
 
Fig 1. Maps of aCBV at systole (a), diastole (b), 
and the change of aCBV(c), and absolute 
waveforms simultaneously acquired in Aa and 
Da using non-ECG triggered PC-MRI (d). 

 
Fig 2. Scatter plot between intracranial 
VC and aortic PWV across subjects. 
Black and red dots show the subjects with 
low and high risk, respectively. 

 
Fig 3. Bar charts of mean VC(a) and PWV(b) in the two groups 
with low (black) and high (red) vascular risk, respectively.   
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TARGET AUDIENCE: Neuroimaging scientists and clinicians interested in vascular function  
 

PURPOSE: Vascular compliance (VC) or arterial stiffness is an important risk factor of cardiovascular diseases. Currently, pulse wave velocity 
(PWV) is a common measure of VC using ultrasound or MRI. However, PWV can only assess VC in central and peripheral arteries. To date, there is 
a lack of noninvasive method to estimate the intracranial VC. Recently, a novel noninvasive technique for assessment of intracranial VC has been 
introduced using dynamic ASL MRI by synchronizing spin tagging with the systolic and diastolic phase of cardiac cycles1,2. The purpose of the 
current study was to investigate the relationship between intracranial and aortic VC through the comparison between intracranial VC using the 
dynamic ASL technique and aortic PWV using projection based phase contrast MRI. MRI VC measures were also correlated with vascular risk 
factors. 
 

METHODS: All the experiments were carried out on a Siemens TIM Trio 3T scanner. Ten participants (63.6±6.4yrs) with high or low vascular risk 
were recruited in this study after providing written informed consents. High vascular risk is defined as history of stroke, cardiac stenting, or diabetes. 
Low vascular risk is the absence of stroke, myocardial ischemia, diabetes, hypertension, and obesity. Intracranial VC imaging: An ECG-triggered 
multi-phase phase-contrast (PC) MRI was performed to measure the blood flow velocity in internal carotid arteries (ICA) across cardiac cycle, to 
identify the time delays at the peak systole and early diastole. Arterial CBV was measured using dynamic ASL sequence with multi-phase segmented 
TrueFISP readout2 by synchronizing spin tagging at the peak systolic and early diastolic phases, respectively. A single slice of 5-mm thickness at the 
level of M1 was imaged with the imaging parameters of FOV=220×220mm2, matrix=96×96, FA=40°, TE/TR=1.87/3.74ms, 29 phases from 150 to 
2250ms with an interval of 75ms, 8 measurements with a scan time of 3min. Arterial CBV (aCBV) maps were calculated based on Eq. [4] of Ref [2]. 
The map of CBV change between peak systole and early diastole was obtained for each subject. To calculate the absolute CBV in mL, the brain 
volume of each subject was measured from the MPRAGE images. The brachial blood pressure (BP) was recorded before and after MRI scans using a 
MR compatible cuff sphygmomanometer. VC in arterial ROI (aCBV>5%) was calculated as the ratio between the changes in CBV and BP between 
systole and diastole (VC=ΔCBV/BP). PWV imaging: A non-triggered phase-contrast MRI with 1D projection was performed on each subject with a 
flex body coil [3]. The ascending (Aa) and descending aorta (Da) were localized on scout images. An axial image across the aortic arch with suitable 
readout direction was selected to avoid overlapping of Aa and Da along the projection. A reference image and time series of velocity-encoded 
projection images were then obtained. Imaging parameters were: one single slice with slice thickness of 5mm, FOV=448 × 448 mm2, readout 
resolution=256, TE/TR = 1.66/3.7 ms, bandwidth = 893 Hz/pixel, and flip angle = 20°, VENC=300 cm/s, 512 pairs of velocity-encoded projections. 
The propagation time of the velocity wave from Aa to Da can be estimated. PWV can be calculated by the propagation time divided by the distance 
of the sites of Aa and Da3.  
 

RESULTS: The arterial CBV (aCBV) maps at systolic and diastolic phases as well as the map of 
aCBV changes were calculated from each subject. Fig 1a-c shows an example from a 
representative subject. Consistent with the previous reporting, the intracranial VC mainly 
occurred in big arteries. Fig 1 d shows the waveforms acquired simultaneously in Aa and Da 
using 1-D projection PC-MRI from the same subject. The propagation time can be estimated 
from the velocity waveforms. Fig 2 shows the scatter plot between intracranial VC and aortic 
PWV across subjects. A significant negative correlation (r=-0.74, p=0.013) was obtained 
between intracranial VC and aortic PWV. All the participants were divided into 2 groups 
depending on the vascular risk level (low risk (black): 6 subjects with 63.2±7.0yr) and high risk 
(red): 4 subjects with 64.3±6.4yrs)). There was no difference in age between these two groups. 
As shown in Fig 3, trends of lower intracranial VC (p=0.18) and higher aortic PWV (p=0.086) 
were observed in the subjects with high vascular risks, compared to the subjects with low 
vascular risk, without reaching significance. 
 

DISCUSSION: In the present study, we have demonstrated a strong negative correlation between 
intracranial VC and aortic PWV, indicating that aortic stiffening is associated with intracranial 
arterial stiffening. It is the first time that such association has been demonstrated using 
noninvasive technique. This finding suggests that intracranial arteries are not exempt from the 
same processes that cause aortic and peripheral arterial stiffening. This conclusion is supported 
by the observation that high vascular risk 
might be associated with intracranial 
arterial stiffening. In addition, amyloid 
angiopathy might contribute to stiffening 
in intracranial arteries. A larger study in 
the future might help clarify the effects of 
vascular risk and amyloid deposition in 
intracranial arterial stiffening. 
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