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Abstract 
Intracranial artery stenosis is one of the common  
causes of ischemic stroke in Asia. Advances in vessel 
wall imaging techniques now make it possible to  
directly visualize the intracranial vessel wall. Several 
single-center studies have suggested that intracranial 
vessel wall magnetic resonance imaging (VW-MRI) 
may provide insights into stroke etiology, vascular 
pathogenesis, and the risk of recurrent stroke.  
However, the robustness of intracranial VW-MRI  
as a valuable tool for the assessment of various  
cerebrovascular diseases still needs to be validated  
in a large-scale multicenter study. Thus, our research 
group initiated a multicenter study in China on  
February 1, 2017. This study aimed to investigate  
the clinical utility of whole-brain intracranial VW-MRI 
in assessing the etiologies in patients with ischemic 
stroke.

Introduction
Stroke is one of the most common causes of death and  
disability in the world, which usually causes an abrupt  
onset of a neurological deficit [1, 2]. Intracranial artery  
stenosis has been considered a major cause of ischemic 
stroke, especially in Asia [3]. Traditionally, intracranial  
vascular diseases have been evaluated with invasive  
luminal imaging techniques, such as catheter angiography 
or non-invasive luminal imaging techniques (MR angiogra-
phy or CT angiography). However, these techniques  
indirectly visualize vessel wall abnormalities, and many  
cerebral vasculopathies may have similar luminal  
narrowing. VW-MRI has been applied as the only non- 
invasive technique to directly assess the intracranial vessel 
wall structure [4, 5]. It can provide derived vessel wall  
characteristics to help clinicians determine stroke etiology, 
estimate atherosclerotic plaque burden or vasculitis  
activity, as well as future cerebrovascular events [6].

Field strength and pulse sequences
Currently, VW-MRI for intracranial arteries is performed  
on 3T MRI systems at most centers. Considering the small 
caliber of intracranial arteries, ultra-high field MRI (7T) may 
provide an additional value for evaluating intracranial  
atherosclerotic plaques, as it allows for a high signal-to-
noise ratio (SNR), spatial resolution, and contrast-to-noise 
ratio. Although the feasibility of intracranial VW-MRI at 7T 
has been demonstrated in several in-vivo and ex-vivo  

1   Curved-planar reformation of three-dimensional vessel wall magnetic resonance imaging (VW-MRI).
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studies [7, 8], more evidence of additional clinical value  
of 7T MRI is needed before being used in routine clinical 
practice. The selection of pulse sequences and protocols  
remains variable across sites and vendors. To clearly depict 
the inner and outer boundaries of vessel walls, adequate 
spatial resolution, as well as excellent blood and  
cerebrospinal fluid (CSF) suppression are essential  
for intracranial vessel wall imaging techniques. A two- 
dimensional (2D) sequence can provide a better in-plane 
spatial resolution (a voxel size of 0.4 × 0.4 × 2.0 mm3)  
for targeted vessel wall lesions. However, it is unable to 
achieve a more global depiction of multiple vessels and  
detect lesions without luminal stenosis. Literature shows  
a shift from 2D to 3D volumetric acquisitions. 3D isotropic 
imaging with a larger coverage of whole-brain vessels 
makes it possible to perform multi-planar and curved- 
planar reformations, as well as assess plaque burden and 
distribution of major intracranial arteries from various  
perspectives (Fig. 1) [9]. There are numerous technical  
developments for VW-MRI pulse sequences aimed to  
reduce blood and CSF flow artifacts.

Vascular pathologies and  
their depiction with VW-MRI
The most important recommendation for intracranial  
VW-MRI in clinical practice is to assess and differentiate  
intracranial vasculopathies, such as intracranial  
atherosclerotic plaque, vasculitis, reversible cerebral  

vasoconstriction syndrome, arterial dissection, and  
other causes of intracranial arterial narrowing. Diagnosis  
of cerebrovascular disease has relied on luminal imaging. 
However, different vasculopathies usually have similar 
morphological features on luminal imaging. The advent  
of VW-MRI offers insights into the pathogenesis of cerebro-
vascular disease. Furthermore, high diagnostic accuracy of 
VW-MRI for distinguishing a range of vasculopathies has 
been presented in several studies [4, 10].

Atherosclerotic plaque
VW-MRI of intracranial atherosclerotic plaque typically 
demonstrates arterial wall thickening, which eccentrically 
(nonuniformly) involves the circumference of the arterial 
wall. Intraplaque hemorrhage (IPH), fissured fibrous cap, 
lipid-rich necrotic core, neovascularization, and inflamma-
tion are considered common features of vulnerable 
plaques and symptomatic lesions. Identification of plaque 
components with VW-MRI has the potential to identify  
vulnerable plaque and predict the risk of rupture and 
events (Fig. 2). For intracranial atherosclerosis, MRI- 
pathology correlation was explored in limited studies of 
postmortem artery specimens. Chen et al. reported that 
high signal on T1-weighted images in specimens at 1.5T 
was IPH as pathologically-verified in a postmortem case  
of a Chinese adult [11]. The correlation between the lipid 
core assessed on histology and low signal on T1-weighted 
fat-suppressed images within intracranial vessel walls has 
also been explored [12].  

2   70-year-old male patient.  
(2A) Diffusion-weighted 
imaging (DWI) showed 
disseminated spotty high 
signal intensity lesions  
in the left cortico- 
subcortical area of  
the MCA territory;  
(2B) time-of-flight 
magnetic resonance 
angiography (TOF-MRA) 
showed severe stenosis 
on the relevant MCA 
(arrow);  
(2C) curved multiplanar  
reconstruction of 
pre-contrast VW-MRI 
showed hyperintense 
plaque (arrow and 
arrowhead) on the MCA.
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3   A 35-year-old female patient with cervicocranial artery dissection with lateral dorsal medulla syndrome. 
(3A) Digital subtraction angiography showed a severe stenosis and occlusion of the V3-V4 segment  
of the right vertebral artery; (3B) curved planar reformation of VW-MRI demonstrated intramural 
hematoma (white line) in the vessel wall of the V3 segment of right vertebral artery; (3C) axial VW-MRI 
detected a distal intraluminal thrombus (arrows) without contrast enhancement of the right vertebral 
artery; (3D) DWI showed a single infarction in the right part of the medulla oblongata (arrowhead).

3B 3C

3D
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4   A 21-year-old female moyamoya disease patient with right intraventricular hemorrhage. (4A) T2-weighted imaging (T2WI) demonstrated  
that the origin of hemorrhage was in the right periventricular area (yellow arrow); (4B) TOF-MRA detected occlusion of bilateral MCAs;  
(4C) minimum intensity projection (MinIP) of VW-MRI revealed an anastomosis (yellow arrow) between the LSAs (red arrowheads) and  
the medullary arteries (white arrowheads).

4A 4B 4CT2WI TOF-MRA MiniIP
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A postmortem study demonstrated that neovasculature 
can be found in middle cerebral artery (MCA) athero- 
sclerotic plaque and that it was associated with ipsilateral 
infarction [13]. Gadolinium enhancement of carotid 
plaques was proven to be associated with vulnerable 
plaque, neovascularization, macrophages, and loose  
fibrosis correlating with histopathology [14]. Using  
VW-MRI, intracranial plaque enhancement can be  
evaluated and the relationship between plaque enhance-
ment and recent infarction has been established [15].

Arterial dissection
Intracranial arterial dissection most often occurs as an  
extension of a cervical artery dissection. Simultaneous 
high-resolution 3D carotid and intracranial imaging has the 
potential to identify dissected vessels in the head and neck. 
VW-MRI features of intracranial arterial dissection include a 
curvilinear hyperintensity on T2-weighted images (intimal 
flap), separating the true lumen from the false lumen, and 
crescent-shaped arterial wall thickening with the signal 
characteristics of blood (intramural hematoma). Early  
detection of high-risk imaging characteristics of  
cervicocranial artery dissection may be useful to aid in  
the preventive treatment of patients with cervicocranial  
artery dissection without stroke but at higher risk. In a  
previous study, we investigated the imaging features  
that are associated with ischemic stroke in patients with  
cervicocranial artery dissection. We found that the  
presence of irregular surface and intraluminal thrombus 
were related to stroke occurrence in these patients (Fig. 3). 
Integrated head/neck VW-MRI might give insights into the 
pathogenesis of ischemic stroke in cervicocranial artery 
dissection. It may be useful for individual prediction of isch-
emic stroke early in cervicocranial artery dissection [16].

Vasculitis and reversible cerebral 
vasoconstriction syndrome
VW-MRI often demonstrates smooth and concentric arterial 
wall thickening and enhancement in patients with central 
nervous system vasculitis, in comparison with the typical 
eccentric wall thickening of atherosclerotic plaque.  
Reversible cerebral vasoconstriction syndrome (RCVS)  
can also result in concentric arterial wall thickening, but 
the vessel wall in RCVS is typically nonenhancing (or  
mildly enhancing) compared with the typical intense wall 
enhancement in active vasculitis [10]. Early differentiation 
between vasculitis and RCVS is important: RCVS is treated 
with observation or calcium channel blockers, whereas  
vasculitis is treated with steroids and immunosuppressive 
drugs.

Moyamoya disease
VW-MRI holds significant value in differentiating  
moyamoya disease and atherosclerotic moyamoya  
syndrome, which have a significant overlap in luminal  
morphological patterns. Focal eccentric wall thickening  
or enhancement was observed in the involved arteries in 
atherosclerotic moyamoya syndrome, which was different 
from concentric wall thickening or enhancement in  
moyamoya disease. Intracranial hemorrhage is one of  
the most severe complications in patients with moyamoya 
disease. Moyamoya vessels are the dilated and proliferative 
perforating arteries serving as collateral circulation, which 
are more prone to rupture and might be closely associated 
with intracranial hemorrhage. In a previous study, we  
investigated the association between dilation, prolifera-
tion, and anastomosis of perforating arteries, and  
intracranial hemorrhage in moyamoya disease patients  
using VW-MRI. We found that choroidal anastomosis is a 
valuable imaging biomarker for predicting hemorrhagic 
events in adult patients with moyamoya disease (Fig. 4). 
Whole-brain VW-MRI can visualize not only the abnormal 
collateral vessels but also the anatomy of the parenchymal 
structure, which may facilitate risk estimates of bleeding in 
moyamoya disease [17].

Lenticulostriate artery imaging
The lenticulostriate artery (LSA) supplies blood to the basal 
ganglia and its vicinity in the brain. Impairment of the LSA 
is associated with ischemic stroke and small-vessel disease. 
Visualization of the LSA is essential for understanding the 
mechanisms of microvascular pathologies and potential 
guiding therapeutic intervention. Using the T1 VW-MRI 
technique, we have obtained detailed black-blood  
angiographic delineation of the LSAs [18]. Single  
subcortical infarctions with a nonstenotic middle cerebral 
artery have been considered to be caused by lipohyalinosis 
and fibrinoid degeneration in small-vessel disease,  
commonly called lacunar strokes. However, large-artery 
atherothrombosis that blocks the orifice of the perforating 
artery may also be an important cause of single subcortical 
infarctions. Jiang et al. used VW-MRI to quantitatively  
evaluate the associations between the distribution and 
characteristics of middle cerebral artery plaque and  
morphological changes to LSAs in the symptomatic and  
asymptomatic sides of single subcortical infarction  
patients. They found that superiorly distributed middle  
cerebral artery plaques at the LSA origin are closely  
associated with morphological changes to the LSA in  
symptomatic middle cerebral arteries, suggesting that  
the distribution, rather than the inherent features of 
plaques, determines the occurrence of single subcortical 
infarctions (Fig. 5) [19].
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Setup of our multicenter study
VW-MRI holds promise of improving our pathological  
understanding of intracranial artery stenotic disease.  
The robustness of this technique as a valuable tool for  
the assessment of various cerebrovascular diseases still 
needs to be validated in a large-scale multicenter study.  
We also used the sequence successfully in a multicenter 
study comprising nine hospitals in China that was initiated  
by Professor Qi Yang in February 2017. The aim of this 
study was to accurately classify the etiology of stroke 
through the scientific research cooperation of various part-
ners, and at the same time carry out early screening and 
accurate diagnosis of high-risk plaques, thereby providing 
a new imaging method for the clinical diagnosis and treat-
ment of stroke. The imaging technique used in this project 
is whole-brain VW-MRI based on sampling perfection with 
application-optimized contrast using different flip angle 
evolutions (SPACE) combined with nonselective excitation 
and a trailing magnetization flip-down module [20, 21]. 
This imaging technique in combination with a uniform  
protocol setting on 3T scanners (MAGNETOM Prisma,  

MAGNETOM Skyra, Siemens Healthcare, Erlangen, Germa-
ny) can perform high-resolution imaging of the intracranial 
vessel wall, clearly depicting the morphology of the vessel 
wall and distinguishing high-risk vulnerable plaques. In  
this multi-center study, each participating site carried out  
imaging studies ranging from intracranial large arterial to  
perforating arteriole lesions, focusing on cerebrovascular 
diseases of different etiologies. Several results of this  
research have been published [22–26].

Outlook
The technology of whole-brain VW-MRI has become a new 
method for stroke classification. The research performed  
by our group and other groups presents a first step in  
designing focused trials on individualized treatment and 
prevention strategies of intracranial stenosis. Further  
studies are required to investigate the use of selected  
biomarkers in randomized control trials of secondary  
prevention and treatment of intracranial artery stenotic 
disease.

5    A 68-year-old male patient with right limb weakness. (5A) DWI showed a single subcortical infarction in the left LSA territory; (5B) TOF-MRA 
showed mild stenosis on the relevant MCA; (5C) coronal minimum intensity projection (MinIP) revealed shorter lengths of left lenticulostriate 
arteries (LSAs) compared with the right side; (5D) the cross-section view of pre-contrast VW-MRI demonstrated a superiorly located plaque 
(arrow) of MCA; (5E, F) curved multiplanar reconstruction of pre- and post-contrast VW-MRI showed an isointensity plaque with contrast 
enhancement (arrow).
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DWI TOF-MRA

Pre-Contrast VW-MRI Pre-Contrast VW-MRI Post-Contrast VW-MRI

MiniIP
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Contact 
Professor Qi Yang, M.D., Ph.D. 
Vice Chair  
Department of Radiology 
Beijing Chaoyang Hospital 
Capital Medical University 
No. 8 Gongti South Road  
Chaoyang District  
Beijing 100020, China  
Phone: +86 (0) 10-8523-1928 
yangyangqiqi@gmail.com
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