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Target Audience: Scientists and clinician who are interested in MS imaging research and gas modulated blood flow changes  

Purpose: Cerebrovascular reactivity (CVR) is an index of cerebral vascular function, measuring the dilatory capacities of cerebral 
circulation. Since neurovascular coupling, which is responsible for increased blood supply during transient neural activation, relies 
heavily on the integrity of the CVR mechanism, its assessment reveals much about the underlying vascular health of the brain.  The 
default mode network (DMN) is the most well-established resting state network  of multiple brain regions that are highlighted to play a 
critical role in brain cognition1. Assessing the CVR deficit within the DMN in multiple sclerosis (MS) patients can offer valuable insight 
into the cognitive deficits that these patients often experience. 

Methods: Nineteen patients with clinically definite MS (9 male, 10 female, 42.8 ± 10.2 years old) and 19 healthy control volunteers (13 
male, 6 female, 39.6 ± 12.9 years old) participated in this study. Cerebral blood flow (CBF) was measured using pseudocontinuous 
arterial spin labeling (pCASL) perfusion MRI with the following parameters: TR/TE:3950/17ms, labeling duration:1470ms, postlabeling 
delay:1230ms, slice thickness:5mm, number of slices=32, FOV:22cm, 
matrix:64x64, scan duration:3min 35sec, number of measurements:52 (26 
pairs of label and control images). Two such pCASL sequences were 
recorded, first under a normocapnia condition (breathing room air) and the 
second under a hypercapnia condition (breathing a mixture of 5% CO2, 
21% O2, and 74% N2). Enough time was given between the two runs to 
allow EtCO2 levels to reach equilibrium, which was monitored and recorded 
throughout the experiment on a MEDRAD system. Additionally, a high 
resolution anatomical T1 image was acquired for image co-registration and 
segmentation. Image processing was conducted using SPM (University 
College London) software, following a previously described method2 to 
generate CBF maps under normocapnia and hypercapnia, and the 
corresponding CVR map. Regional DMN CVR values were calculated as 
the percent increase from normocapnic to hypercapnic DMN regional CBF 
(taken as the average of voxels within the network identified by Laird et al.3) 
normalized by the EtCO2 increase. Regional DMN CVR values of the MS 
patient and control groups were compared using a two-sample t-test, with a 
p-value<0.05 considered significant. 

Results: The average EtCO2 increased significantly from the normocapnia 
to the hypercapnia condition in both groups (Control: 43.1 ± 4.8 to 52.0 ± 
4.3 mmHg, p<0.001; MS: 40.3 ± 6.0 to 49.5 mmHg ± 3.6, p<0.001) but 
there was no significant difference between the two groups under either condition. 
When compared to the control group, the MS group showed a decrease in CVR within 
the areas of the DMN, as seen in the network masked CVR maps in Figure 1. 
Average CVR values in the DMN are significantly decreased in the MS group 
compared to the controls (Control: 5.03 ± 1.8; MS: 3.40 ± 1.4 %CBF/mmHg EtCO2; 
p=0.004) (Figure 2). 

Discussion: We found a significantly decreased CVR in DMN regions in MS patients 
compared to controls, suggesting an impaired cerebral blood modulation that can lead 
to neurovascular coupling disturbance and subsequent neuronal dysfunction. Such 
CVR impairment may also be responsible for cognitive deficits in MS and DMN 
functional connectivity changes measured with BOLD resting-state functional MRI 4.   
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Fig 1. The mean cerebrovascular reactivity (CVR) maps 
of the control group (A) and MS group (B), after the 
application of the DMN mask shown in green (C). A 
decrease in CVR is seen in the patient group. The color 
bar shows the range of CVR values (calculated as the 
percent increase of normocapnic to hypercapnic 
cerebral blood flow within the default mode network, 
normalized by the change in EtCO2). 
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Fig 2. Comparison of average DMN CVR 
(%CBF/mmHg EtCO2) values between MS 
group and control group showing a significant
decrease in patients compared to controls 
(p=0.004). Error bars show standard 
deviation. 
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