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CHeBA Groups and Projects

Research Groups Longitudinal Studies
* Epidemiology « Sydney Memory and Ageing
Study

* Genetics & Epigenomics

«  Neuroimaging « Sydney Centenarian Study

« Neuropsychiatry  Older Australian Twins Study
* Neuropsychology

e Omics and Neurobiology of
Ageing

CHeBA consists of 51 staff members

and 26 students.




Structure

Why cerebrovascular disease is important to cognition/dementia.
Why measuring it matters.

The problems with quantifying it.

What we do currently (and the problems with this)

Attempts to set common standards

Different approaches to quantification

My PhD

 How we are attempting to help with this problem



Why CVD matters

CVD leading cause of morbidity and mortality
» large vessel disease - CVAs, multi-infarct dementia

 small vessel disease (SVD) - lacunar stroke (1/4 ischaemic strokes), vascular cognitive
impairment or dementia, gait disturbance, urinary incontinence and neuropsychiatric
symptoms

Terminology

Vascular cognitive disorder (VCD)
— Vascular cognitive impairment (VCI)
— Vascular dementia (VaD)
— Vascular contributions to cognitive impairment and dementia (VCID)



Traditional model

Fig. 1. The percentage occurrence of dementia subtypes

Alzheimer’s Society. (2014). Dementia UK: Update. Second
edition. London: Alzheimer’s Society



Real picture

Wilcock, D. AAIC Satellite Symposium, 2019



Real model

Attems, J., & Jellinger, K. A. (2014). The overlap between
vascular disease and Alzheimer’s disease - lessons
from pathology. BMC Medicine, 12(1), 206.
doi:10.1186/s12916-014-0206-2



CVD worsens risk and expression of AD

* 50% to 84% of the brains of persons who die aged 80 to 90+ show appreciable
cerebrovascular lesions

« AD and CVD share common risk factors such as hypertension during midlife, diabetes
mellitus, smoking, apolipoprotein E (ApoE) €4 isoforms, hypercholesterolemia,
homocysteinemia, and, in particular, age

» Evidence that vascular risk factors have a deleterious effect on the expression and
progression of dementia

* Insufficient evidence that altering vascular risk factor in dementia can slow progression

Diomedi, M., Misaggi, G. J. C., & Targets, N. D.-D. (2013). Vascular contribution to Alzheimer disease: predictors of rapid progression.
12(4), 532-537.1.

Blom K, Emmelot-Vonk MH, Koek HL. The influence of vascular risk factors on cognitive decline in patients with dementia: A
systematic review. Maturitas 2013;76:113-117

Valenti, R., Pantoni, L., & Markus, H. S. (2014). Treatment of vascular risk factors in patients with a diagnosis of Alzheimer’s disease: a
systematic review. BMC Medicine, 12(1), 160. doi:10.1186/s12916-014-0160-z)



Mechanisms

Sachdev P. Vascular cognitive disorders. In:
Fillit HM, Rockwood K, Young J, B., eds.
Brocklehurst's Textbook of Geriatric
Medicine and Gerontology, 8th edition ed.
Philadelphia, PA: Elsevier, 2016.



Failure of AD disease modifying drugs...

BREAKING NEWS !l - Aducanumab
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Prevention of dementia

Modifiable risk factors:
* Education

e Hearing loss

e Hypertension

e Obesity

e Smoking

* Depression

e Physical inactivity
« Social isolation

e Diabetes

Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention,
intervention, and care. Lancet 2017;390:2673-2734.
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Decreasing incidence of dementia?

Satizabal, C. L., Beiser, A. S., Chouraki, V., Chéne, G., Dufouil, C., & Seshadri,
S. (2016). Incidence of Dementia over Three Decades in the
Framingham Heart Study. New England Journal of Medicine, 374(6),
523-532. doi:10.1056/NEJM0al1504327



Wu Y-T, Beiser AS, Breteler MMB et al.
The changing prevalence and incidence
of dementia over time - current evidence.
Nature Reviews Neurology 2017; 13:
327-U379



Summary of importance

e CVDis common

 Leads to cognitive decline/dementia by itself and worsens risk and expression of AD.

* Potentially modifiable.



Why measuring CVD matters

Benefits

» Better diagnosis - distinguish between
clinical phenotypes.

e Estimate risk and prognosis

* Monitoring of disease progression in an
individual

* Neuroimaging as surrogate biomarker in
prevention or treatment trials

— Changes in CVD burden as proxy for
longer term disease progression

Benjamin P, Zeestraten E, Lambert C, et al. Progression
of MRI markers in cerebral small vessel disease: Sample
size considerations for clinical trials. J Cereb Blood Flow
Metab 2016;36:228-240.



Challenges of CVD quantification

 Multiple lesion types

e Lesions relate to one another

e Variability in the outcome of any lesion — size, location

e Cannot directly visualise small vessels

* Poor correlation between WMH and cognition

* Visualisation of lesions dependent on technology —i.e., PVS, micro-infarcts

e Lesions may represent multiple pathologies (i.e., vascular and degenerative)

» Determining the necessary threshold for diagnosis — what is pathological?



Wardlaw JM, Smith EE, Biessels GJ, et al. Neuroimaging standards
for research into small vessel disease and its contribution to ageing
and neurodegeneration. Lancet Neurol 2013;12:822-838.



Different lesions and aetiologies

Paradise MB, Sachdev PS. Vascular Cognitive
Disorder. Semin Neurol 2019;39:241-250.

Pantoni L. Cerebral small vessel disease: from
pathogenesis and clinical characteristics to
therapeutic challenges. Lancet Neurol 2010;9:689-
701.



Validation

 No gold standard
« Cognition — global, APS, executive, dementia diagnosis.

* Neuropathology.



Paradise MB, Shepherd CE,
Wen W, Sachdev PS.
Neuroimaging and
neuropathology indices of
cerebrovascular disease
burden: A systematic review.
Neurology 2018;91:310-320.






Shifting sands...



Non-imaging approaches

ENDOTHELIAL SIGNALING KIT — PLASMA
 Composite biomarker of three plasma proteins: VEGF-D, PIGF, and bFGF.

 Rationale is that endothelial dysfunction early in cerebrovascular disease causes
compensatory upregulation of endothelial & angiogenesis signalling

* Longitudinal preliminary data showed that baseline signal predicts accelerated white
matter injury and cognitive decline measured by a composite memory score

« Cross-sectional data demonstrate association of endothelial signalling with higher
cerebral free water and lower whole-brain FA, even after controlling for presence of
amyloid on PET.

Wilcock, D. Fluid biomarkers of cerebrovascular disease,
https://www.alz.washington.edu/NONMEMBER/SPR19/Clin/0
9_Wilcock.pdf






What we currently do...

WMH

Periventricular white matter
(PVWM)

0 =absent

e 1 ="*caps” or pencil-
thin lining

e 2 =smooth “halo”

o 3 =lirregular
periventricular signal
extending into the
deep white matter

Deep white matter (DWM)

o 0 =absent

e 1 = punctate foci

e 2 =beginning
confluence

o 3 =large confluent
areas



WMH

White matter hyperintensities (WMHs) are commonly seen on brain MRI in older people,
and result from chronic ischaemia associated with cerebral small vessel disease

The histopathology of WMHSs is heterogeneous, with tissue damage ranging from slight
disentanglement of the matrix to varying degrees of myelin and axonal loss

- axonal loss, enlargement of perivascular spaces, gliosis, myelin loss, and microglial
activation.

This heterogeneity might partly explain the weak clinicoradiological associations found in
patients with WMHSs

Confluent WMH associated with dementia



Wave 2 global cognition score formed from all tests

WMH and cognition

total WMH volume mm”3

Sydney memory and ageing study (unpublished)
Linear regression (unadjusted)

Beta -0.84, t=-1.9, p=0.09
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Diagnostic criteria (neuroimaging requirements)

Diagnostic
criteria

DSM-IV [11]
DSM-V

ADDTC [6]

ICD-10[12]
NINDS-AIREN [/]

Construct
Vascular dementia

Vascular cognitive
disorder

Ischemic vascular
dementia

Vascular dementia

Vascular dementia

Neuroimaging criteria
Not specified

Major. multiple large, at least one which should be outside the cerebellum

Major or mild: =2 lacunes outside the brainstem or single lacune in the striatum or the
thalamus with a temporal relationship infarction and the cognitive syndrome, or extensive
and confluent white matter lucencies

Evidence of =2 strokes with at least one infarct outside the cerebellum by CT or T, -weighted
MRI, or

Evidence of a single stroke with a clear temporal relationship between the stroke and
cognitive presentation

Not specified

Radiographic evidence of cerebrovascular disease (either multiple large vessel strokes or a
single strategically placed infarct) and a temporal relationship between neuroimaging and
clinical presentation - or extensive periventricular WM lesions

Vascular cognitive impairment. In:
Godefroy O, ed. The Behavioral and
Cognitive Neurology of Stroke, 2 ed.
Cambridge: Cambridge University Press,
2013:1-31.



MRI



Use of a composite CVD burden index



Staals J, Makin SDJ, Doubal FN, Dennis
MS, Wardlaw JM. Stroke subtype,
vascular risk factors, and total MRI brain
small-vessel disease burden. Neurology
2014,;83:1228-1234.



Diffusion tensor imaging

Isotropic Anisotropic

3D Pattern -
Of Diffusion



AMNM MEUROL 2016;80:581-592



Perfusion — Arterial Spin Labelling



Construction of a novel CVD index



Cerebral microbleed (CMB)

e 302 adults age 70-90 from Sydney Memory and Ageing Study
 Non-demented at baseline

* Relationship of CMB with neuropsychological defined cognitive testing and incident
dementia examined cross-sectionally and longitudinally over 4 years.

 CMB visually rated on susceptibility weighted imaging. Trained in liaison with
Neuroradiologist.



CMB

e Linear mixed modelling for continuous
cognitive dependent variables.

» Logistic regression for incident
dementia.

» Cross-sectional analysis — association
with executive function.

* Longitudinal - association with decline
in executive and VS function.

 No difference in incident dementia
rates




Dilated perivascular spaces (PVS)

 Marker of SVD, commonly found in the basal ganglia
and centrum semiovale.

* Frequent MRI finding in the elderly.

 The association with cognitive impairment, particularly
longitudinal decline and incident dementia is unclear.

 PVS have to be visually rated

o Poor inter-rater reliability with existing scales — most
scales use T2w as primary sequence. T1w has poorer
contrast.

 We developed and validated of our own rating scale



New visual rating scale of PVS

e 414 community dwelling older adults age 70-90 from
MAS

e Two predetermined slices

» Construct validity: associations with age, sex, vascular
risk factors and neuroimaging markers of SVD; WMH,
lacunes and cerebral microbleeds. Basal ganglia PVS
were associated with other SVD markers.

* Associations with cross sectional global and domain
specific cognition were examined.

» Excellent psychometric properties: excellent inter-rater
reliability (ICC - basal ganglia 0.82 and centrum
semiovale 0.96), good intra-rater reliability (ICC in basal
ganglia 0.72 and centrum semiovale 0.87).

 PVS in either location were not associated with global or
domain specific cognitive impairment.



The association of dilated PVS with cognitive
decline and incident dementia (unpublished data)

_ Severe basal ganglia PVS Severe centrum semiovale PVS
dichotomized around top quartile dichotomized around top quartile

Model 1 Model 2 Model 1 Model 2
B (SE), p-value B (SE), p-value B (SE), p-value B (SE), p-value

Global Cognltlon -0.07 (0.06), 0.22 -0.16 (0.06), 0.01 -0.13 (0.07), 0.08

Attention and Processing -0.04 (0.01), 0.01 -0.03 (0.02), 0.06 -0.02 (0.02), 0.30
Speed (sqgrt

0,03 (0.02), 0.1 : 10,02 (0.02), 0.25

-0.03 (0.06), 0.54 - -0.06 (0.06), 0.37 -

-0.02 (0.05), 0.73 : -0.12 (0.06), 0.03 -0.11 (0.06), 0.09
0.02 (0.05), 0.69 - -0.09 (0.06), 0.09 -0.08 (0.06), 0.20

_ OR (95% ClI), p-value [OR (95% CI), p-value [OR (95% CI), p-value [ OR (95% CI), p-value

Dementia diagnosis 1.29 (0.78 - 2.12),0.32 1.11 (0.66 —1.88), 0.69 2.73 (1.59 — 4.68), 2.61 (1.51 - 4.49),
<0.001 0.001




Future plans



www.cheba.unsw.edu.au

@CHeBACentreforHealthyBrainAgeing

@CHeBA_UNSW
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