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Target audience Researchers and clinicians interested in measurement of cerebrovascular health and regulation.  
Introduction In order to protect brain parenchyma from damage, cerebrovascular resistance (CVR) increases in response to 
raised blood pressure or sympathetic nervous activity. However, it is still unclear whether the increase in cerebrovascular 
resistance occurs at the level of the major cerebral arteries or the more distal cerebral arterioles1. Arterial compliance (AC) is 
inversely related to CVR; if AC decreases vascular resistance increases. We have recently introduced a novel method that maps 
AC of individual arterial flow territories by dividing changes in arterial blood volume occurring over the cardiac cycle by the pulse 
pressure2. The aim of this study is to use our novel AC measurement to investigate where in the cerebral arterial tree AC 
decreases during post exercise ischemia (PEI), when blood pressure and sympathetic nerve activity are elevated. 
Data acquisition 8 healthy men (age 30.4 ± 6.3 years) underwent an MRI scan session (3 T, GE HDx, Milwaukee, USA) in which 
two AC measurements (one rest, one PEI) were done. PEI was induced following isometric forearm contraction (IFC) at 40% of 
each participant’s maximum grip (3 mins). After 2 mins of IFC, an MRI-compatible blood pressure cuff was inflated to 100 mmHg 
above systolic BP, on the gripping arm (right), to induce PEI. PEI lasted for 10 minutes in total, with one minute overlap between 
the IFC and the cuff inflation at the start. Short inversion time PASL (PICORE with a QUIPSS II cut-off at 700 ms3) with 32 tag-
control pairs for each of seven inversion times: 250-850 ms, 100 ms spacing, was used for AC measurement. Other imaging 
parameters: variable TR, minimum TR = 1 s, TE = 2.7 ms, voxel size = 3.5x3.5x7 mm3. Cardiac traces were monitored with 
photoplethysmography at the left index finger. Muscle sympathetic nervous activity (MSNA) in rest and during IFC was 
measured in a separate session with microneurography of the peroneal nerve in the lower leg. In both sessions (MRI and 
microneurography) beat to beat blood pressure was monitored at the left thumb (BIOPAC Systems, Goleta, USA). 
Data analysis ASL tag and control images (in rest and PEI) were motion corrected and retrospectively organised into 6 different 
cardiac phases based on their acquisition time relative to the previous systolic peak in the finger plethysmograph trace. Maps of 
diastolic and systolic arterial blood volume (aBVDia and aBVSys) were calculated by voxelwise fitting of an arterial input function4 
to the average difference signal over time. Brachial pulse pressure, calculated in rest and PEI, was used to obtain maps of AC 
(%/mmHg) according to: AC = 100 * (aBVSystole – aBVDiastole) / (aBVDiastole * PP). Regional median AC values were calculated for the 
flow territories encompassing the major brain feeding arteries below the Circle of Willis, which are the internal carotid and 
basilar arteries (ICA, BA), and the bilateral middle cerebral arteries (MCA) at the level of and above the Circle of Willis. These 
ROIs were determined by multiplying a thresholded map of average aBV over the cardiac cycle (> 0.5 %v) with manually drawn 
broad masks of each flow individual flow territory. 
Results and Discussion Mean arterial blood pressure and MSNA were significantly increased (paired t-test, p < 0.05) during PEI 
compared to rest (+9.2 ± 10.6 mmHg and +10.5 ± 7.8 burst/100 heartbeats, respectively). Figure 2 illustrates that during PEI the 
arteries inferior to and at the level of the Circle of Willis show a decrease in AC, while the MCA flow territories distal from the 
Circle of Willis show no change in AC. These results indicate that increased cerebrovascular resistance during PEI is largely seen 
within the major brain feeding arteries, which is likely caused by an increase in vascular smooth muscle cell tone in the ICA and 
BA walls, due to the increases in blood pressure and MSNA.  
Conclusion To the best of our knowledge this study is the first to non-invasively show the differential response of the 
cerebrovasculature to increased blood pressure and sympathetic nerve activity and suggests it is at the level of the major brain 
feeding arteries that cerebrovascular resistance increases.  
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Figure 1. Examples of maps of aBV in systole (Sys) and diastole (Dia). A 
map of AC is calculated by dividing the difference in aBV by the brachial 
pulse pressure. Examples are shown in rest, but for each participant AC 
maps were also calculated in PEI. 

Figure 2. Group average compliance plotted against slice location. 
Note that the data is averaged over the major brain feeding 
arteries below the Circle of Willis (CoW) and the bilateral MCA at 
the level of and above the CoW. Error bars indicate standard error 
of the mean. 
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