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Why did the small vessel break up with the neuron?

Because every time things got stressful, it said:
“I need space… preferably perivascular space.
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RADC cohort studies of aging and dementia
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65+ enroll persons 
without dementia
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Brain tissue procedures for research studies

Detailed longitudinal 
clinical and 

neuropathological 
data on over 1,500 

ROS/MAP participants.
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MRI complements neuropathology
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Intersection between AD-
related neurodegeneration and 
cerebrovascular pathologies
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Arteriolosclerosis affects small arteries and arterioles

 Vessel wall thickening and luminal narrowing

 Loss of arterial elasticity = arterial stiffness

 Damage to the most inner endothelial cell layer 
marks the beginning of the process

 Very common; present in 35% of older participants

 Often noted in subcortical/periventricular white 
matter and deep gray nuclei

 Associated with hypertension and diabetes
Image from Blevins et al., Acta Neuropathol (2020)
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Arteriolosclerosis pathology in posterior brain regions and tau pathology

Kapasi et al., Acta Neuropathol (2022)
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Linear regression models adjusted for demographics and all common age-related pathologies (N = 982)
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Arteriolosclerosis pathology and tau phosphopeptides
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Proteomics 
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Linear regression models adjusted for demographics and PMI (N=654)

Kapasi et al., Acta Neuropathol (2022)

Arteriolosclerosis pathology is associated with higher 
abundance of phosphorylated tau peptides
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Interplay between vessel pathology, tau, and tissue injury

Vessel pathology
Tissue injury 

(microinfarcts)

AD pathology?

Does the relationship between vessel 
pathology and tissue injury differ by AD 

burden?

Kapasi et al., Stroke (2021)
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Intriguing link between vasculature and tau

Image from Kovacs et al., Acta Neuropath (2016)
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In-vivo MRI measures for arteriolosclerosis with cortical thinning

Kapasi et al., NBA (2025)

STUDY DESIGN

 Novel in-vivo MRI classifier for arteriolosclerosis, termed 
ARTS (Makkinejad et al., 2021)

 Cortical thickness measures across 34 FreeSurfer ROI’s

 Data included having ARTS and FreeSurfer at the same 
3T MRI scan, and completed cognitive eval within a year 
of MRI

 Analytic sample – 1,054 participants (mean age at last 
MRI – 80yrs)
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Association of ARTS with regional cortical thickness

Kapasi et al., NBA (2025)

Models adjusted for demographics, VRF, and scanner.  
* 5 regions did not pass Bonferroni-corrected significance.
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ARTS, cortical thickness, and cognition

Kapasi et al., NBA (2025)

ARTS Score

Whole Brain 
Cortical Thickness

Global Cognition
β = -0.079, p=.0004

Cortical thickness accounted for about 32% of the association 
between ARTS and global cognition
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Atherosclerosis and MRI marker of hippocampal volume

Kapasi et al., JAHA (2024)
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Understanding white matter vulnerability with structural connectome integrity 
matrices (SCIM)

Mapped white matter brain 
connections via a structural 
connectivity‐based atlas 

Developed a global SCIM of 308 nodal 
pair connections, as well as four different 
patterns of sub‐networks

To measure how "healthy" or "unhealthy" 
connections are, we extract MRI metrics (R2) 
from each nodal connection pair

Lamar et al., Hum Brain Mapp (2026)
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Neuropathologic associations of structural connectome integrity matrices (SCIM)

 Extending this by examining longitudinal change in R2‐SCIM with differing mixed pathology profiles

Associations of cerebrovascular and neurodegenerative pathologies with global R2-SCIM and PCA-derived R2-SCIM Sub-Networks at last eligible 
antemortem MRI (N=245).

Mayra et al., In preparation
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Subcortical White Matter Vulnerability – Microglial Inflammation

CR3/43-immunostain of subcortical 
WM

Machine learning-based 
quantification of total white matter 

inflammation

Utilizing digital pathology tools to quantify white matter vessel-
associated inflammation

Case with high WM vessel inflammation

Case with low WM vessel inflammation
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Small Vessel Pathologies and WM Microglial Inflammation 

Total Microglia in PWSTotal Microglia in AWSPredictors

-3.93 (6.74 ,0.56)-9.25 (7.65, 0.23)AD

-1.75 (4.75, 0.71)1.92 (5.35, 0.72)LATE-NC

3.64 (11.64, 0.75)-3.80 (13.0, 0.77)Lewy bodies

3.00 (7.12, 0.67)1.42 (8.09, 0.86)Atherosclerosis

-5.63 (4.86, 0.24)Arteriolosclerosis (AWS)

11.37 (4.58,0.01)-Arteriolosclerosis (PWS)

12.85 (5.47, 0.02)15.89 (6.29, 0.01)CAA

-13.43 (10.95, 0.22)-12.93 (12.41, 0.29)Macroscopic infarcts

-0.76 (11.34, 0.95)-2.65 (12.77, 0.83)Microscopic infarcts

Kapasi et al., Unpublished Data

 Examined associations between age-related brain pathologies with subcortical total white matter 
inflammation in watershed brain regions from 172 postmortem brains.

Linear regression models adjusted for demographics 
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Late-Life Blood Pressure and WM Microglial Inflammation 

Kapasi et al., Unpublished Data

Microglia in PWSMicroglia in AWSPredictors

11.31 (5.37, 0.03)17.29 (6.54, 0.01)Systolic BP slope

-1.74 (5.43, 0.74)-0.60 (6.72, 0.92)Diastolic BP slope

1.10 (0.52, 0.03)1.52 (0.61,0.01)Mean arterial pressure

-0.09 (0.37, 0.80)0.07 (0.44, 0.86)Pulse pressure

 Examined associations between differing blood pressure metrics with subcortical total white matter 
inflammation in watershed brain regions from 172 postmortem brains.

 Extending this work by examining white matter vessel inflammation as well as integrating ex‐vivo MRI 
measures of SVD

Linear regression models adjusted for demographics 
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Quantitative Measures for Cortical Vessels – CAA and Microglial Inflammation

Cortical grey matter vessel-associated 
inflammation

Distance of Aβ plaques from CAA+ vessels

Mojdeganlou et al., Manuscript in preparation

Case with high cortical vessel inflammation

Case with low cortical vessel inflammation
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Summary

 Alzheimer’s disease (AD) pathology and vascular brain injury commonly coexist within 
the same brain, especially in aging populations.

 Link between vascular and degenerative mechanisms is not well understood – some 
biologic mechanisms have been proposed.
o Vascular driven inflammation
o BBB dysfunction
o Angiogenesis
o Impaired clearance
o Chronic hypoperfusion/WM injury

 Integrating neuropathology (+ digital pathology) with MRI provides a powerful approach to 
study postmortem brain tissue in new ways.
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Future Directions

 Defining the cellular basis of vascular–inflammatory associations in vulnerable white 
matter regions and across AD/CAA pathologic groups.

 Understanding molecular changes that link vascular dysfunction with white matter injury.

 Interested in exploring the role of angiogenesis-factors in small vessel disease.

 Integrate pathology and transcriptomics with in-vivo neuroimaging signatures.

 Blood-based signatures of microvascular and inflammatory brain injury.
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Neuropathologic studies confirm majority of brains have mixed 
pathologies

These studies did not include:

 Pathologic changes in the 
vasculature 

 Other non-AD proteinopathy 
changes (TDP-43)

 Relatively limited sample size
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Multiple vascular brain ‘hits’ increases the likelihood of 
Alzheimer's dementia

WMH, Microbleeds, Microinfarcts 

Arvanitakis et al., Lancet Neurol, (2017)
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Cognitive impairment in ‘pure’ vascular pathology subgroup

WMH, Microbleeds, Microinfarcts 

Intracranial Atherosclerosis, 
Arteriosclerosis, Cerebral Amyloid 
Angiopathy 

Oveisgharan et al., JAMA Neurol, (2022)


