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Neuroimaging

! Structural: CT/MRI

Quantitative MR: spectroscopy, diffusion,
perfusion, MTR

Functional: PET/SPECT & fMRI
Molecular imaging: e.g. amyloid
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Practice recommendations.

o Structural neuroimaging with either a noncon-

trast CT or MR scan in the routine initial evalua-

tion of patients with dementia is appropriate

(Guideline).

Linear or volumetric MR or CT measurement

strategies for the diagnosis of AD and are not rec-

ommended for routine use at this time (Guideline).

« For patients with suspected dementia, SPECT
cannot be recommended for routine use in either
initial or differential diagnosis as it has not
demonstrated superiority to clinical criteria
(Guideline).

* PET imaging is not recommended for routine use
in the diagnostic evaluation of dementia at this
time (Guideline).
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EFNS guidelines for the diagnosis and management of Alzheimer’s
_ disease
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CT and MRI may be used to exclude treatable causes
of dementia. Multislice CT and coronal MRI may be
used to assess hippocampal atrophy to support a clin-
ical diagnosis of AD (Level B). FDG PET and perfu-
sion SPECT are useful adjuncts when diagnosis remains
in doubt (level B). Dopaminergic SPECT is useful to
differentiate AD from DLB (level A). Follow up with
serial MRI is useful in a clinical setting to document
disease progression (good practice point).
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Changing roles of imaging

What to image and how

» From excluding treatable causes
— Neoplasm, hydrocephalus, subdural
— “Yield” — <1% to <5%?
* To making a positive diagnosis
— moving from “dementia” to a specific diagnosis
because
« Patients and carers want to know
* Prognostic value

« Guide treatments and research y

. Exclude structural causes (CT/MRI)

» Assess signal change on T2/PD MRI or
FLAIR
» Assess pattern of atrophy (T1 — coronal)
— Is there focal atrophy? FTD
— Hipoocampal atrophy? AD
» Consider other imaging — PET etc
we b7,
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Structural magnetic resonance imaging in the
practical assessment of dementia: beyond
exclusion

Phills Schaltens, Hick Fax. Fraxerik Barkhod, and Chartes Du Carl

Dementia: differential diagnosis

By prevalence

*Alzheimer’s Disease

*Vascular Dementia

*Dementia With Lewy Bodies

*Frontotemporal Dementia

Characteristic features

*Prion Diseases

*Progressive Supranuclear Palsy

*HD; Leukodystrophies, SCAs, CADASIL ...other .. =

‘ Imaging the ‘fingerprint’ of AD

Visual VBM
inspection
Karas GB, Neuroimage 2003;18:895-907




Medial temporal lobe atrophy

‘Also on (Multi slice) CT !
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64 slices, 0.6 mm slice collimation, 5 sec acquisition time

Volumetry of MTA
!
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Medial temporal lobe atrophy on MRI
differentiates Alzheimer’s disease from dementia
with Lewy bodies and vascular cognitive
impairment: a prospective study with pathological
verification of diagnosis

E.J. Burton,” R. Barber," E. B. Mukactova-Ladinska,’” J. Robson,™* R. H. Perry,™*
E. Jaros,” %% R. N. Kalaria™® and J. T. O'Brien’
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Hippocampal atrophy and

. R < MTAon MRI had
o 7 robust power for
} distinguishing 11 AD
from 23 DLB and 12

ot T o B VCl in pathologically
F— confirmed cases
e I oot + Sensitivity = 91%
: Tatal MTA visual rating . Specificity =94%
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‘Presenile AD

Precuneus atrophy in early-onset Alzheimer’s disease:
a morphometric structural MRI study
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Hippocampal Atrophy on MRI in Frontotemporal Lobar
Degeneration and Alzheimer’s Disease
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Hippocampal Atrophy in Alzheimer’s Disease:
Age Matters
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MCI - baseline

MCI - 2 year later

‘ FLUID — non-linear registration

FLUID —regional pattern of atrophy

« controls - 0.5%/yr

5 — no spatial
5. predeliction
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Fast progressors?

\
Fast progressors =

high rate of atrophy

*Young onset patients
Especially if also:
small baseline brain volume
but spared hippocampus
*Genotype
->APOE e4 negative

Atrophy rate %/yr
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\ Fast progressors?

Typical fast progressor
Young (53 years)
APOE e4 negative
Spared hippocampus
(note posterior atrop(hy!)

Typical slow progressor
Old (74 years)
APOE e4 positive
Predominantly temporal

Medial temporal lobe atrophy on MRI
predicts dementia in patients with
mild cognitive impairment
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Figure 2. Medial temporal lobe atrophy (MTA) distribu-
tion in stable mild cognitive impairment (MCI) and pro-
gressive MCL On the y axis, the summed left and right
MTA score is displayed in the two groups.
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Medial temporal lobe atrophy on MRI
predicts dementia in patients with
mild cognitive impairment

Esther $.C. Korf, MD; Lars-Olof Wahlund, MD, PhD: Picter Jelle Visser, MD, PhD: and
P D

ilip Scheitens, MD, Phi July (1002 2004 NEUROLOGY 63

Table 3 Con regression: univariats analysis
Hazard ratio
Parametar

MTA summed sore.

MTA dichotamnized acore

Aue 1
Fomalo gonder 1.30(0.64-2.64)
Edueation .93 (0.82-1.06
MMSE 0.0400.87-1.02)
DR Sum of Boxes 13501,09-1.787
Verbal Delayed Rocall 16900.69-5.21)
Hyportonaion 0.62(0.27-1.42)
Deproasion. 0.76(0.38-1.82)
APOE e gonotypo 1.85(0.91-2.77)
WhHe 101 0.94-1.08)
G rogransion with fllow-up an time variable and outeome (do-

dline to domertia) as atatus variable.

p < 0001
tp = 0003

p <005,

MTA = modial temporal lobe atrophy; MMSE = Mini-Mental
State Banmination; CD

WHEH = whits matior liyp

Qualitative Estimates of Medial Temporal Atrophy
as a Predictor of Progression From Mild Cognitive
Impairment to Dementia
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Flguro 4. Kaplan-Maiar curvas for participants with medial tamporal atrophy
ratings of 2.0 or less compared with thoss with ratings greater than 2.0.
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Magnetic Resonance Imaging Predictors of Cognition
Mild Cognitive Impairment -
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Longitudinal MRI — hippocampus is best!

Hippacarpal alroghy rate

MG Stabie MG prograssion

Henneman et al., Neurology 2009
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Baseline predictors of rates of ) i
hippocampal atrophy in mild cognitive Other brain lesions

impairment _— ‘

*Lobar atrophy

*Vascular changes
*~(lacunar) infarcts

- = «-white matter changes
e I *-microbleeds

Rate of hippac

il = Nz
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The clinical profile of right temporal lobe atrophy
Dernis Chan Valere Anderson. Yolande Pinenburg? Jemifer Whitwgll Jo Bames.

Rachael Scahil John M. Stevens,” Frederik Barkhot.” Phillp Scheftens,” Martin N. Rossor*
nd Nick C. Fox"
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Figure 1 Right temporal lobe airophy. (A MAd strophy, with particular involvement of the inferomedial terporal lobe. (8) Severs
lobe a

atrophy, with bilateral, asymmetrical, temporal

'

CJD: sporadic and variant




PSP: established imaging features

Midbrain
reduced size,
Mice
Hummingbirds
Penguins
Morning glory
ScP !
Third ventricle
enlarged relative to lateral ventricles
Frontal atrophy
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PSP - humming bird sign

| And now for the White matter....
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Small Vessel Disease and General Cognitive Function in
Nondisabled Elderly
e LADIS Study

Wiesie M. van der Flier, PhI; Elizabeth C.W. van Straaten, MD; Frederik Barkhof, MD, PhD:

Ana Verdelho, MD: Sofia Madureira, PsyP; Leonardo Pantoni, MD, PhD: Domenico Inzitari, MD,
Timo Erkinjuntti, MD, PhD: Militta Crisby, MD, PhD; Gunhild Waldemar, MD, DMSc
Reinhold Schmidi, MD: F Fazckas, MD: Philip Scheltens, MD, PhD;

on behalf of the LADIS Study Group
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Progression of Mild Cognitive Impairment to Dementia
Contribution of Cerebrovascular Disease Compared With Medial
Temporal Lobe Atrophy

Salka S. Stackenborg, MD; Esther L.G.E. Koedam, MD: Wouter J.P. Henneman, MD:
Pauline Stokman: Frederik Barkhof, MD, PhD;
Philip Scheltens, MD, PhD: Wiesje M. van der Flier. PhD

Table 3. Cox Regression Analysis

AD Nan-Alzheimer Dementia
adel 1 Madel 2 Model 1 Model 2

MTA 2.9(1.7-5.0) 29(1.7-5.3) 29(1.1-7.9) 2.5(0.8-7.2)
GCA 1.6(0.8-3.1) 14 (07-27) 24(0.8-7.0 22(0.7-7.0)
FiHs 13(0.7-22) 11(07-20) 7.3(1.7-32.4) 8.5(1.4-20.8)
DWWz 1.4 (0.8-2.4) 13(08-2.3) 5.7 (1.3-25.5) 5.7(1.2-267)
Total WhHs 13(08-22) 12(07-22) 6.0(1.3-268) 58(12-266)
Lacunes 1.2(0.6-2.4) 1.1(05-2.2) 23(0.8-68) 2.1(0.7-6.4)
Lacunes basal ganglia 1.4 (0.7-3.0) 1.2 (0.6-2.6) 27(0.8-81) 2.4(0.8-75)
Microbleads 07 0.3-2.0) 0.80.2-2.2) 25(08-72) 2.6(0.8-7.5)
Intarcts 0.80.3-26) 11(03-3.8) 0.8(0.1-66) 1.4@.2-12.1)

MTA indicates medial temporal lobe alrophy; GCA, global cortical atrophy. Data are presented as HR (35% CI). Cox regression
analysis compared progression o AD and non-Alzheimer dementia with nonconverters. The first model was unadjusted; the second
model was adjusted for age and sex,

Salka S. Stackenborg
Elisabeth C. W. van Straaten
Wiesje M. van der Flier
Roger Lane

Small vessel versus large vessel
vascular dementia
Risk factors and MRI findii

Frederik Barkhof
ilip Scheltens

Table2 Characteristics
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‘Small Large Small & large
vessel vessel wessel disease. aforstc eotoms:
discase  disease =
Lacunse and thalamic
Number of patients 522 126 58 tesons 7/
Demographics ™ !
Age (years) 738 7180 72(8) p<0.05 N
Sexm(%omen)  314(60%) BA(67%)  42(72%)  ns W and tacunae and
Education (years)  9.0(40) 107(37r  94(38)  p<000i Chala e
MMSE 192(3.8) 18641 175(40¢  p<001
MRI
ARWMC! 165(49) 6543 136(550  p<0001 Wi and thalamic |
f:rl:\:.-l atophy  15(08)  12(08F  14(08)  p<0001 fesons o canae

17(0.9) 1a(p 17 (0.9) p=0.001
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ARWMC predicts disability

LAD\S'
|

Change on IADL scale (> 1 item) at 1 yr by ARWMC grade
t=

Changes in white matter as determinant of
global functional decline in older independent
¢ outpatients: three year follow-up of LADIS

(leukoaraiosis and disability) study cohort

Domenico Inzftarl, Glovanni Pracucel, Anna Pogges!, Giovanna Canuce
Fredenk Barkhof. Hugues Chabriat, Temo Erkinjunts, Franz Fazekas, José M
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Log rank test P<0.001
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AAAAA Severe
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No at risk
282 256 227
196 169 142
155 126 83

123 Mild
77 Moderate
40 Severe

CADASIL

lamic Lesions in Vascular Dementia
of Fluid-Attenuated Tnversion Recavery (FLAIR) Imaging
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Greert Lyckl

(Stroke. 2004;35:415-410.)

Van Der Werf et al, J Neurol Neurosurg Psvchiatry 1999

Microbleeds

*Mini bleedings small vessels
*Small dot-like lesions with low signal intensity
«Visible on T2*-weighted MRI

*Prevalence general population: 3%-6%
Far higher percentages in stroke

Memory clinic population?
Especially Alzheimer’s disease?

N




Prevalence and severity of microbleeds in
a memory clinic setting

Table 1 Demographic data, MMSE score, and MB prevalence in sverall poplation and among patien
wccording fa diagnasiic groups

*772 patients Alzheimer Centre Vumc

15 with and without MBs

. AD,
*Microbleeds counted ot )
61 =12 TO =9 =9
100 56 s 16 55
w22 wse 2se
w0 o 1800
+17% > 1 microbleed o domn  asaian |si0ses | mewessn tomisy  1sosss
.9 prevalence ~ d|agnos|s MB = microbleed: MCI = mild cognitive impairment; AD = Alzheimer discasne:

al) = vaseular dementia; MMSE = Mini Mental State
Examination
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‘ Microbleeds in CAA Pr_evalence and risk factors of cerebral
| microbleeds
The Rotterdam Scan Study

Table 2 Age-specific prevalence of cerebral
microbleeds
Multiple
Cerebral cersbral
No. of microblaads, microbleeds,
Age range persons % in) %6 (n)
60-69y 670 17.8(119) 5.4 (36)
70-79y 272 31.3(85) 16.5(45)
80-97y 120 38.3 (46) 23328
wee (. wee (.

MRI Biomarkers of Vascular Damage and Atrophy
Predicting Mortality in a Memory Clinic Population

[Wouter J.P. Henneman, MD: Jasper D.
Philip Sche

mer. MD: Charlotte Cordonnicr, MD: Merel M.E. Baak:
ns. PhD: Frederik Barkhof, PhD: Wicsje M. van der Flicr, PhD
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dementia
‘NPH 1NPH : shunt response (?)

Trias: dementia, gait disorder, urine incontinence
— Executive dysfunction
Not a disease; a syndrome
CT/MRI: enlarged ventricles
Good shunt respons (sens 91%, spec 50%):
— Gait >> cognition
— Frontalhorn index > 0.40
— None/mild white matter changes a.o. cortical atrophy
— External drainage not a good predictor
N

‘ FDG-Glucose metabolism

CONTROL

| FDG PET

-sensitivity of 93% (191/206) and specificity of 76%
(59/78)

-in pathologically verified cases sensitivity was 94% and
specificities of 73% (AD) and 78% (other dementias);

-a negative PET scan indicates no progressionin a 3
year follow-up

Silverman DH, Small GW, Chang CY, et al. Positron emission tomography in o bz
evaluation of dementia: Regional brain metabolism and long-term outcome. Journal of e




FDG-PET

f=

DAT-scan (Dopaminergic transporter)

O’Brien et al, Arch Neurol, 2004
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DIBvAD: Sens 8304 Snec 8504

Molecular imaging - PIB

Amyloid Burden (PIB)

Gomberts et al, 2008
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Position Paper

Research criteria for the diagnosis of Alzheimer's disease
revising the NINCDS-ADRDA criteria
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| Conclusions

-Neuroimaging is part of the diagnostic process
-Medial temporal lobe atrophy on MRI helps identifying
AD and absence rules against it

-MRI helps identifying other contributing factors that
may be amenable to treatment

-PET and SPECT is useful especially in cases where
diagnostic doubt exists
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