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Aim: Most acute strokes are due to a blocked blood 
vessel in the brain. Treatments to unblock the vessel 
are risky and may work best if given when the brain 
can still recover. Magnetic resonance (MR) diffusion 
and perfusion imaging are thought to show the area 
of potentially treatable brain in acute stroke and so 
to guide treatment. MR Diffusion imaging shows brain 
cell injury, perfusion shows blood flow to the stroke 
area. Several studies have suggested that, for 
example, once an acute ischaemic stroke lesion is 
visible on “diffusion” imaging, that the affected tissue 
is no longer alive and that the size of the “diffusion” 
lesion predicts whether the patient will recover or 
not; or that if there is a bigger abnormal area on 
“perfusion” imaging than on the “diffusion” image, 
that the part of the brain falling in this “mismatch” is 
at risk of becoming permanently damaged with a 
worse outcome for the patient. However, the 
relationship of these imaging variables to more direct 
ways of assessing the patient, the reliability of these 
imaging measures, and their relationship to outcome 
had not been tested in a large study. We aimed to 
clarify the relationships between the clinical features 
at presentation with acute stroke, the brain 
appearance on different types of MR imaging, and 
functional recovery to improve identification of 
potentially treatable tissue.     
 
Project Outline/Methodology: A large prospective 
study of patients assessed as soon as possible after 
stroke. The patients were carefully examined and the 
severity of their stroke, i.e. the effect that the stroke 
had had on their ability to move, see, feel, speak and 
understand, were quantified. MR diffusion, perfusion 
and structural imaging of the brain were performed 
on admission and at 4-7, 10-14 days, 1 and 3 
months. Complex image processing techniques were 
developed to extract information on tissue state and 
relate these to the stroke severity and the patient’s 
recovery at 3 months.  
 
Key Results: Amongst 127 patients, the strongest 
predictor of recovery was the severity of the stroke. 
The bigger the stroke lesion size on diffusion imaging 
the more severe the stroke, but the lesion size did 

not predict patient outcome. Several ways of 
determining the “diffusion-perfusion mismatch” were 
assessed, but none of these predicted outcome 
either. Some perfusion methods underestimated the 
final amount of brain damage and others 
overestimated it. However, parts of the stroke lesion 
where the blood flow improved tended to recover 
even if they were abnormal on the “diffusion” image -
“brighter” and “sharper-edged” areas did not recover, 
but “paler” and “less sharp-edged” areas did if blood 
flow improved. Further analyses are ongoing to 
examine in more detail relationships between blood 
flow changes, preservation of brain cell connections 
and recovery of normal function. On a practical note, 
MR was a difficult technique to use routinely in 
patients with acute stroke, and we found that some 
patients even had difficulty breathing properly while 
in the scanner. 
 
Conclusions: The “diffusion-perfusion mismatch” 
concept may have been over-emphasised as a 
method of identifying brain tissue at risk of damage. 
Future studies should define their measurement 
methods more clearly and include a broad mix of 
patients and adequate blinding of all assessments. 
 
What does this study add to the field? It clarified 
several previous misconceptions, identified clinically 
important and previously-overlooked useful features 
on imaging and clarifies the role of MR diffusion and 
perfusion imaging in acute stroke. 
 
Implications for Practice or Policy: The results do 
not support the routine use of MR diffusion-perfusion 
imaging in most acute stroke patients. However, ours 
and other’s work has shown that diffusion imaging is 
useful across a wide range of mild to severe strokes 
to give positive identification of the stroke lesion and 
its use in specific instances is warranted. 
 
Where to next? Further research is needed  
to clarify the relationship of key MR imaging  
features and patient outcome after  
thrombolytic (clot busting) or other acute 
treatments. 
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