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Commentary -------------------------------------------------

Diffusion-Weighted MR Imaging and Ischemic Stroke 

Marc Fisher1
•
3 and Christopher H. Sotak2 

Magnetic resonance imaging (MR) of ischemic 
cerebrovascular events with standard T1- and 
T2-weighted spin-echo techniques is widely em
ployed. Standard MR demonstrates vascular 
changes such as the absence of a flow void and 
the presence of arterial enhancement within 2-4 
hours of ischemic stroke onset in some cases ( 1 ). 
The earliest morphologic change in the brain 
parenchyma, swelling, is visible at the same time
point, but obvious, quantifiable signal changes 
within the brain parenchyma are usually not de
tectible for 6-12 hours. Recent reports suggest 
that computerized tomography (CT) can demon
strate early parenchymal abnormalities with al
most equal effectiveness (2, 3). Both standard 
MR and CT cannot reliably outline the extent of 
ischemic stroke injury during the first few hours. 
The ability to reliably image the location and 
extent of ischemic stroke within the first few 
hours would have an enormous impact on clinical 
diagnostic accuracy and might provide a useful 
adjunctive method to assign and assess therapy. 

Diffusion-weighted MR imaging (DWI) is a new 
methodology that can apparently quantitatively 
demonstrate the extent of ischemic injury very 
rapidly. DWI signals are generated by evaluating 
the translational movement (Brownian motion) of 
water molecules, abundantly present in cerebral 
tissue, as compared to standard T1- and T2-
weighted MR where image contrast is related to 
differences in T1- and T2-relaxation times, proton 
density, and flow (4). Diffusion weighting of an 
MR study can be accomplished by integrating 
strong, short dephasing and rephasing magnetic 
field gradients into the standard spin-echo imag
ing pulse sequence (5). DWI studies in experi
mental stroke models were initially performed by 
Moseley et al in a cat permanent middle cerebral 
artery occlusion (MCAO) model (6). Hyperinten-

sity on DWI, corresponding to the ischemic region 
at postmortem, was observed as early as 45 
minutes after stroke onset. The same group, 
using a reversible MCAO model in rats, observed 
DWI changes 14 minutes after vascular occlusion 
and demonstrated that these abnormalities on 
DWI reverted to normal when the occlusion was 
removed after 33 minutes (7). Standard T2-
weighted MR was unremarkable at these early 
timepoints, while 31 P and 1H MR spectroscopy 
demonstrated changes compatible with ischemic 
injury within the region of DWI abnormality . Mi
nematsu et al, using the same rat MCAO occlu
sion model, quantitatively evaluated DWI in early 
ischemic stroke (8). They observed that DWI 
ischemic lesion areas at 30 minutes after stroke 
onset (Fig. 1) were highly correlated with the area 
of infarction demonstrable at postmortem in per
manently occluded animals. In a second experi
ment, Minematsu et al reperfused their animals 
after 1 or 2 hours of temporary ischemia (9). DWI 
studies were performed during and after occlusion 
and the DWI lesion areas (hyperintense regions) 
were compared. Within 1 hour of temporary 
occlusion, 55% of the DWI lesion area observed 
during occlusion reverted to normal on the pos
treperfusion DWI studies (P < .01). With 2 hours 
of temporary occlusion, only 17% of the prere
perfusion DWI lesion area was reversible. Post
mortem infarct areas were highly correlated with 
the postocclusion DWI area of hyperintensity . 
These animal stroke model studies demonstrate 
that DWI can rapidly reveal the location and 
extent of ischemic brain injury and that DWI can 
be used to document the reversibility of ischemic 
injury by reperfusion. 

The study by Chien et al extends these animal 
DWI studies to stroke patients, although at a later 
timepoint ( 1 0). The authors demonstrate that 
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Fig. 1. A diffusion-weighted image at 30 minutes after stroke 
onset in a rat demonstrating hyperintensity in the territory of the 
occluded middle cerebral artery. 

DWI studies can be reliably performed without 
great difficulty or artifacts, as early as 10 hours 
after stroke onset. At the subacute to chronic 
timepoints after stroke, which were measured, 
the DWI studies revealed varying differences of 
the apparent diffusion coefficient (ADC) of water 
within regions of homogeneous hyperintensity on 
standard T2-weighted images. The regional ADC 
differences suggest variations in the tissue con
sequences and responses to ischemic injury. This 
preliminary human stroke DWI study needs to be 
extended to evaluate DWI changes in humans 
within 3-4 hours after stroke onset. 

Such early human stroke DWI studies will 
hopefully provide evidence that DWI can accu
rately characterize the extent and location of early 
ischemic injury, when standard MR shows little 
or no parenchymal abnormality. Additionally, 
early DWI studies may provide a mechanism to 
predict which ischemic tissue is salvageable or 
irreversibly injured. As noted by Chien et al (10), 
the ADC changes vary within subacute or chronic 
ischemic lesion and it is likely that ADC values 
also vary in hyperacute lesions. Irreversibly dam
aged tissue might have a lower ADC than sal
vageable tissue and this distinction could be made 
by ADC mapping. Such a possibility is suggested 
from the data in Minematsu's 1 and 2 hour DWI 
reversible ischemia studies in rats. It was observed 
that the signal intensity ratio between ischemic 
and normal tissue varied within the ischemic 
lesion and that a signal intensity ratio beyond a 
certain point identified ischemic regions that 
never reverted to normal after reperfusion. 
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Chien et al found an increase in the ADC of 
infarcted tissue when DWl studies were per
formed days or weeks after stroke onset. In 
animals, the ADC in ischemic tissue is reduced 
when DWI is performed minutes to a few hours 
after vascular occlusion. Knight et al observed an 
increase in DWI within the ischemic region when 
rats were serially studied over 48 hours (11). It is 
likely that the ADC results observed by Chien et 
al ( 1 0) reflect these serial changes and, presum
ably, very early DWI studies of human stroke will 
show a reduced ADC that should increase over 
time. The precise mechanisms responsible for the 
early reduction and later increase of the ADC 
within ischemic tissue are uncertain. The early 
ADC reduction is presumed to represent the rapid 
accumulation of intracellular water (cytotoxic 
edema) resulting from the failure of high-energy 
metabolism and cellular osmoregulation, al
though definitive correlation between DWI 
changes and cellular abnormalities remains lack
ing (4, 5). Other potential mechanisms for the 
early DWI changes in ischemic tissue include a 
local reduction of tissue temperature or reduced 
perfusion, leading to less molecular motion. 
These other possible explanations appear un
likely. 

The ability to detect and quantify ischemic 
stroke lesions within a few hours from onset will 
afford both the clinician and radiologist invaluable 
information. Based upon the history and neuro
logic examination, an ischemic lesion can be 
difficult to localize and quantify. Early DWI stud
ies should be able to provide this information in 
most cases, but clinical-radiologic correlation 
studies must be performed to validate the prom
ise suggested by the animal DWI experiments. 
Very early DWI demonstration of ischemic re
gions can also be used to evaluate therapeutic 
intervention. Two groups have employed DWI 
studies as an in vivo marker of treatment re
sponse in animal stroke models (12, 13). Quan
titative demonstration of differences in DWI is
chemic lesion area provides a method to assess 
therapeutic response within a few hours of stroke 
onset. Serial DWI studies might be useful as 
therapeutic endpoints in conjunction with tradi
tional clinical outcome scales. 

DWI studies can be combined with perfusion 
imaging to evaluate parenchymal ischemia and 
the state of tissue perfusion. Magnetic suscepti
bility contrast agents interfere with the acquisition 
of relative T2*-weighted signal (14). Thus, per
fused brain will transiently appear hypointense 
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and nonperfused areas will appear relatively hy
perintense. Regions of perfusion deficits correlate 
well with areas of ischemic injury, demonstrated 
by DWI in experimental stroke studies (12). Per
fusion imaging with ultrafast acquisition tech
niques can be used to quantitatively evaluate 
cerebral blood volume and regional cerebral blood 
flow (15). These two MR modalities, DWI and 
perfusion imaging, should provide a plethora of 
important information in ischemic stroke patients 
and many more clinical research studies such as 
the one reported by Chien et al ( 1 0) are eagerly 
anticipated. A new era for the very early evalua
tion of ischemic cerebrovascular disorders ap
pears to be dawning. 
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