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Wang, Y., et al., Prevalence and outcomes of symptomatic intracranial large artery stenoses and occlusions in
China: the Chinese Intracranial Atherosclerosis (CICAS) Study. Stroke, 2014. 45(3): 663-9.
Lange, M.C., et al., Stroke recurrence in the different subtypes of ischemic stroke. The importance of the
intracranial disease. Arq Neuropsiquiatr, 2018. 76(10): 649-653.

Intracranial atherosclerosis (ICAS)

The most common etiology of ischemic stroke with the highest rate of recurrent stroke, 
especially in Asian populations.[1-5]
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Intracranial atherosclerosis (ICAS) vs. Extracranial atherosclerosis

Background

1. Bos D, et al. Atherosclerotic Carotid Plaque Composition and Incident Stroke and Coronary Events. J Am Coll Cardiol.  
2. Oumer M, Alemayehu M, Muche A. Association between circle of Willis and ischemic stroke: a systematic review and 
meta-analysis. BMC Neurosci. 2021.



ICAS: MRI vessel wall imaging & histopathology

IAC: CT brain & histopathology  
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My research journey in the field of stroke



Our research achievements on ICAS & IAC

1. A post-mortem study (2003-2006): 
The Ex-vivo MRI Vessel Wall Imaging of Histology-verified ICAS

2. Clinical Studies (2014-):
High Resolution-MRI in Stroke Patients
High Resolution-MRI in Community dwelling adults 

3. Clinical studies (2005-): 
Intracranial Arterial Calcification (IAC) on CT brain



76 autopsy cases 
mean age, 74.7yrs (46-99yrs)
men: 42 (55.3%)

Our first paper on Histology of ICAS

In addition to luminal 
stenosis, plaque vulnerability 
plays an important role in 
leading to brain infarctions. 



Our papers on 1.5T MR vessel wall imaging of ICAS



Our papers on 1.5T MR vessel wall imaging of ICAS



Invited speech at 2016 ICAS & Invited review article on JoS



Clinical Studies: 

The Adoption of High Resolution-MRI in Stroke Patients



Background

How to detect ICAS?

 Transcranial Doppler (TCD)

 MRA (Magnetic Resonance Angiography )

 CTA (Computed Tomography Angiography)

 DSA (Digital Subtraction Angiography)

 HRMRI (High-Resolution Magnetic Resonance Imaging)



Figure 1: Representative MR images delineating
enhancement index measurement. A 60-year-old man with
acute stroke showed severe right MCA stenosis on MRA
(A, white arrow). After matching pre- (B and D) and post-
contrast T1w images (C and E) at the most severe narrowing
site, the plaque enhancement index was 48.74%.

Figure 2: Representative MR images delineating
enhancement index measurement. A 65-year-old man with
acute stroke showed severe left MCA stenosis on MRA (A,
white arrow). After matching pre- (B and D) and post-contrast
T1w images (C and E) at the most severe narrowing site, the
plaque enhancement index was 2.82%.
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HRMRI studies in stroke patients

• HMRF project (1 May 2017- 30 April 2019) 

Precision medicine in Intracranial Atherosclerosis: Delineating 
Plaque stability by Novel High resolution MRI to Improve 
Personalized Treatment for Stroke Patients 

• GRF (1 October 2016-30 September 2019)

Evolution of Intracranial Large Artery Stenosis in Patients with 
and without RNF213 Genetic Variant: A Prospective Study Using 
High Resolution MRI Vessel Wall Imaging and MR Angiography



The flow chart of patient selection

From 2014 to 2020, stroke patients with intracranial large 
artery stenosis diagnosed by routine cerebral angiography

(n=190)

Patients with acute IS/TIA
(n=136)

Excluded (n=18):
• No MCA atherosclerotic lesions 

identified by HR-MRI.

Patients with acute IS/TIA due to intracranial 
large artery atherosclerosis

(n=125)

Patients with MCA atherosclerotic 
lesions identified by HR-MRI

(n=107)

Excluded (n=54):
• Subacute IS/TIA (n=25);
• Chronic IS/TIA (n=29).

Excluded (n=28):
• Absence of the VA or the BA on MRA (n=8);
• No vertebrobasilar atherosclerotic lesions 

identified by HR-MRI (n=20).

Patients with vertebrobasilar atherosclerotic 
lesions identified by HR-MRI

(n=68)

Excluded (n=11):
• Poor image quality (n=6);
• Other etiologies (n=5).

Patients with intracranial large-artery 
atherosclerotic lesions identified by HR-MRI

(n=96)

Excluded (n=29):
• Incomplete imaging scan 

of the intracranial VAs.

In Section Two
Research on vertebrobasilar artery atherosclerosis

In Section One
Research on ICAS

In Section One
Research on MCA atherosclerosis

Remark:
HR-MRI scanning 

protocol started at the 
BA level (2014-2015), 

while modified to cover 
the intracranial segments 
of the bilateral VAs from 

2016 to 2020.
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HMRF-funded project: 

Objectives: 
• This study aimed to evaluate the association between plaque 

features (morphology and/or components) assessed by 
HRMRI and the short/long-term outcomes of ischemic 
stroke or TIA patients with ICAS. 

• The goal was to determine specific parameters of plaque 
features with the best predictive efficacy for stroke 
recurrence.



HMRF-funded project: 

Methods: 
• Consecutive patients with acute ischemic stroke were 

included.
• 3T MRI was used to perform vessel wall imaging before and 

after contrast administration. 
• Imaging analysis: luminal stenosis, plaque burden, plaque 

eccentricity and plaque enhancement index and signal intensity 
were assessed in bilateral middle cerebral artery (MCA), 
vertebral artery (VA) and the basilar artery (BA) . 

• Regular follow-up was performed within one year after stroke 
onset.



HMRF-funded project: 

Figure 1 (The LEFT). Left MCA stenosis (A).
HRMRI indicates hyper-intensity on pre-
contrast image (B) and enhancement on
post-contrast image (C) at the lesion site.

Figure 2 (The RIGHT). Signal void in left VA’s
region (A). HRMRI indicated hypo-intensity
on pre-contrast image (B) and enhancement
on post-contrast image (C) at the lesion site.



HMRF-funded project: 

Results: 
• Among 132 recruited patients, 293 ICAD lesions were identified, 

including 86 symptomatic and 207 asymptomatic lesions. 

• Symptomatic ICAD had higher degree of stenosis (73.75 ± 18.27% 
vs. 61.78 ± 21.07%, p<0.001), higher plaque burden (84.82 ± 10.58% 
vs. 77.48 ± 11.58%, p<0.001) and slightly higher prevalence of 
eccentric plaque (70.9% vs. 59.9%, p=0.075), compared with 
asymptomatic ICAD. 

• During 1-year follow-up, 11 patients had recurrent stroke. 



HMRF-funded project: 



HMRF-funded project: 

Conclusions: 
• Characterized by HRMRI, luminal stenosis and morphological 

features of individual lesions in the intracranial vessel wall may 
play a synergetic effect on the occurrence and recurrence of 
stroke. 

• The study findings suggest that both luminal stenosis and 
plaque morphology/components play a synergistic role in 
stroke occurrence. 



Our publications on HR-MRI vessel wall imaging



Our publications on HR-MRI vessel wall imaging
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Our publications on HR-MRI vessel wall imaging
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Editorial by Prof. Caplan L.R. 

1) This study provides additional evidence that high-resolution intracranial plaque 
morphology can provide information about stroke mechanism and paints a more 
complete picture of plaques: their location, size, regularity, and extent and locale 
of luminal compromise. 

2) Recognizing these plaque details helps with diagnosis and can also inform the 
interventionalist before placing stents or other devices in and through lumens 
bordered by intracranial arterial plaques.



Clinical Studies 
The Application of High Resolution-MRI in 
community-dwelling adults



A Community-based Study 
Project  title: 
Intracranial Atherosclerotic Disease and Cerebral Small Vessel Disease
among Middle-Aged and Older Adults: a Community-based Study

Among middle-aged and older population, we aim
1) to investigate the prevalence and clinical relevance of intracranial

atherosclerosis (ICAS) using 3.0T MRI.

2) to detect the prevalence of cerebral small vessel disease (CSVD)
and its correlation with intracranial atherosclerosis



A Community-based MRI Study 

TCCD and carotid duplex
Cerebrovascular reactivity (CVR)
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Approach and Objectives 

Conducting a well-
designed 
community-based 
MRI project.

Explored existing 
literature through 
systematic review 
and meta-analysis

Using TCCD and 
carotid ultrasound
for vascular 
hemodynamics, MRI 
for brain structure.

Analyse current and 
previous data for a 
holistic impression 
on ICAS and 
CSVD
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stroke-free
adults

ICAS +  CSVDIn Little is known  how Contributes to Cognitive decline

Cerebrovascular 
reactivity (CVR)

measures
brain vessels’ response to 

changes in metabolic demand
could explain

underlying 
mechanisms

Problem: Breath-holding CVRBH and hyperventilation CVRHV assessment techniques are practically 
challenging for critically ill patients.

Research Objectives: To investigate how each parameter influences cognitive deterioration and to explore the 
alternative vascular metrics to evaluate underlying mechanisms for early detection and precise diagnosis. 

(Terborg et al., 2000, Miller et al., 2019, Lasek-bal, 2012) 

Subjects and Methods
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• Our findings highlight the impact of intracranial atherosclerosis on cognitive
performance, independent of small vessel disease as indicated by WMH or even
other cerebrovascular risk factors.

• The mediating role of WMH and diastolic blood pressure in the relationship
between CVR and ICAS suggests that the preservation of white matter integrity and
blood pressure management could be crucial in mitigating cerebrovascular and
cognitive deteriorations.

• CVRBH and CVRHV reflect different hemodynamic mechanisms of vasodilatation
and vasoconstriction, respectively. CVRBH and CVRHV are independent of each
other.

Suggestions: 
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Summary:

In applying MR vessel wall imaging for for optimizing the diagnosis and 
treatment of ischemic stroke

1) The Ex-vivo MRI (1.5T) Vessel Wall Imaging of Histology-verified ICAS

2) 3T MR vessel wall imaging in stroke patients 

3) 3T MR vessel wall imaging in community-based study 



Clinical Impacts: 

• The study demonstrates that HRMRI can enhance the diagnosis and 
management of ICAS by providing detailed insights into plaque 
morphology and components. 

• This advancement allows for more precise risk stratification and 
targeted treatment strategies. 

• The findings advocate for the integration of HRMRI into clinical 
practice and health policy, promoting the use of advanced imaging 
techniques in stroke prevention and management to optimize 
healthcare services and improve population health.
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