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ABSTRACT

Objective: To assess the evidence for the use of diffusion-weighted imaging (DWI) and perfusion-
weighted imaging (PWI) in the diagnosis of patients with acute ischemic stroke.

Methods: We systematically analyzed the literature from 1966 to January 2008 to address the
diagnostic and prognostic value of DWI and PWI.

Results and Recommendations: DWI is established as useful and should be considered more useful
than noncontrast CT for the diagnosis of acute ischemic stroke within 12 hours of symptom
onset. DWI should be performed for the most accurate diagnosis of acute ischemic stroke (Level
A); however, the sensitivity of DWI for the diagnosis of ischemic stroke in a general sample of
patients with possible acute stroke is not perfect. The diagnostic accuracy of DWI in evaluating
cerebral hemorrhage is outside the scope of this guideline. On the basis of Class II and III evi-
dence, baseline DWI volumes probably predict baseline stroke severity in anterior territory stroke
(Level B) but possibly do not in vertebrobasilar artery territory stroke (Level C). Baseline DWI lesion
volumes probably predict (final) infarct volumes (Level B) and possibly predict early and late clinical
outcome measures (Level C). Baseline PWI volumes predict to a lesser degree the baseline stroke
severity compared with DWI (Level C). There is insufficient evidence to support or refute the value of
PWI in diagnosing acute ischemic stroke (Level U). Neurology® 2010;75:177–185

GLOSSARY
ADC � apparent diffusion coefficient; ASPECTS � Alberta Stroke Program Early CT Score; CBF � cerebral blood flow; CI �
confidence interval; DWI � diffusion-weighted imaging; ICH � intracerebral hemorrhage; MR � magnetic resonance;
NIHSS � National Institute of Health Stroke Scale; PWI � perfusion-weighted imaging; tPA � tissue plasminogen activator.

Stroke is the third leading cause of death and the
leading cause of permanent disability and disability-
adjusted loss of independent life-years in Western
countries.1 Presently, the only specific, approved
therapy for acute ischemic stroke is IV tissue plas-
minogen activator (tPA) given within 4.5 hours.2-6

tPA use has been limited due to the short treatment
window, concerns about the limitations of CT-based
diagnosis, and fear of hemorrhagic risks.

Noncontrast CT is the current diagnostic stan-
dard for acute stroke due to its wide availability
and presumed near-perfect sensitivity for acute in-
tracerebral hemorrhage (ICH),7,8 the most impor-

tant differential diagnosis to ischemic stroke. For
ischemic infarction, a number of early signs have
been described9 and formalized CT scores have
been developed.10 The sensitivity of CT in acute
ischemic stroke varies, depending on the imaging
features of infarction, examination time from clin-
ical onset, study population, and other variables.
Sensitivity estimates range from 12% to 92%,
with an overall estimate of 40%– 60% for the
6-hour time window.11 A post hoc analysis of the
CT data from the National Institute of Neurolog-
ical Disorders and Stroke tPA study yielded a 31%
sensitivity for early infarct signs.12 Despite the fact
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that CT accuracy in acute stroke has never been
established by formal assessment of the evidence
relative to an independent standard, CT has be-
come the de facto diagnostic standard.

As noncontrast CT has limited sensitivity for the
diagnosis of ischemic stroke in the initial hours, im-
proved accuracy of stroke diagnosis is necessary for
the development and application of optimal throm-
bolytic and other stroke therapy.12,13 New MRI tech-
niques such as diffusion-weighted imaging (DWI)
and perfusion-weighted imaging (PWI) add another
dimension to diagnostic imaging14,15 and have the
potential to improve the diagnostic yield while being
practical and feasible.

DWI measures the net movement of water in
tissue due to random (Brownian) molecular mo-
tion of water and shows hyperintense ischemic tis-
sue changes within minutes to a few hours after
arterial occlusion due to a reduction of the appar-
ent diffusion coefficient (ADC).16,17 The ADC re-
duction occurs primarily in the intracellular space
associated with disruption in membrane ionic ho-
meostasis and cytotoxic edema. Decreases in the
ADC and increased signal on DWI studies in
many instances represent irreversible ischemia. To
differentiate acute from subacute or older lesions
(T2 shine-through), DWI is used in conjunction
with T2-weighted images and ADC maps.

PWI allows the measurement of capillary perfu-
sion. The method most commonly used in clinical
practice and research is the dynamic susceptibility
contrast-enhanced technique, in which paramagnetic
contrast agent is injected as an IV bolus and the sig-
nal change is tracked by susceptibility-weighted,
T2*-weighted magnetic resonance (MR) seque-
nces.18 Relative cerebrovascular hemodynamic
measures reflecting cerebral blood volume, mean
transit time, time to peak, and cerebral blood flow
(CBF) can be derived from the MR signal
intensity-over-time curve in a semiquantitative
fashion. Parameter maps display the area of criti-
cally reduced perfusion.

Although studies have overcome the usual lo-
gistical obstacles to the emergency use of MRI,19,20

doubts remain regarding the feasibility, practical-
ity, and validity of stroke MRI in the clinical set-
ting. As there is no true imaging gold standard for
acute ischemic stroke that has been established by
comparison with neuropathologic findings,21 the
reference diagnosis of ischemic stroke in most
MRI studies is established using a follow-up lesion
on CT or conventional MR images consistent with
the clinical syndrome and a comprehensive diag-
nostic workup.

We sought to answer the following questions re-
garding the accuracy, sensitivity, and specificity of
MRI use in acute ischemic stroke:

1. Are DWI and PWI sensitive and specific in the
diagnosis of acute ischemic stroke (compared to
concurrent imaging with other techniques, estab-
lished by follow-up imaging, clinical follow-up,
and final discharge diagnosis)?

2. Does the volume of the DWI or PWI abnormal-
ity predict initial clinical severity, final infarct
size, and late clinical outcome?

We addressed these questions solely from the
standpoint of diagnostic accuracy. In clinical prac-
tice, whether MRI or CT should be performed de-
pends on additional factors that are outside the scope
of this assessment. For the second question, the term
predict was used instead of correlate. Correlate is a
generic term for a measure of association or a specific
technique for a measure of the strength of association
between continuous variables. Because we reviewed
evidence on the basis of both the correlation between
continuous variables and the association with dichot-
omous outcomes, the more generic term “predict”
was used in formulating this question.

DESCRIPTION OF THE ANALYTIC PROCESS A
panel of neurologists, neuroradiologists, and radiolo-
gists was assembled. The panel performed a literature
search through January 2008 in the following databases:
Medline (starting 1966), Embase (starting 1974), Biosis
(starting 1969), and Sci (starting 1990). The exact key-
word search is available in appendix e-1 on the
Neurology® Web site at www.neurology.org.

We identified 492 abstracts for question 1
(DWI), 213 for question 1 (PWI), and 210 for ques-
tion 2. Two panel members reviewed each abstract.
Exclusion criteria were as follows: 1) unrelated to
acute ischemic stroke �12 hours (question 1) or
�24 hours (question 2) after symptom onset or un-
related to questions; 2) unrelated to DWI or PWI
(i.e., CT, T2-weighted imaging, Xe-CT, PET,
SPECT); 3) case report or case series with n �15; 4)
review article; 5) letter to the editor or editorial; 6)
involving pediatric patients or nonhuman subjects;
or 7) nonclinical (e.g., technique development). The
eligible publications of each pair were discussed with
the whole panel to produce a final list of articles for
each question.

We chose a time window of 12 hours for question
1 because most treatment studies for acute stroke
have an inclusion window of �12 hours. DWI and
PWI have a high diagnostic accuracy within the first
hours, and effective treatment of acute stroke is neg-
atively correlated with time from symptom onset.
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Studies that included patients in a time window ex-
ceeding 12 hours were considered for inclusion if a
subset of patients �12 hours was reported or the
numbers for such a subset could be extracted. For
question 2, we chose a time window of 24 hours and
a sample size of 30 or more for inclusion. Further-
more, we excluded studies in which any patients re-
ceived thrombolytic therapy so as not to confound
the prognostic value of DWI and PWI with regard to
the natural disease course.

Recently reported large open series,22,23 phase II
and III randomized, placebo-controlled trials of
MRI-guided IV thrombolysis in acute stroke (DIAS,
DEDAS, DIAS-2, EPITHET)24-27 are a case in
point. These trials selected patients for inclusion up
to 9 hours from stroke onset on the basis of a qualita-
tive MRI penumbral pattern. For this assessment,
only the placebo groups of these trials would be eligi-
ble and helpful in judging diagnostic accuracy (ques-
tion 1) or predictive value for baseline clinical status
and clinical or structural outcome (question 2). No
separate imaging data are available for any of these
studies yet; in EPITHET, only summary data and the
subgroups with PWI/DWI mismatch are presented.

Evidence was classified using a 4-tier classification
scheme for diagnostic (question 1) and prognostic
(question 2) articles (appendices e-2 and e-3), and rec-
ommendations were based on these levels of evidence
(appendix e-4). If more than one publication from
identical groups entered data extraction, the manu-
scripts were assessed for the same patients being used in
different analyses. In this case, the publication with the
highest class of evidence and patient number was in-
cluded. After the selection process, panel members dis-
cussed potentially relevant publications that could
change the level of recommendation. These studies
were included or excluded by consensus.

ANALYSIS OF EVIDENCE Question 1: Are DWI
and PWI sensitive and specific in the diagnosis of
acute ischemic stroke (compared to concurrent imag-
ing with other techniques, established by follow-up
imaging, clinical follow-up, and final discharge diag-
nosis)? We identified 62 studies fulfilling the inclu-
sion criteria. Twenty-six were excluded due to
patient overlap with other studies of the same inves-
tigator groups. Of the remaining 36 articles, 32 are
not discussed further because they consisted of Class
III (n � 4) and IV (n � 28) evidence.

For DWI, there was 1 Class I28 and 3 Class II
studies7,13,29; all PWI studies were Class IV. The
Class I study assessed the accuracy of MRI (DWI and
gradient echo scans) vs CT in 356 consecutive pa-
tients presenting to a hospital emergency department
over an 18-month period in whom the emergency
physician diagnosed possible acute stroke.28 There-

fore, ischemic strokes, nonischemic strokes, and
stroke mimics were included. Patients with the sus-
pected diagnosis of acute stroke were imaged a me-
dian of 34 minutes earlier by MRI than CT. Two
neuroradiologists and 2 stroke neurologists indepen-
dently interpreted all scans, blinded to clinical infor-
mation and CT-DWI pairings. In the subset of 221
patients scanned within 12 hours of onset, the major-
ity of readers correctly diagnosed acute ischemic
stroke by MRI more often than by CT (94 vs 22, p �

0.0001). The odds ratio and its 95% confidence in-
terval (CI) of the difference in the proportions was
25 (8–79), indicating an effect size sufficiently large
for this single study to justify a Level A recommenda-
tion. A similar direction and magnitude of difference
were also seen in the subset of 90 patients scanned
within 3 hours of onset. Relative to the final hospital
discharge diagnosis (based on follow-up imaging and
clinical syndrome), the sensitivity, specificity, and ac-
curacy of DWI were 77%, 96%, and 86%, and of
CT were 16%, 97%, and 55%. These sensitivities are
lower than in other series, which may indicate vul-
nerability to selection bias, as they lacked a cohort of
nonstroke controls and underrepresented milder
strokes that were seen in this sample (median Na-
tional Institute of Health Stroke Scale [NIHSS]
score was 4). The performance of baseline imaging
in predicting final diagnosis is limited by the fact
that all imaging findings were available in the hos-
pital medical record to clinicians who made the
discharge diagnosis.

A Class II study prospectively evaluated 50 pa-
tients with ischemic stroke and 4 patients with
TIAs.13 Patients were randomized to receive MRI or
CT within 6 hours of stroke onset. The independent
diagnosis of stroke was established by the clinical
course and follow-up CT or MRI. Five stroke experts
and 4 residents independently judged the images.
They were blinded to the patients’ symptoms and
signs but were aware that the cohort was an ischemic
stroke population. The sensitivity of infarct detection
by the experts was significantly better when based on
DWI (91%) than CT (61%), as was the accuracy:
DWI (91%), CT (61%). Interrater variability of
lesion detection was also significantly better for
DWI (� � 0.84) than for CT (� � 0.51). DWI
had good interrater homogeneity and better sensi-
tivity and accuracy than CT, even if the raters had
limited experience.

The discrimination of ischemic from hemor-
rhagic stroke was studied in a Class II prospective
multicenter study of 62 patients with ICH or isch-
emic stroke who were assessed within 6 hours (mean
3 hours 23 minutes) with DWI, T2-weighted imag-
ing, and T2*-weighted imaging.7 Baseline CT,
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follow-up imaging, and clinical course were used to
establish the diagnosis of ischemic stroke and ICH.
Three blinded raters independently rated all scans.
All ischemic strokes and ICHs were correctly identi-
fied. Because the aim of this study was to evaluate
whether MRI with DWI could differentiate ischemic
stroke from ICH within the first 6 hours, the spec-
trum of patients and controls was narrow. This study
is pertinent to the diagnostic strength of CT and
MRI for both ischemic and hemorrhagic stroke;
however, the latter is outside the parameters of this
report and is not addressed further.

A final Class II prospective study of 100 patients
compared DWI and CT with a blinded image analy-
sis.29 CT was performed first within 6 hours of symp-
tom onset, followed by DWI within 7 hours of
symptom onset. Because 39 patients received tPA, the
study was excluded for question 2. Five blinded readers
applied the Alberta Stroke Program Early CT Score
(ASPECTS)10 for both CT and DWI and validated the
scores by follow-up imaging. The ASPECTS is a for-
malized CT-derived score used to evaluate the degree of
ischemic changes in the middle cerebral artery territory.
DWI and CT ASPECTS were positively related (p �
0.001). Of CT scans with ASPECTS of 8–10, 81%
had DWI ASPECTS of 8–10. Early CT changes were
found in 66% of patients (CI 56–75), and DWI abnor-
malities were found in 81% of patients (CI 72–88;
nonsignificant). However, the median CT ASPECTS
was 9 and the median DWI ASPECTS was 8, indicating
that lesions are more conspicuous with the latter method.

Table 1 summarizes the results of the 4 Class I
and II studies that address question 1.

Conclusions. DWI is established as superior to CT for
the diagnosis of acute ischemic stroke within 12 hours

of symptom onset (1 Class I study with large effect).
The diagnostic accuracy of DWI in the evaluation of
hemorrhagic stroke is outside the scope of this review.
There was no evidence rated better than Class IV to
determine the diagnostic accuracy of PWI.

Question 2: Does the volume of the DWI or PWI ab-
normality predict initial clinical severity, final infarct

size, and late clinical outcome? We identified 8 stud-
ies fulfilling the inclusion criteria. Of these, 4 Class
IV studies assessed only the correlation of baseline
DWI and PWI lesion volume with chronic lesion
volume,30-33 1 Class II study assessed only the correla-
tion of baseline DWI and PWI lesion volume with
clinical outcome,34 and 2 Class II studies and 1 Class
III study assessed both clinical and morphologic
outcome.35-37 None of the identified studies com-
pared CT with MRI in predicting these outcomes.

One Class II study investigated whether DWI is
useful for clinicoradiologic correlation of posterior-
circulation ischemia within 24 hours of symptom
onset and whether NIHSS score correlates with le-
sion volumes in patients with posterior-circulation
stroke.34 Using imaging and clinical criteria, 115 of
631 patients (18%) had symptoms of posterior-
circulation ischemia. Of these 115, 40 patients ful-
filled the inclusion criteria with regard to time
window and available imaging data. An acute lesion
corresponding to the patient’s symptoms was de-
tected in all 40 patients on DWI but in only 16 pa-
tients on T2-weighted imaging. Acute lesion volume
did not correlate with NIHSS score (n � 40; rho �

0.3; p � 0.06). The authors conclude that DWI has
a higher diagnostic accuracy than T2-weighted imag-
ing in patients with acute posterior-circulation

Table 1 Class I and II studies for question 1: Is DWI sensitive and specific in the diagnosis of acute
ischemic stroke?

Author (year) Objectives, design Results
Class of
evidence

Chalela et al.28

(2007)
Diagnostic accuracy of DWI (and GRE) compared
to CT and final clinical diagnosis for acute stroke
(ischemic and hemorrhagic). Total sample � 356;
221 �12 hours. Majority opinion of blinded,
independent reads by panel of 4 experts.
Representative and broad spectrum of patients
with clinical suspicion of stroke by emergency
physician (actual diagnosis: ischemic stroke, TIA,
primary hemorrhage, not cerebrovascular). MRI
obtained earlier than CT by 34 minutes.

MRI superior to CT for acute ischemic stroke
detection �12 hours from onset: OR (95%
CI) � 25 (8–79). CT: sensitivity 16%,
specificity 97%, accuracy 55%; MRI:
sensitivity 78%, specificity 96%, accuracy
86%

I

Fiebach et al.13

(2002)
Randomized comparison of CT and DWI in
ischemic stroke �6 hours. CT before DWI by 9
minutes.

Sensitivity experts: CT 61% (range 52%–
70%); DWI 91% (range 88%–94%);
sensitivity novices: CT 46% (range 32%–
64%); DWI 81% (range 78%–86%)

II

Fiebach et al.7

(2004)
Diagnostic accuracy of T2, T2*, DWI to
discriminate ischemic stroke from ICH.

Sensitivity: 100% (95% CI 97.1%–100%);
specificity, PPV, NPV, accuracy: 100%

II

Barber et al.29

(2005)
Diagnostic accuracy of CT and DWI �6 (7) hours
by ASPECTS score. CT always before DWI.

Sensitivity: CT: 66% (66/100, CI 56–75);
DWI: 81% (81/100, CI 72–88)

II

Abbreviations: ASPECTS � Alberta Stroke Program Early CT Score; CI � confidence interval; DWI � diffusion-weighted
imaging; GRE � gradient echo; NPV � negative predictive value; OR � odds ratio; PPV � positive predictive value.
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strokes and suggest that DWI lesion volumes do not
correlate with NIHSS score because the NIHSS score
may be less valid in posterior-circulation than in
anterior-circulation stroke symptoms.

Another Class II study36 assessed 50 patients diag-
nosed with acute ischemic middle cerebral artery ter-
ritory stroke (�24-hour duration) with DWI.
Thirty-four patients had volumes measured by T2-
weighted imaging chronically (median 7.5 weeks).
Acute lesion volumes correlated with the acute (r �
0.56–0.61, p � 0.0001) and chronic (r � 0.63, p �
0.0001) NIHSS and with chronic lesion volumes
(r � 0.84–0.90, p � 0.0001). The correlation of
acute DWI lesion volume with the chronic Barthel
Index was moderate (r � �0.33, p � 0.034).

A final Class II study examined DWI and PWI
characteristics in a neuroprotective double-blind
placebo-controlled study involving patients with
acute ischemic stroke.37 Patients with acute ischemic
stroke symptom onset 24 hours or less before the
start of treatment, NIHSS scores of 5 or higher, and
lesions of 1 to 120 mL in cerebral gray matter by
DWI were enrolled. Of the 100 patients enrolled, 81
had interpretable MR measurements. Baseline DWI
and PWI lesion volumes correlated with baseline
NIHSS scores (r � 0.64 and r � 0.49, both p �
0.001). Baseline DWI volume also correlated with
follow-up lesion volume at 12 weeks (r � 0.79, p �
0.001). The authors conclude that significant corre-
lations between lesion volumes and clinical measures
were found, replicating values reported in the litera-
ture for smaller case series, and suggest that this rela-
tionship supports the role of DWI as a clinically
meaningful surrogate marker in stroke clinical trials.

The aim of the Class III study35 was to investigate
whether the relationship between acute NIHSS score

and acute stroke volume (as determined by acute
DWI and PWI) differs between right-sided and left-
sided stroke. This difference may be important if a
low NIHSS score is used to exclude patients with
right-hemisphere stroke from clinical trials or estab-
lished treatments. A total of 153 patients were retro-
spectively assessed with MRI within 24 hours of
stroke onset. There were correlations between the
acute NIHSS scores and acute DWI lesion volumes
(r � 0.48 right, r � 0.58 left, p � 0.0001) and
between acute NIHSS scores and PWI hypoperfu-
sion volumes (r � 0.62 right, r � 0.60 left, p �
0.0001). However, multiple linear regression analysis
revealed a lower acute NIHSS score on the right side
compared to the left when adjusted for stroke vol-
ume on follow-up T2 imaging (p � 0.03). The au-
thors concluded that patients with right hemispheric
stroke may have a lower NIHSS despite substantial
acute stroke volume defined by DWI and PWI, and
these imaging modalities may be more useful than the
NIHSS in identifying patients who may be eligible for
acute stroke protocols.

A combination of the baseline NIHSS score, time
from stroke onset to DWI, and the baseline lesion vol-
ume on DWI was an independent predictor of clinical
outcome (3-month Barthel Index) in a logistic regres-
sion model.38 The model was externally validated with a
77% sensitivity and 88% specificity. A similar retro-
spective study of 63 patients investigated whether the
baseline DWI lesion volume was an independent pre-
dictor of functional outcome.39 In both instances, the
derivation and validation groups were very small.

Table 2 summarizes the results of the 3 Class II
studies that address question 2.

Conclusions. Baseline DWI volume probably pre-
dicts baseline clinical stroke severity and final lesion

Table 2 Class II studies for question 2: Does the volume of the DWI or PWI abnormality correlate with initial
clinical severity, final infarct size, and late clinical outcome?

Author (year) Objectives, design Results
Class of
evidence

Linfante et al.34

(2001)
Prognosis of DWI lesion volume and clinical
outcome measured with NIHSS in patients
with posterior circulation ischemia within
24 hours of symptom onset.

DWI lesion volume did not correlate with NIHSS
(rho � 0.3; p � 0.06)

II

Lovblad et al.36

(1997)
Prognosis of DWI lesion volume and 1)
clinical measures during acute and chronic
stages after MCA territory stroke; 2)
chronic lesion volume.

DWI lesion volumes correlated with the acute
(r � 0.56–0.61, p � 0.0001) and chronic (r �
0.63, p � 0.0001) NIHSS with moderate
correlation with chronic Barthel Index (r �
�0.33, p � 0.034). DWI lesion volume
correlated with chronic lesion volumes (r �
0.84–0.90, p � 0.0001)

II

Warach et al.37

(2000)
Correlation of DWI and PWI lesion volume
within 24 hours of symptom onset with
acute stroke severity measured with
NIHSS. Prognosis of baseline DWI volume
and chronic lesion volume.

Baseline DWI and PWI lesion volumes
significantly correlated with baseline NIHSS
scores (r � 0.64 and r � 0.49, both p � 0.001).
Baseline DWI volume correlated with follow-up
lesion volume at 12 weeks (r � 0.79, p �
0.001)

II

Abbreviations: DWI � diffusion-weighted imaging; MCA � middle cerebral artery; NIHSS � National Institute of Health
Stroke Scale; PWI � perfusion-weighted imaging.
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volume in anterior-circulation stroke syndromes
(multiple Class II studies) and is possibly accurate in
predicting clinical outcome as measured by the
NIHSS and Barthel Index (1 Class II study). Baseline
DWI volume possibly does not predict the baseline
NIHSS score in posterior-circulation stroke syn-
dromes (1 Class II study). Baseline PWI volume pos-
sibly predicts baseline clinical stroke severity (1 Class
II study).

RECOMMENDATIONS

1. DWI should be considered superior to noncon-
trast CT scan for the diagnosis of acute ischemic
stroke in patients presenting within 12 hours of
symptom onset (Level A).

2. There is insufficient evidence to support or refute
the value of PWI in diagnosing acute ischemic
stroke (Level U).

3. Baseline DWI volume should be considered use-
ful in predicting baseline clinical stroke severity
and final lesion volume in anterior-circulation
stroke syndromes (Level B).

4. Baseline DWI volume may be considered not use-
ful in predicting baseline NIHSS score in
posterior-circulation stroke syndromes (Level C).

5. Baseline DWI volume may be considered useful
in predicting clinical outcome as measured by the
NIHSS and Barthel Index (Level C).

6. Baseline PWI volume may be considered useful
in predicting baseline clinical stroke severity
(Level C).

CLINICAL CONTEXT In patients presenting with
acute neurologic impairment, noncontrast CT imag-
ing is used to evaluate for infarct and to exclude hem-
orrhage and other structural lesions that may mimic
stroke. The evidence from our report demonstrates
that DWI is accurate and superior to CT for the
diagnosis of acute ischemic stroke7,13,28,29 relative to
clinical and imaging outcomes. However, in clinical
practice, the availability and cost of imaging modali-
ties and the requirements of medical management
enter into the decision about which test to perform
in the acute period.

The true sensitivity of DWI for the diagnosis of
ischemic stroke is not 100% and is probably closer to
80%–90% in a general sample of patients presenting
for emergency evaluation of possible stroke. Many of
the initial case series and small CT comparative stud-
ies reported a near-100% sensitivity for DWI in the
hyperacute stage of stroke40,e1,e2 in highly selected
subsets of patients. Increasingly, however, cases of
DWI-negative stroke were reported.e3 False-negative
DWI in ischemic stroke may be attributable to mild
(small) strokes, brainstem location, and the earliest

times from onset, and may become less frequent as
imaging technology continues to improve.

DWI-positive scans in TIA are common. Accord-
ing to the literature, acute ischemic DWI lesions are
present in 40.1% of patients with the clinical diagno-
sis of a TIA (10 studies, 234/584 patients), a finding
that correlates with symptom duration.e4,e5 Only
one of the studies involved DWI performed within
24 hours of symptom onset.e6 A recent study esti-
mated the epidemiologic impact of DWI-based diag-
nosis would result in reduced annual TIA incidence
(33%) and increased stroke incidence (7%) in the
United States.e7

RECOMMENDATIONS FOR FUTURE RESEARCH

1. Prospective, well-designed studies on the diagnos-
tic utility of PWI in acute stroke are needed.

2. Hypoperfusion remains a key pathophysiologic
mechanism in stroke. However, it is not known if
absolute quantification of CBF at any one mo-
ment in time is sufficient for diagnosis or predic-
tion of tissue outcome. If the predictive value of
such hemodynamic measures can be validated,
semiquantitative or qualitative assessment rather
than quantitative techniques (e.g., 15O-PET
scanning) may suffice. There are also newer tech-
niques of PWI on the horizon that provide more
quantitative parameters. Which current and
which future approaches have superior diagnostic
and prognostic utility should be investigated, or a
consensus to permit consistent and definitive
studies on the use of PWI in acute stroke should
be reached.

3. Integration of clinical and laboratory data with
DWI in combination with MRA-derived and
PWI-derived parameters toward the goal of im-
proving diagnostic utility and prediction of pa-
tient outcome and tissue fate should be
investigated.

4. The role of DWI-derived and PWI-derived mea-
sures as therapeutic selection criteria and as mark-
ers of treatment response requires continued
study. These promising approaches toward ex-
panding the treatment indications for acute
stroke will need to be validated.

5. Further investigation is required to establish the
predictive value of DWI-derived lesion volumes
within the first hours from onset and the poten-
tial added value of PWI measures, as well as to
address cost-benefit issues in appropriate medico-
economic studies.
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