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Dementia incidence in 2000 vs 1990 declined



Neuroimaging:
Larger brain volume in 2000 cohort
Lower WMH burden in 2000 cohort



Vascular Dementia: imaging criteria

Vascular dementia caused by vascular pathology

DSM V and NINDS-AIREN criteria for diagnosis

Small vessel disease: 

Either >25% of white matter involved

OR >=2 lacunar infarcts in basal ganglia/internal capsule

AND >=2 lacunar infarcts frontal WM

OR bilateral thalamic infarcts

Roman GC Neurology 1993



Vascular cognitive impairment (VCI)

VCI: contribution of vascular pathology to any 
severity of cognitive impairment, ranging from 
subjective cognitive decline and mild cognitive 
impairment to dementia

The key requirements for a diagnosis of VCI are:

(1) demonstration of a cognitive deficit by 

neuropsychological testing

(2) presence of cerebrovascular disease at 

imaging
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Includes cases with mixed pathologies, such as mixed vascular and AD-type pathologies



Evaluation of different patterns of correlation between 

gray matter (GM) and WM microstructural changes in 

pure ADD, pure SVaD, and mixed dementia. 

40 Pittsburgh compound B (PiB) positive ADD patients 

without WM hyperintensities (pure ADD)

32 PiB negative SVaD patients (pure SVaD)

23 PiB positive SVaD patients (mixed dementia)

56 normal controls 

WM microstructural integrity quantified by DWI using 

fractional anisotropy (FA), axial diffusivity (DA), and 

radial diffusivity (DR) value 

Mixed pathology effects on Loss of Microstructural Integrity



In the pure ADD group, disruption of WM integrity was 

minimal with lower DA in WM adjacent to the cortex 

In pure SVaD and mixed dementia, there was extensive 

disruption of WM integrity with higher DR and overall 

higher DA, but lower DA in WM adjacent to the cortex

Cortical thinning in pure SVaD strongly correlated with 

changes in FA and DR, while cortical thinning in mixed 

dementia strongly correlated with changes in DR and DA 

Correlation between cortical thickness and white matter integrity 

These findings suggest that the relationship between GM and WM degeneration differs according to the 
underlying pathobiology 



Imaging of SVD

cortical cerebral microinfarcts

Superficial siderosis

Brain volume loss (“atrophy”)

Loss in microstructural 
integrity of the white matter 



cortical cerebral microinfarcts

Superficial siderosis

Loss in 
microstructural 

integrity 
of the white matter 



Connectivity studies: Loss in microstructural 
integrity of the white matter 

From: tertelgte et al. Nature reviews Neurology 2018











Imaging biomarkers of SVD: new players

Used to be “invisible lesions”

< 1-2 mm in size

Neuropathology: 24% in non-demented

7 tesla > 3 Tesla 

Independent relation to dementia and cognitive 
impairment

Cortical cerebral micro-infarcts



The invisible lesions: 
cortical cerebral microinfarcts

van Veluw SJ et al In Vivo Detection of Cerebral Cortical Microinfarcts with 

High-Resolution 7T MRI JCBFM





313 patients with baseline 3T MRI scans 

At least two neuropsychological assessments 

Cortical CMIs graded on baseline MRI

The Montreal Cognitive Assessment (MoCA) and a  

neuropsychological battery to assess cognition

Patients with increased cortical CMIs showed greater decline in 

MoCA and global cognition per year

Patients with > 2 cortical CMIs decline on average by 2 scores on 

MoCA and 0.5 on global cognition at year two

Furthermore, cortical CMIs at baseline were associated with 

accelerated decline in memory and language domains



Imaging biomarkers of SVD: new players

Pooled Odds of Dementia in 

Persons with cortical microinfarcts



Causes of cerebral microinfarcts (CM)

Cerebral microinfarcts have been successfully 
modelled in the brains of rodents by occluding 
penetrating arterioles

Penetrating arterioles are a key locus for occlusion, 
because unlike the interconnected pial and capillary 
systems, blood flow through a penetrating arteriole 
cannot be efficiently re-routed around a localised clot

CM have multiple underlying 
causes, which can coexist in a 
single patient:

1) Cerebral small vessel disease (eg, cerebral 
amyloid angiopathy, arteriolosclerosis)

2) Microemboli

3) Hypoperfusion



• 164 memory clinic patients 

• Mean age of 72 ± 11 years 

• 3 tesla MRI with DWI

• Cortical CMIs were rated by visual inspection (hypointense on T1-weighted imaging, hyper- or 

isointense on FLAIR or T2-weighted imaging and isointense on T2∗-weighted imaging)

• Lesions had to be strictly intracortical



Cortical CMIs display a strong spatial clustering, as more than 70% of the cortical CMIs were located in frontal, 

precentral, and postcentral brain regions covering only 16% of the cortical surface. 



no evidence that the actual presence of cortical CMIs was related to disruption of WM connections to either the high CMI 

burden regions or within the whole brain. 



Effects of cerebral microinfarcts (CM)

CM can have physio-pathological effects that extend beyond the 
non-viable core observed by MRI or in neuropathological studies 

Neuronal dysfunction might involve 
diaschisis, whereby death of neurons 
within the CM core disables the cortical 
and subcortical circuits to which they 
were previously integrated

CM affecting white matter tracts are likely 
to disrupt communication between brain 
regions by damaging axonal structures



Future directions



Pilar M. Ferraro 28th International Symposium on ALS/MND 2017 Perfusion Imaging in TDP-43

• L’iperperfusione puo’ riflettere un aumento di attivita’ di natura compensatoria in una popolazione neuronale 

minimamente coinvolta dal processo neurodegenerativo

• L’ipoperfusione puo’ segnalare una riduzione dell’attivita’ neuronale prima che le alterazioni strutturali siano diventate 

evidenti

Imaging di perfusione - ASL



Johnson et al., Radiology 2005
Dai et al., Radiology 2009

Imaging di perfusione - AD

• In pazienti AD, il pattern di ipoperfusione

comprende le aree parietali e frontali

bilateralmente.

• L’imaging di perfusione e’ in grado di mostrare aree di 

aumentata attivita’ neuronale in pazienti MCI.



Imaging di perfusione - FTD

Ferraro et al., 2018

• L’ipoperfusione

marca regioni

cerebrali coinvolte

nei primi stadi di

patologia, mentre

l’iperperfusione

caratterizza regioni

a coinvolgimento

patologico piu’

tardivo in SLA e

bvFTD.

• L’ipoperfusione

correla con i

sintomi clinici in

SLA e bvFTD.
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