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NEUROIMAGING IN DEMENTIA
Outline of the presentation

e Alzheimer’s disease (AD)
* Frontotemporal lobar degeneration (FTLD)
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NEUROIMAGING IN DEMENTIA
Background / AD theoretical model
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NEUROIMAGING IN DEMENTIA
AD / Revised diagnostic criteria

AD dementia criteria incorporating biomarkers

Biomarker probability

Diagnostic category of AD etiology

AP (PET or CSF)

Neuronal injury (CSF tau,
FDG-PET, structural MRI)

Probable AD dementia

Based on clinical criteria Uninformative

Unavailable, conflicting,
or indeterminate

Unavailable, conflicting,
or indeterminate

With three levels of evidence Intermediate
of AD pathophysiological Intermediate
process High

Unavailable or indeterminate
Positive
Positive

Positive
Unavailable or indeterminate
Positive

Possible AD dementia (atypical
clinical presentation)

Based on clinical criteria Uninformative

Unavailable, conflicting,
or indeterminate

Unavailable, conflicting,
or indeterminate

With evidence of AD
pathophysiological
PrOCess

High but does not rule
out second etiology

Positive

Positive

Dementia-unlikely due to AD

Negative

Negative

McKhann et al., Alzheimer’s & Dementia 2011
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NEUROIMAGING IN DEMENTIA
AD / Biomarke

Hippocampus (4 T scanner)
EFF, i -

m subiculum
B CAl
B CAl-2 transition

TABLE Ill. Mean and standard deviation of subfield and
total hippocampal volumes in mm’

Control MC1

190.7 + 54. 167.4 + 44.3 1444 + 48.3*
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NEUROIMAGING IN DEMENTIA
AD / Neural correlates of memory deficits

vy  Hippocampus segmentation

Medial Ventral Lateral

(B) Posterior cingulate  (B) Lateral orbitofrontal
() Precuneus

(D Inferior parietal

(2) Entorhinal
() Parahippocampal

Left @ Retrosplenial cortex

Stepwise regression analyses for the total sample with learning score (hits

minus intrusions) as the dependent variable

B p

R2

F

Model p

Total sample
Model 1
MR Hippocampus

Model 11
MR Hippocampus
PET Hippocampus

Model 111
MR Hippocampus
PET Hippocampus
MR Precuneus cortex

22.073

Model IV
MR Hippocampus
PET Hippocampus
MR Precuneus cortex
PET Inferior parietal cortex

Stepwise regression analysis for the total sample with recognition (hits minus

errors) as the dependent variable

B R’

Model p

Total sample
Model 1
MR Hippocampus

Model 11
MR Hippocampus
PET Hippocampus

Model III
MR Hippocampus
PET Hippocampus
MR Parahippocampal cortex

Model IV
MR Hippocampus
PET Hippocampus
MR Parahippocampal cortex

APOE 20.230
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NEUROIMAGING IN DEMENTIA 103 MCI, FU 1 year, 22 converters

MCI converters vs stable

MCI and normals ® AD / dorsal view ventral view
Hippocampal atrophy -
- 80 MCI, FU 32 months 27 converteres B L ' G

Decline in MMSE

§
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Donix et al., Neurolmage 2010

W= baseline normalized HV, adjusted for age and sex
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Converters vs.
non-converters (FU 2 yrs)

Q’; - o

Bozzali, Filippi et al., Neurology 2006

NEUROIMAGING IN DEMENTIA

MCI and normals ® AD / GM atrophy

STAND: Structural Abnormality Index

Estimated probability of
remaining free of AD
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Log relative hazard

NEUROIMAGING IN DEMENTIA
MCI and normals ® AD / Metabolic and amyloid imaging changes

FDG PET: MCI converters (FU 12 months)
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HV and PIB PET: Risk profile as a function of
Increasing biomarker severity in MCI (FU 2 yrs)
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AB load

PIB PET: HC converters vs

nonconverters (FU 20 months)

Characteristic

[r,_ll'[il;_'l}'l.il_'lﬂ,!-i. NI'I.

Age at baseline, yr

Gender, M/F

Years of education

MMSE ar baseline

CDR ar baseline

CDR-50B at baseline

I'!?::."lli.lJlIIF: &4

F.}Ji'imli: MEmory so0re

Ml'lr'll'l'll.'l'l'li.!"l':'-" SC0TC

HC
Nonconverter
to MCI/DAT

1)
72974
48/52
13.2+3.6
29. 3209
0.05+0.14
0.14+0.42
31%
0.11=0.8
0.01£0.7

HC Converter
to MCI/DAT

O

75.2%8.4

5"

13.04

282+

0.3320.26"

0.40+0,22

/Y
-1.28+0.47

0.01+0.4

PiB SUVR

% high PIB

B SUVE increase

1.4+0.4
28%

0.01+0.06
(0.7%)

2006
EL

0.05£0.04
(2.5%)

I‘ﬁigrnli-..uulh' different from nonconverters (p < 0.03).
“Signthicantly different from nonconverters (Fisher exact test ¢ < 0,01),

Villemagne et al., Ann Neurol 2011
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128 subjects:

88 carriers

(40 PSENLI,

3 PSENZ2,

8 APP pedigrees)
and 40
noncarriers

NEUROIMAGING IN DEMENTIA
Dominantly inherited AD

Moncarriers Carriers

A Clinical Dementia Rating-Sum of Boxes

5yrs

I T I
-30 -20 -10 0
Estimated Yr from Symptom Onset

B Mini-Mental State Examination

30+

25+

201 5yrs
15
il
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-0 -20 -10 0 10 20

Estimated Yr from Symptom Onset

C Logical Memory
20

154 __;.._;_ﬂh;;;_J__';;;;;,ﬂ

10+

10 yrs |

5
=

T T T T T T
-30 =20 -10 0 10 20

Estimated Yr from Symptom Onset

D Hippocampal Volume
10,000

9,000

ME 8,000+

E 7 000

15yrs

6,000
iq

T T T T T
-30 -20 -10 0 10 20

Estimated Yr from Symptom Onset

E Glucose Metabolism in the Precuneus
2.4+ |
e 2 ) |
ER T |
1.64 |
1.4
1.2
1.01

“

10 yrs

T T T T T T
-30 20 -10 0 10 20

Estimated Yr from Symptom Onset

F ApB Deposition in the Precuneus
1.4 |
1215 yrs |

R T
3 08
in

0.6

0.4+

-30 -20 -10 0 10
Estimated Yr from Symptom Onset

G CSFTau
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NEUROIMAGING IN DEMENTIA
Dominantly inherited AD — Combined model
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NEUROIMAGING IN DEMENTIA AD @By /ey 4%,

AD / WM damage

Increased MD
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Decreased FA

x=23 x=0 =23

MCI: Increased axial D

Agosta, ... Filippi. Radiology 2011

MCI

f.ﬂ'
-~ 3 B GM atrophy @ WM damage

CN-aMCI converters vs. CN-stable (FU 2yrs)

Predictor of
convertion to
MCI (p=0.01) :

Predictor of
episodic memory
decline (p=0.03)
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NEUROIMAGING IN DEMENTIA
AD / Cortical reorganization

Decreased network activity
In AD patients vs. controls
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Greicius et al., PNAS 2004 Agosta, ... Filippi. Neurobiol Aging 2011
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NEUROIMAGING IN DEMENTIA

MCI and normal a AD / Cortical reorganization

MCI nonconverters CN PIB+ vs. PIB-

\

PiB- PiB+ PiB- > PiB+

3 N=17 N=21
" x=0_ _
MCI converters q;

& &

YY)

Cognitive outcome tested in models

y =-20
Variables in model Model 1: conversion to AD Madel 2: D CDR-SB :
10.64 (0.025)[20.16 t0 1.12] 3.84(0.0075)[-1.23 to - 6.44] p . "
70.75(0.040)[139.491t0 2.02] -32.51(0.0036)[-12.56 to —52.46]
e 0.01(0.83)[0.09t0 -0.11] t
- 5

0.07(0.65)[0.37 to -0.23]
116(0.053)[2.36 to -0.04]  -0.20(0.30)[0.18 to - 0.59] T=2" 55 2

CVLT-del = = Hedden et al., J Neurosci 2009

QBN TBIOAINTIOy

0.33(0.29)[0.96 to —0.30] 0.13(0.35)[0.14 to —0.41]
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NEUROIMAGING IN DEMENTIA
Modelling neuroimaging findings in AD

Amyloid markers

Preclinical MCI Dementia Years
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NEUROIMAGING IN DEMENTIA
Outline of the presentation

e Alzheimer’s disease (AD)
* Frontotemporal lobar degeneration (FTLD)
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NEUROIMAGING IN DEMENTIA
FTLD / Brain atrophy

Behavioral FTD

Courtesy of M.L. Gorno-Tempini Agosta, ... Filippi. Cer Cortex 2011
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NEUROIMAGING IN DEMENTIA
bvFTD and PPA / Revised diagnostic criteria

ll. Probable bvFTD
All of the following symptoms (A-C) must be present to meet criteria.

A. Meets criteria for possible bvFTD
B. Exhibits significant functional dedine (by caregiver report or as evidenced by Clinical Dementia Rating Scale or Functional Activities

Questionnaire scores)

C. Imaging results consistent with bvFTD [one of the following (C.1-C.2) must be present]:
C.1. Frontal and/or anterior temporal atrophy on MRI or CT
C.2. Frontal and/or anterior temporal hypoperfusion or hypometabolism on PET or SPECT

Rascovsky et al., Brain 2011

Nonfluent Semantic Logopenic

|l. Imaging-supported nonfluent/agrammatic variant ll. Imaging-supported semantic variant PPA diagnosis Il. Imaging-supported logopenic variant diagnosis
diagnosis '

Both of the following criteria must be present: Both criteria must be present:

Both of the following criteria must be present: o _ ) _ ‘
1. Clinical diagnosis of semantic variant PPA 1. Clinical diagnosis of logopenic variant PPA

1. Clinical diagnosis of nonfluent/agrammatic variant ‘ _
PPA 2. Imaging must show one or more of the following 2. Imaging must show at least one of the following
results: results:

2. Imaging must show one or more of the following . .
results: a. Predominant anterior temporal lobe atrophy a. Predominant left posterior perisylvian or parietal

a. Predominant left posterior fronto-insular atrophy| b. Predominant anterior temporal hypoperfusion or StmEhy b e

on MRl or hypometabolism on SPECT or PET b. Predominant left posterior perisylvian or parietal

hypoperfusion or hypometabolism on SPECT or
b. Predominant left posterior fronto-insular PEF% P YP

hypoperfusion or hypometabolism on SPECT or
PET

Gorno-Tempini et al., Neurology 2011
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FTLD vs. AD / Brain atrophy and metabolism

AD vs. controls BvFTD vs. controls

bvFTD vs. AD

v
i
~

I FTLD<AD

BN AD<FTLD

FTLD < NC & .. Rabinovici et al., Am J Alzheimer’s Dis Ass Disorders 2008
FTD AD patient Control
i v \I i ? ) .. ’
W W

Ishii et al., J Nucl Med 1998

Clinical scenario Symptom checklist Scenario + checklist Transaxial FDG-PET SSP FDG-PET

Foster et al., Brain 2007
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FTLD vs AD / Amyloid imaging
PIB PET in FTLD PIB PET in PPA

Whole Brain Lateral Frontal

s
o

Mo
o

CONT

o

Lateral Temporal Medial Temporal Subcortical WM

_y
n

o
-]
5
a
0
a
m
S
5
o
o
Q
z

-
(=

=
(4

FILD CONT e AD FILD CONT - AD FILD

FTLD did not differ from controls

Clinical diagnosis

Positive ?damyloid uptake:

PIB higher in AD than in FTLD in whole 12 /13 logopenic (92%o)
brain, lateral frontal, precuneus, 1/9 semantic (11%)
and lateral temporal cortex 2/8 nonfluent (25%)

Rabinovici et al., Neurology 2007 Leyton et al., Brain 2011
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NEUROIMAGING IN DEMENTIA
FTLD / Atrophy vs behavioral and language changes

bV FT D : Sagittal, x=4 MOTgBRE;::mOUR Axial, z=72

Right Left Right

NPI sub-domains L
main effect All voxels p<0.001 uncorrected
VS G M at ro h 3 ' Precentral sulcus 3 T-score ]
. p y : Interaction Aberrant Motor Behaviour
non-FTD/semantic dementia only
3 T-score 5
T Aty
APAST:I-G{Y 3 T-score 5
intoroct I Disinhibition
FTD/semantic dementia only
DISINHIBITION
SGC

interaction,
FTD/semantic dementia only

PPA: cortical thickness
bvFTD: abnormal eating behaviors vs. language features

VS. G M IOSS Semantic Processing Sentence Repetition

INSULA |
R2:0-24, 0.04

number of sandwiches consumed during the variety lunch

Woolley et al., Neurology 2007
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FTLD / Atrophy progression

GM atrophy progression over 1 year in bvFTD

. ‘6‘"} ()

X=3
Brambati et al., Neurolmage 2007

GM atrophy progression over 2 years in PPA

Wisitz Il

Rogalski et al., Neurology 2011

Rates of 1-y whole brain atrophy vs.
behavioral and cognitive changes

MMSE change
FTLD cohort
bvFTD
SemD
PNFA

FAB change
FTLD cohort
bvFTD
SemD
PNFA

CDR-5SB change
FTLD cohort
bvFTD
SemD
PNFA

NPI-D change
FTLD cohort
bvFTD
SemD
PNFA

Increase In annual
whole braln atrophy (%)
(95% CIP® pValue

0.3([0.2to D.4)

0.2 (0.0t 0.4)

0.1({-2.0to02.1)

0.0(-1.0to 1.0

0.3 (0.1 to 0.5)
0.2(-7.0t07.0)
1.0(-1061w011.4)

0.1 (-0.31t00.5)

0.5[0.2to 0.7)
0.3{-2.41t0 3.0}
0.2(-291t031)

0.3[0.0t0 0.7)

0.0(0.0t00.1)
0.0(-0.1t00.2)

0.2(-0.1t00.5)

0.0(-0.4 to 0.5}
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PPA variants

Patient groups Ranking of variable Mean decrease
comparison Importance In accuracy

bvFTD vs. nonfluent L SLF radD 1.00

NEUROIMAGING IN DEMENTIA
FTLD / WM damag

1trol Case #5

- —

o ARC
f"?gf“
?ﬁi‘" P ._

I
-‘_"'w:.i
Vo
e

Anterior CC radD 0.97

bvFTD vs. semantic L ILF axD 1.00

L uncinate axD 0.57

Nonfluent vs. semantic L uncinate axD 1.00

L ILF axD 0.93

C

Index

0.74
0.74
0.91
0.88
0.96
0.98
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FTLD vs AD /| Cortical reorganization

DMN AD < HC Sallence bvFTD < HC
e . \ Salience N -
,,g"\_ DMN score:
sensitivity 92%o,
bVETD > HC specificity 96%
Zhou et al., Brain 2010
sw “ “
bvFTD vs. HC bvFTD vs. AD

LATT/WM N Filippi et al., Cortex 2012
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bvFTD / Graph analysis

Cortical hubs: : _ Reduced nodal degree:
healthy controls Sl ATl o5 L S e bvFTD vs controls
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PFDR<0.003

Agosta, ... Filippi. Neurology 2013
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Semantic PPA/ Graph analysis

Cortical hubs
Healthy controls

Filippi et al., WCN 2013
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FTLD / Asymptomatic GRN and MAPT mutation carriers
WM damage

FA an .
- | R =10 = AR5 R 20 R

radD

14 18 R 0B EARr s R 20 R
PEGRY
* = w el

- e, \ . 0.05
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NEUROIMAGING IN DEMENTIA
Modelling neuroimaging findings in FTLD

Funceonal

Preclinical stage Dementia
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NEUROIMAGING IN DEMENTIA
Conclusions

The ability of Imaging techniques to characterize dementing
conditions and to contribute to the diagnostic work-up Is
Improved notably in the last few years.

A multimodal approach, such as one that combines
neuropsychological testing, MRI and PET, might improve the
classification of these patients from disease onset.

Several structural and functional correlates of cognitive and
behavioral deficits In patients with dementia have been
described.

Longitudinal studies are needed to understand the dynamics of
structural and functional changes on the evolution of cognitive
and behavioral abnormalities in these conditions.
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