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Highlights:  
• Diffusion-weighted MR imaging is the gold standard for the diagnosis of 
acute cerebral ischemia.  
• The role of perfusion-weighted MR and penumbra imaging is still being 
debated.  
• Emerging stroke MR imaging modalities include sodium imaging and 
intravascular incoherent motion imaging.  

Talk Title:  
Brain MRI in stroke  

Target Audience:  
This presentation targets all scientists and clinicians who have an interest for stroke
imaging.  

Purpose:  
The purpose of this presentation is to review how MRI became the gold standard for 
stroke imaging, and how new MRI modalities for stroke have developed and matured 
over time.  

Discussion:  

The development and generalization of treatment modalities for hyperacute stroke has 
made stroke a treatable emergency. The addition of magnetic resonance imaging (MRI) to
acute stroke patient work-up has increased our knowledge of acute stroke
pathophysiology and brought a tool to study how to best select patients for acute 
revascularization therapy. A typical stroke MR work-up includes several components, 
including diffusion-weighted imaging (DWI), FLAIR, MR-angiography (MRA) and 
potentially perfusion imaging.  

DWI is used to determine how much brain tissue is injured. In conjunction with FLAIR, it 
can be used to determine the age of an infarct. DWI is more accurate than CT in 
localizing ischemic lesions shortly after stroke onset. Admission CT does indeed localize 
lesions correctly in only 53% of patients. On the other hand, conventional MRI correctly 
identifies acute cerebral ischemia in 71% to 80% of cases. With the addition of DWI, this 
percentage increases to 94%. DWI can easily distinguish between new and old ischemic 
brain injuries, as they respectively show hypo- and hypersignal on ADC maps. In 77% to 
100% of patients with multiple cerebral infarcts, DWI not only delineates early ischemic  
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brain injury better than conventional MR, but also successfully identifies the acute lesion 
responsible for the clinical deficit.  

In the same vein, MRI is extremely sensitive at detecting intracerebral hemorrhage, and
can also help determine the age of an intracranial hematoma. T1- and T2-weighted MR 
sequences can estimate the age of an intracranial hemorrhage. T2*-gradient echo (GRE) 
and more recently susceptibility-weighted imaging (SWI) sequences are highly sensitive
to the susceptibility effects of paramagnetic and superparamagnetic breakdown products
of hemoglobin. Echo-planar T2*-weighted imaging can be performed with a very low 
acquisition time (seconds), which represents a significant advantage in patients with acute
intracranial hemorrhage who are unable to cooperate.  

MRA can demonstrate the site of major cerebral artery occlusion and also the degree of
collateral circulation. MR angiography techniques used for vascular imaging can be
broadly categorized into contrast enhanced and non-contrasted time of flight (TOF) and 
phase contrast techniques. Contrast-enhanced MRA is the most frequently used MRA
technique for imaging the extracranial carotid arteries, while TOF MRA is the standard for
intracranial arteries.  

Perfusion imaging in conjunction with DWI gives information that bears on how much
tissue is injured (DWI) and how much tissue is functionally inactive but still viable
(ischemic on PWI but still normal on DWI, the so-called “mismatch”). Different MRI 
techniques are available for cerebral perfusion measurements in routine clinical practice,
but a contrast-enhanced dynamic susceptibility T2* weighted technique remains the most
common method. Arterial spin labeling (ASL) technique is an additional technique that
does not require the use of a contrast agent but rather utilizes the spins of endogenous
water protons as a tracer.  

In addition to the conventional sequences described above, new emerging modalities are
being developed with exciting perspectives for stroke, including intravascular incoherent 
motion (IVIM) imaging, oxygen extraction fraction, cerebrovascular reactivity imaging,
blood-brain barrier permeability imaging, pH imaging, and many others.  

A number of important questions remain, but current knowledge of natural history of 
stroke using MRI has provided a framework for comparing new therapeutic interventions.
One critical issue that remains to be answered is whether patient treatment can be
tailored not to a fixed time window but to the physiological state of the ischemic tissue as 
defined by MRI.  

Conclusion:  
MRI is the reference standard modality for stroke. It provides insight into acute stroke 
pathophysiology and can potentially serve as a tool for management decisions in stroke 
patients.  
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