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High-resolution MRI has emerged as a powerful tool for characterizing atherosclerotic plaque 
components, ultimately enabling the identification of anatomic features that are known to predispose 
to rupture with the consequent clinical event.  Recently, much attention has focused on the 
identification by MRI of the thin fibrous cap, large lipid core, and the presence of intraplaque 
hemorrhage1-3, all of which have been shown to be important determinants of stroke risk when 
identified in carotid plaque.  Intraplaque hemorrhage is of particular interest in that it is thought to lead 
to the development of the thrombogenic lipid core and contributes to plaque progression4.   
 
Gadolinium-contrast is routinely administered for contrast-enhanced MR angiography to enable greater 
coverage and improved signal especially in areas of reduced flow.  When gadolinium administration is 
implemented for high-resolution plaque MRI, there is a considerable gain in the accuracy and reliability 
of plaque component characterization.  This is especially helpful for lipid core delineation5-6 and this 
technique has provided insight into the development and prevention of the thrombogenic core in 
population-based studies7-8.  The contrast-enhanced high-resolution plaque MRI technique can be 
integrated with the contrast-enhanced MRA to provide detailed luminal information along with an 
assessment of important plaque features such as cap thickness, core size, calcification, and ulceration.  
Furthermore, the mask image acquired during the MRA acquisition can be used to detect intraplaque 
hemorrhage with high sensitivity, specificity and accuracy, without necessitating additional scan time9.  
Perhaps the most important clinical application of MRI is for identifying these features of plaque 
vulnerability and disruption in angiographically occult atherosclerotic lesions10.  
 
Beyond these anatomic features of plaque vulnerability, contrast-enhanced MRI may be useful for 
identifying plaque neovascularity.  There is growing literature indicating that neovascularization of 
plaque is also associated with stroke risk and is specifically associated with the development of the thin 
cap, large core, and macrophage accumulation within plaque11-13.  Furthermore, there is evidence that 
neovascularity can lead to the development of intraplaque hemorrhage because of microvascular 
incompetence14.  Preliminary studies by ultrasound15, CT16, and dynamic contrast-enhanced MRI17 have 
shown our ability to image neovascularity based on contrast-enhancement within the adventitia where 
neovessels are thought to arise, though the clinical implications of its detection have been unclear.  We 
have shown that contrast-enhanced high-resolution plaque MRI can be used to reliably categorize the 
degree of adventitial enhancement as a measure of neovascularity (category 0: absent; category 1: 
<50% outer wall enhancement; category 2: ≥50% outer wall enhancement) (Figure) , and this is strongly 
associated with having had a recent TIA or stroke independent of the presence of intraplaque 
hemorrhage, which is also strongly associated with having had a recent TIA or stroke 18.  Although these 
were previous events and prospective studies 
are pending, it is noteworthy that the risk of 
stroke in the territory of a previously 
symptomatic plaque is increased compared to 
that of an asymptomatic plaque with a similar 
degree of narrowing 19.  Moreover, stenosis 
was not found to be associated with events, 
emphasizing the importance of identifying 
these features over conventional angiography 
for stroke risk assessment. 
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