs	MCI	stable	

Data		
augmenta,on	
	Image	sample	size:	

(500+500)	MCI	converters	
(500+500)	MCI	stable	

Data	source:	ADNI	+	HSR	
Image	sample	size:		

(228+25)	MCI	converters	
(459+21)	MCI	stable	
(training,	valida)on)	

	
Classifier:	MCI	converters	vs		

MCI	stable	
Accuracy:	74.9	%	
Sensi)vity:	75.8	%	
Specificity:	74.1	%	

	

Transfer	
learning	
AD	vs	HC	

	

Deep	learning	&	MRI	in	AD	
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MRI	IN	DEMENTIA	
Supervised	automa)c	tools	
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Perry	et	al.,	Brain	2018	

MRI	IN	DEMENTIA	
Specificity	to	pathology	

Rohrer	et	al.,	Brain	2011	

FTD	spectrum	



Clinical	+	review	of	conven)onal	
neuroimaging	(MRI,	CT	and/or	PET)	

FTLD	TAU	vs	FTLD	TDP-43	

MRI	IN	DEMENTIA	
Specificity	to	pathology	

Spinelli	et	al.,	Ann	Neurol	2017	
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MRI	IN	DEMENTIA		
The	contribu)on	of	advanced	MRI	

AD	

MCI	

GM	atrophy	 WM	damage	
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Agosta	et	al.,	Cereb	Cortex	2012	

Nonfluent	

Seman)c	

bvFTD	

FA	 GM	atrophy	

MVs	vs	WM	damage	in	MCI	

Increased	CSF	MVs	
in	AD	and	MCI	

Agosta	et	al.,	Ann	Neurol	2014	



MRI	IN	DEMENTIA		
The	contribu)on	of	advanced	MRI	

bvFTD	vs	nonfluent	
	
bvFTD	vs	seman)c	
	
Nonfluent	vs	seman)c	

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%	

Agosta	et	al.,	Cereb	Cortex	2012	

Seman)c	vs	nonfluent	PPA	

	Mul)modal:	
GM	+	WM	

Agosta	et	al.,	Radiology	2015	

bvFTD	vs	PPA	
Language:	
Confronta.on	naming		
Object	knowledge		
Single	word	comprehension		
Syntac.c	comprehension		
Repe..on	
Apraxia	of	speech	

+	

Canu	et	al.,	Cortex	2018	

Logopenic	vs	nonfluent	PPA	

Canu	et	al.,	Neuroimage	Clin	2017	

L	Inferior	parietal	th.	
R	Temporal	pole	th.	
L	cingulate	th.	

100.0	
96.1	
		75.8	

NVI	

Random	forest	analysis:	bvFTD	vs	EOAD	

R	uncinate	axD	
R	uncinate	radD	
R	uncinate	MD	

100.0	
		98.3	
		80.5	

NVI	White	maoer	 Gray	maoer	

EO
AD
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WM	damage		 GM	atrophy	

bvFTD	EOAD	

bvFTD	vs	EOAD	



MRI	IN	DEMENTIA		
The	contribu)on	of	advanced	MRI	

Agosta	et	al.,	Neurology	2013			

Healthy	controls	

ACC	

MCC	 Prec	

Cal	
MOG	
Cun	

ITG	
Lin	

MTG	

MCC	

Inf	OFC	

SFG	

Prec	

Cal	
Cun	

ITG	
Lin	

MTG	

bvFTD	

MCC	

Prec	

Cal	
MOG	MTG	

PoCG	

STG	

MCC	

Prec	

Cal	

ITG	

MTG	

PreCG	

STG	

bvFTD	vs	HC	

EOAD	vs	bvFTD	

EOAD	vs	HC	
L	 R	

bvFTD	>	HC	

EOAD	<	HC	
bvFTD	<	HC	
EOAD	<	bvFTD		

bvFTD	vs	HC	 EOAD	vs	bvFTD	EOAD	vs	HC	
R	L	

Filippi	et	al.,	Neurology	2017	

Zhou	et	al.,	Brain	2010	

DMN	 Salience	

Salience	N	-	DMN	score:		
sensi)vity	92%	
specificity	96%	

bvFTD	vs	AD		

4	0	

Salience	N	
Filippi	et	al.,	Cortex	2013	



MRI	IN	DEMENTIA		
The	contribu)on	of	advanced	MRI	

Medaglia	et	al.,	Neurology	2017	

CBS-AD	>	CBS-noAD	

CBS-noAD	>	CBS-AD	

McMillan	et	al.,	Neurology	2016	

		MD	

p<0.05	FWE	

FTLD	TAU	vs	TDP-43	

Agosta	et	al.,	Human	Brain	Mapp	2015	
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FTLD	TAU	vs	TDP-43	



MRI	CONTRIBUTION	
Conclusions	

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

•  Structural	MRI	provides	the	topography	of	atrophy	which	might	inform	
on	the	underlying	neurodegenera)ve	e)ology	

ü  MRI	is	more	than	hippocampal	volume	

ü  Visual	ra)ngs	vs	quan)ta)ve	measures?	Supervised	tools	may	be	the	answer	

ü  Select	pa)ents	for	further	“pathophysiological”	markers	

ü  Strong	u)lity	in	non-AD	demen)a	

ü  (Possibility	to	enrich	for	presence/absence	of	atrophy)	

ü  (Stage	the	disease)	
•  Future	 role	 for	MRI	may	 include	measuring	 white	maoer	 and	 res)ng	

state	fMRI	changes	
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