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 Background: Vascular risk factors are suspected to play a role in the etiology of Alzheimer's disease. 

Recently, a model that relates capillary dysfunction to the development of AD was proposed 

(Østergaard et al., 2013). The model predicts that capillary dysfunction in form of increased capillary 

transit time heterogeneity (CTH) leads to inefficient oxygen extraction and eventually to tissue 

hypoxia. In this study we investigated the CTH of the brain in AD patients and controls using dynamic 

susceptibility contrast (DSC) magnetic resonance imaging (MRI). Methods: Thirteen patients with 

clinically suspected possible or probable AD verified by ICD-10, DSM-IV, and NINCDS-ADRDA (MMSE: 

24.7±2.7, age: 70.4±6.7) and 19 cognitively normal (MMSE ≥ 28) age-matched (age: 66.6±7.3) and 

healthy controls were scanned using DSC and T1-weighted (T1w) MRI. Mean transit time (MTT) and 

capillary transit time heterogeneity (CTH) were modeled under the assumption of a parametric 

distribution (gamma) of the capillary transit times and estimated from the perfusion images using a 

parametric deconvolution (Mouridsen et al., 2011). Capillary dysfunction was evaluated as a single 

parameter, the transit time coefficient of variation: TTCV = CTH/MTT. The TTCV maps were parcellated 

using the T1w images and an atlas-based method (Fonov et al., 2011). Hippocampal atrophy was 

estimated by automatically calculating the hippocampal volume (Coupé et al., 2012) from the T1w 

images. Perfusion parameters and hippocampal volumes were correlated with MMSE scores within the 

patient group using a linear model. Results: Hippocampal volume was significantly smaller in AD 

patients (left: p=0.010, right: p=0.009) compared to controls (Figure 1). Within patients, the left 

hippocampal volume was closely correlated to MMSE (p<0.001), while the right hippocampal volume 

was not correlated (p=0.136). Capillary dysfunction as measured by TTCV was significantly (p<0.05) 

negatively correlated with MMSE in all major lobes, basal ganglia and thalamus, while this was not the 

case in the cerebellum (Figure 2). Conclusions: Our finding of transit time coefficient of variation 

correlated with MMSE is consistent with the capillary dysfunction hypothesis of AD and suggests that 

MRI perfusion measures of capillary flow heterogeneity is a potential new imaging biomarker in AD. 

Further studies should address the causal relation between capillary dysfunction, neurodegeneration 

and atrophy. 


