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Neuroimaging

• Structural: CT/MRI

• Quantitative MR: spectroscopy, diffusion, 
perfusion, MTR

• Functional: PET/SPECT & fMRI

• Molecular imaging: e.g. amyloid EFNS TASK FORCE 

Recommendations for the diagnosis and management of 

Alzheimer’s disease and other disorders associated with dementia: 

EFNS guideline

Gunhild Waldemar, Bruno Dubois, Murat Emre, Jean Georges, Ian 

G. McKeith, Martin Rossor, Philip Scheltens, Peter Tariska, Bengt 

Winblad

Recommendations: 

Structural imaging should be used in 

the evaluation of every patient 

suspected of dementia: Non-contrast 

CT can be used to identify surgically 

treatable lesions and vascular disease 

(Level A). 

To increase specificity, MRI (with a 

protocol including T1, T2 and FLAIR 

sequences) should be used (Level A). 

SPECT and PET may be useful in those 

cases where diagnostic uncertainty 

remains after clinical and structural 

imaging work up, and should not be 

used as the only imaging measure 

(Level B).

AAN (2001)             EFNS (2005)



Changing roles of imaging

• 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

What to image and how

• 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

Lancet Neur 2002

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 

inspection

VBM

Karas GB,  Neuroimage 2003;18:895-907



Medial temporal lobe atrophy Also on (Multi slice) CT !

Multidetector CT in dementia

64 slices, 0.6 mm slice collimation, 5 sec acquisition time

Wattjes M, et al Radiology, 2009

Hippocampus

Gyrus parahippocampalis

Entorhinal cortex

Volumetry of MTA

Diagnostic value of MTA 

AD vs ND (n=107)

MMSE VOLUME VISUAL

Sensitivity 76 (68-84) 78 (70-86) 90 (84-96)

Specificity

+LR

85 (78-92) 91 (86-96)

8.7

98 (100-96)

45

Wahlund et al. JNNP 2000;69:630-635

Diagnostic value of MTA in AD

all studies: 
sens 85%

spec 88%



Burton et al, Brain 2009

• MTA on MRI had 
robust power for 

distinguishing 11 AD 
from 23 DLB and 12 
VCI in pathologically 

confirmed cases  

• Sensitivity = 91%

• Specificity = 94%

Hippocampal atrophy and 

neuropathology
Presenile AD

Hippocampal Atrophy on MRI in Frontotemporal Lobar 

Degeneration and Alzheimer’s Disease

Van de Pol et al. J Neurol Neurosurg Psychiatry. 2006;77:439-442 (B). 
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Hippocampal Atrophy in Alzheimer’s Disease: 

Age Matters
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Van de Pol, Neurology 2008

MCI - baseline

MCI – 2 year later FLUID – non-linear registration

• controls - 0.5%/yr

– no spatial 

predeliction

• MCI accelerating 

atrophy

– (medial) temporal

• AD accelerating 

atrophy

– temporoparietal

FLUID – regional pattern of atrophy

Sluimer JD, Radiology 2008

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
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Fast progressors?

Typical slow progressor Typical fast progressor

Old (74 years) Young (53 years)

APOE e4 positive APOE e4 negative

Predominantly temporal Spared hippocampus 

(note posterior atrophy!)

Longitudinal MRI – hippocampus is best! 

Henneman et al., Neurology 2009
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Other brain lesions

•Lobar atrophy

•Vascular changes

•-(lacunar) infarcts

•-white matter changes

•-microbleeds



CJD: sporadic and variant

CBD
PSP



PSP: established imaging features

Midbrain

reduced size, 

Mice

Hummingbirds

Penguins

Morning glory

SCP

Third ventricle

enlarged relative to lateral ventricles

Frontal atrophy

Fox DRC

PSP - humming bird sign

*9734095

And now for the White matter….
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Change on IADL scale (> 1 item) at 1 yr by ARWMC grade

ARWMC predicts disability

CADASIL

Van Der Werf et al, J Neurol Neurosurg Psychiatry 1999

•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?

Microbleeds



•17%  1 microbleed

• prevalence ~ diagnosis

•772 patients Alzheimer Centre Vumc

•Microbleeds counted

Microbleeds in CAA



NPH

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

NPH : shunt response (?)

0.38

FDG-Glucose metabolism 
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Silverman DH, Small GW, Chang CY, et al. Positron emission tomography in 

evaluation of dementia: Regional brain metabolism and long-term outcome. Journal of 

the American Medical Association 2001;286:2120-2127.

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 progression in a 3 

year follow-up



FDG-PET

CON

AD

PD

DLB

O’Brien et al, Arch Neurol, 2004

DLB v AD: Sens 88%, Spec 85%

DAT-scan (Dopaminergic transporter) 

Gomberts et al, 2008

Molecular imaging - PIB



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 


