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Target Audience: hypertension researcher  
PURPOSE: The goal of this study was to evaluate the morphology of cerebral arteries using MRA and vessel-wall imaging in at different stages of 
hypertension in a rat model (SHR). Comparisons were made with age-matched normotensive Wistar Kyoto (WKY) rats.  
 

METHODS: Male SHR and WKY rats (Charles River) were studied with IACUC approval in six groups: i) 10-week (N=6, 8~10 weeks), ii) 20-week (N=6, 18~20 
weeks), iii) 40-week (N=8, 38~40 weeks) old SHR rats, and the corresponding three age-matched WKY control groups with N=6 each. Body weight, heart rate and tail 
mean-arterial-blood pressure (MABP) in awake conditions were measured before each MRI section.  

MRI was performed on an 11.7-Tesla Bruker scanner with a surface coil for brain imaging T2-weighted MRI employed a fast spin-echo with 3s TR, 90ms TEeff, 4 
echo-train length, 25.6x25.6mm2 FOV, 96x96 matrix, 8 1.5-mm slices, and 8 averages. 3D MRA employed 3D FLASH with TE=2ms, TR=3s, 25.6x25.6x25.6mm3 

FOV, 256x256x256 matrix. Vessel-wall MRI employed 2D-FLASH with TE=4ms, TR=0.5s, 25.6x25.6mm2 FOV, 256x256 matrix, 30 0.4-mm slices, 8 averages. 
 

RESULTS: WKY body weight increased significantly with age, heart rate did not change with age, and MABP trended positively with age. Body 
weight was not statistically different between SHR and WKY at all stages. Differences in heart rate and MABP between SHR and age-matched 
WKY were present at 10 weeks, and grew progressively larger with age.  

Figure 1 shows the MRA of the WKY and SHR animals at 10-, 20- and 40-week. MRA identified the 1: basilar artery (BA), 2: internal 
carotid artery (ICA), 3: middle cerebral artery (MCA), 4: anterior cerebral artery (ACA), 5: posterior cerebral artery (PCA), 6: azygos artery, 7: 
branch of MCA; 8: branch of PCA. Stenosis was detected in the ICA, BA, MCA, proximal segment of ACA, PCA, and AA at 40-week SHR with the 
incidences of 6.3%, 25%, 56%, 31%, 0%, and 50% (N=8), respectively.  

The group arterial lumen diameters of MCA, ICA, first branch of MCA and AA of the WKY and SHR are shown in Figure 2. Vessel 
diameters already differed between SHR and WKY at 10 weeks. WKY vessel diameters increased with age, whereas SHR vessel diameter did not. 
The differences in vessel diameters between SHR and WKY grew larger with age. BA, PCA and PCA exhibited similar changes (data not shown).  

In WKY, the ICA vessel-wall thickness did not change with age (Figure 3). In SHR, the vessel-wall thickness was similar in 10 weeks, 
slightly thickened at 20 weeks, and apparently thickened in 40 weeks compared with age-matched WKY.  
  

DISCUSSION At 10 weeks, lumen diameter started to reduce, but there was no evidence of wall thickening and stenosis, compared to age-matched 
WKY. Published reports varied significantly at this stage. At this stage, there are already adaptive myogenic response to protect downstream 
microvessels from increased blood pressure 1. Such myogenic response has been demonstrated in isolated arteries where vessels constrict in a 
response to increased pressure and dilate in response to decreased pressure. Failure of this protective vasoconstriction could lead to blood-brain-
barrier disruption, cerebral edema and cerebrovascular pathology.24 Thus, a reduced lumen diameter is expected. Consistent with our study, some 
studies reported reduced lumen diameters in MCA 2 and pial artery 3 at similar age group. At 20 weeks lumen diameter reduced further and vessel 
wall started to increase but without apparent stenosis. Reduced lumen diameter and thickened vessel wall of the MCA have been reported in 18-week 
SHR 4.  In contrast, Hajdu et al. 5 found no difference in vessel wall thickness in the pial artery of 24-week SHR. Hypertrophy remodeling, in which 
smooth muscle cells grow inward encroaching into the lumen of the artery, has been suggested to occur at this stage. At 40 weeks, lumen diameter 
reduced further, vessel wall increased further and there was significant stenosis. The published data at late stage are generally congruent. In addition, 
the pial surface arterioles of PCA, ACA and MCA were enlarged at this stage, suggesting that the leptomeningeal collaterals developed. Distal 
branches of these three major cerebral arteries form the anastomose with an extensive collateral network 6. The leptomeningeal collaterals can partly 
account for the observed smaller lumen diameters of many arteries in SHR compared with WKY.  
  

CONCLUSIONS MRI provides vascular morphology in hypertension. These parameters are altered in early stage of chronic hypertension and 
worsen with disease progression, ultimately resulting in stenosis. Our data showed that there is extensive remodeling of the vasculature started in 
early hypertension. MRI has the potential to be used to track these changes and monitor treatment effects.  
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