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PURPOSE   

To characterize the extent of tissue injury before presumed development of leukoaraiosis by examining T2, diffusion, and perfusion values in 
normal-appearing white matter (NAWM) with impaired cerebrovascular reactivity (CVR).  

INTRODUCTION  

Hemodynamic abnormality and disruption of white matter fibres have been shown to be associated with the pathophysiology of 
leukoaraiosis. Impaired CVR has also been shown to be associated with the extent of leukoariosis, suggesting that impaired autoregulation 
may be an important factor for the progression of white matter disease. We tested the hypothesis that.  

METHOD  

This is a multi-centre study in which 75 subjects from Toronto Western Hospital and Sunnybrook Research Institute with moderate-severe 
leukoariosis (Fazekas score >2) underwent BOLD CVR MRI at 3T (Signa HDx, GE Healthcare, Milwaukee; Philips Achieva, Best, the 
Netherlands, respectively).  Precise carbon dioxide manipulation was performed during BOLD imaging (RespirActTM, Thornhill Research 
Inc., Toronto, ON) to measure flow related wash-out of deoxyhemoglobin during hypercapnea, thus enabling quantitative analysis of CVR. 
Multi-echo T2 sequences were used to generate quantitative T2 maps. Diffusion-tensor MRI sequences were used to calculate maps of the 
fractional anisotropy (FA) and mean diffusivity (mD). Twenty-five of the 43 subjects from Toronto Western Hospital underwent DSC-MRI 
perfusion imaging to calculate parametric maps of cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), time-
to-peak (TTP), and time-to-maximum (Tmax). PD/T2 images were used to segment the white matter hyperintensities using Lesion Explorer 
(Sunnybrook Research Institute, Toronto, ON). Anatomical images were used to segment the white matter and the lesions were then 
subtracted to generate masks of NAWM. In all subjects, T2, perfusion, and diffusion parameters were compared between areas of NAWM 
with positive and negative CVR. Statistical analyses between voxels with negative and positive CVR were performed using paired Student’s 
t-test.  

RESULTS 

Areas of normal-appearing white matter with negative CVR show a significant reduction in FA, increase in mD, increase in T2, decrease in 
CBF, decrease in CBV, increase in MTT, increase in time-to-peak, and increase in time-to-maximum compared to areas with positive CVR 
(Paired Student’s t-test, P<0.01 for all comparisons).   

Table 1. Comparison of Diffusion, T2, and Perfusion values between areas of normal-appearing white matter with negative and 
positive CVR.  

 Normal-appearing white matter 
with negative CVR 

Normal-appearing white matter 
with positive CVR 

FA [unitless] 0.473 ± 0.012 0.513 ± 0.015 

mD [mm2] 0.890x10-3 ± 0.034x10-3 0.855x10-3 ± 10 0.034x10-3 

T2 [ms] 87.149 ± 0.684  85.521 ± 0.656 
CBF [mL/100g/min] 26.524 ± 2.061 27.926 ± 2.088 

CBV [mL/100g] 1.102 ± 0.056 1.164 ± 0.060 

MTT [s] 4.089 ± 0.241 3.954 ± 0.234 

TTP [s] 21. 159 ± 0.665 20.589 ± 0.617 
Tmax [s] 2.711 ± 0.180 2.442 ± 0.151 

 

DISCUSSION AND CONCLUSION 

We have shown that areas with subtle changes in the tissue integrity of NAWM, as seen with quantitative T2, diffusion, and perfusion 
abnormalities, are associated with impaired CVR.  This provides new information about the pathogenesis of white matter lesions and NAWM 
changes. The results suggest that impaired autoregulation is an important association in white matter disease and may contribute to its 
progression. Whether the impaired reactivity in white matter precedes white matter tissue injury and whether the evolution of lesions will 
occur in areas of impaired CVR remains unclear. However, this will be addressed with 1-year follow-up studies. 
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