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Introduction 
• Brain clearance is important (homeostasis)
• Brain clearance dysfunction in AD and vascular 

dementia 
• Perivascular spaces (PVS) morphology have been 

used as a proxy to brain clearance health 
• Several modifiable and non-modifiable risk factors 

have been reported for alteration of PVS
• Age, BMI, sleep, neuro-vascular health

• High blood sugar over time damages blood vessels 
in the brain, but the link between blood sugar and 
brain clearance in human is understudied 
• In this work we studied the association between 

PVS volume and blood sugar 
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Brain clearance system (glia-lymphatic system)

• Macroscopic waste clearance system 
• A system of perivascular tunnels, formed by astroglial 

cells
• Elimination of soluble proteins and metabolites – brain 

homeostasis 
• Perivascular space (PVS) are sites for:

• Influx of CSF through peri-arterial space
• Drainage of CSF plus interstitial fluid/waste through 

peri-venous space
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Automated PVS mapping

• Current clinical routine
• Categorical scoring system (Wardlaw scale)
• Counting number of visible PVS in: 

• Centrum semi-ovale 
• Basal ganglia 
• Brainstem 

• Laborious 

• Image resolution / quality dependent
• Morphology and distribution is ignored
• The focus is limited to “large” PVS

• Most pathologies starts at micro-level

• Detecting PVS vs. noise can be challenging

Sepehrband, Choupan, et al Nature Scientific Reports 2019
Sepehrband, Choupan US Patent 2021 (pending)

5

5

Removing white matter hyperintensities from PVS masks improves the accuracy of 
the PVS segmentation 
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Review paper: Barisano, et al. NeuroImage 2022

Perivascular space in health and neurological disorders
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Blood sugar and perivascular spaces 

• High blood sugar damages brain vessels and therefore 
could affect brain clearance 

• Pre-clinical data has shown that diabetes impairs brain 
clearance system [Jiang Q, et al., 2016],
• The clearance of gadolinium contrast agent in CSF from the 

interstitial space was slowed in Type-2 diabetes mellitus rats.

Here we used data from MarkVCID data to study the link 
between blood sugar level (HbA1C) and PVS volume. 
• PVS was segmented as described  
• The association between PVS and HbA1C was assessed
• We controlled for age, sex, ICV, and handedness 
• Bonferroni correction and post-hoc analysis

ISNVD 2022         Jeiran Choupan          choupan@usc.edu

8



7/21/22

5

Patients with high HbA1C have higher PVS volume in 
the frontal regions in left hemisphere

• Lateral orbito-frontal region 
• t=3.98, p<0.0001; 
• OLS: F(49,4)=4.48, R2=0.29

• Medial orbito-frontal region 
• t=2.91, p=0.006; 
• OLS: F(49,4)=2.63, R2=0.19

• Rostral anterio-cingulate region 
• t=3.11, p=0.003; 
• OLS: F(49,4)=2.94, R2=0.21

Choupan et al, unpublished ISNVD 2022         Jeiran Choupan          choupan@usc.edu
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Summary
• We show the first results of the association between blood sugar level and 

perivascular space integrity in human
• Higher HbA1C was associated with higher volume of PVS
• It’s been shown that high blood sugar damages small vessels and affect BBB 

integrity, which may explain the observed PVS changes
• It is unclear why PVS change is localized rather than global 
• Larger studies and longitudinal data is required to better understand the underlying 

mechanism 

No causal relation can be uncovered yet
Given the cross-sectional nature of the analysis
We speculate that HbA1C drives the observed PVS change, rather than the 
opposite direction. 
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Thank you
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