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Imaging-based selection of patients for
acute stroke treatment
Is it ready for prime time?

Historically, brain imaging in acute stroke has sought
to exclude brain hemorrhage in order to allow therapy
aiming at recanalization of the occluded intracranial
artery. The National Institute of Neurological Disor-
ders and Stroke study, published in 1995, found a clin-
ical benefit of IV thrombolysis in acute stroke after
exclusion of brain hemorrhage based on noncontrast
CT (NCCT).1 More than 20 years later, the decision
at most centers whether to give thrombolysis within
the first 4.5 hours remains based on NCCT; often, the
bolus of recombinant tissue plasminogen activator
(rt-PA) is administered in the CT scanner suite even
before vascular and perfusion imaging is performed to
avoid any delay. While acknowledging that time is
brain, the experienced stroke neurologist often feels
that a more precise selection of patients, at the time
of the decision for acute revascularization therapy,
would be clinically beneficial. The publication of trials
demonstrating higher rates of functional independence
at 3 months in 2 studies (SWIFT PRIME2 and
EXTEND-IA3) that required the demonstration of
substantial ischemic penumbra for inclusion (60%
and 71%, respectively) compared to those that did
not (MR CLEAN, 33%4; REVASCAT, 44%5; and
ESCAPE, 53%6) underscores the dilemma. Better
selection can improve patient outcome and avoid futile
and costly endovascular treatments.

The imaging-based selection of acute stroke pa-
tients relies on the physiologic concept that part or
the totality of the ischemic brain tissue may escape
infarction if perfusion is restored quickly enough.7

The challenge, at time of treatment, is to distinguish
tissue that can be potentially salvageable (the ischemic
penumbra) from the definitively infarcted tissue (the
ischemic core). A patient with a large penumbra and
a small core could benefit more from reperfusion.
Despite a clear concept and great interest in the field,
no consensus exists regarding how and when to base
therapeutic decisions on perfusion imaging.

In this issue of Neurology®, Demeestere et al.8

compared the value of 2 CT-based techniques to
identify the ischemic core, and found that perfusion
CT identifies the ischemic core better than the

Alberta Stroke Program Early CT Score (ASPECTS)
(based on NCCT).9 In their study, the gold standard
was the lesion delineated on a diffusion-weighted
sequence (MRI), acquired within 1 hour of CT.
Because of its use in many hospitals worldwide, inves-
tigation of the value of CT-based measures is partic-
ularly relevant. In the current study, the authors
focused on 2 imaging techniques that have never been
compared head-to-head in this setting.

Brain perfusion imaging (using CT or MRI) can
reliably identify the ischemic penumbra and the
ischemic core.10 Different measures extracted from
the time curves depicting the wash-in and wash-out
of a bolus of contrast medium can describe brain
perfusion (figure). The most reliable thresholds for
determining the core infarction are an absolute cere-
bral blood volume of ,2.0–2.2 mL/100 g and
a decrease in cerebral blood flow (CBF) by 38%–

50% relative to the normal hemisphere.11–14 In the
current study, the authors defined the infarct core as
the brain region with a relative CBF of less than 30%
(compared to the contralateral hemisphere) in an area
with a delay time of more than 3 seconds.

One of the common mistakes in the interpretation
of perfusion maps is to forget that the viability of the
tissue is not directly assessed but inferred from the per-
fusion measures, used as a surrogate of brain metabo-
lism. As an example, an occlusion of an artery may
induce a severe alteration of the perfusion in the corre-
sponding territory, which will not evolve into infarction
if recanalization occurs early enough. The duration of
occlusion is an important factor that affects the volume
of the ischemic core and its evolution to final infarct.

The ASPECTS ranges from 10 to 1 depending on
the extent of the hypodensity onNCCT.9 Hypodensity
caused by an increased net water uptake corresponds to
severe ischemia that results in infarction. As the authors
point out, the issue of intersubject variability in the
assessment of ASPECTS remains unresolved.

Should we change our practice based on the results
of this study? No doubt, this study represents an impor-
tant step towards a better understanding of the CT
imaging parameters that can help identify the ischemic
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core. However, the implementation of these results in
clinical practice is challenging because of the retrospec-
tive nature of the study, the low number of included pa-
tients, and the use of an older-generation CT scanner.
Future comparisons should also include multiphase
CT angiography, adopted by many centers as part of
their evaluation protocols for large vessel occlusion.

Within the established time window, there is no
evidence today that would support excluding patients
for acute IV or endovascular treatment based on per-
fusion imaging or ASPECTS. Beyond the established
time window and in patients with unknown onset of
symptoms, randomized trials, such as the Diffusion
and Perfusion Imaging Evaluation for Understanding
Stroke Evolution Study (DEFUSE) 3, still need to
determine whether acute endovascular treatment also
benefits patients with a favorable penumbral pattern
(target mismatch) and a concordant ASPECTS.
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Figure Perfusion curves in normally perfused and hypoperfused brain tissue

(A) Normally perfused and (B) hypoperfused brain tissue. In hypoperfused tissue, the mean transit time (MTT) and the TMax are increased, whereas the cere-
bral blood volume (CBF) is decreased. Depending on the severity of the ischemia, the CBV (area) can be decreased (ischemic core), unchanged, or increased
(ischemic penumbra).
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