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Background: Stroke is one of the most burdensome neurological conditions affecting young 
and older adult populations worldwide, and notably it has remained one of the leading causes 
of disability and premature mortality within its disease category. Timely and accurate 
diagnosis and characterization of stroke with cross-sectional imaging impacts significantly 
on treatment planning and patient outcomes, particularly with the advent of early reperfusion 
therapies. Recently, there has been growing recognition that perfusion-weighted MRI (PW- 
MRI) may offer a significant advantage in diagnosing and characterizing the ischemia 
induced by stroke, as it can detect diffusion–perfusion deficits that may influence treatment 
decisions to prevent infarction. This structured literature review sought to explore the 
diagnostic utility and accuracy of PW-MRI compared to other MRI protocols.
Methods: A literature search was performed using Medline, Embase, and the Cochrane 
Library, with articles limited to the English language and publication in the last 15 years. 
Eligible articles were appraised using the QUADAS-2 framework, and given marked inter-
study heterogeneity, the diagnostic outcomes were analyzed using a narrative approach.
Results: A total of ten studies were reviewed — retrospective and one prospective — and 
found to observe a moderate–high risk of bias. The studies revealed that PW-MRI offers 
beneficial diagnostic capabilities when compared to other MRI sequences and ability to 
detect significant diffusion–perfusion mismatches. However, PW-MRI was found to over-
estimate the degree of oligemia and ischemia in brain tissue. As ischemia does not always 
progress to infarction, thrombolytic treatment may be unnecessary in some cases and expose 
patients to adverse effects.
Conclusion: These findings indicate that PW-MRI should be considered for routine imaging 
as an adjunct to other MRI protocols and an alternative to CT thereby reducing ionizing 
radiation exposure.
Keywords: perfusion–diffusion deficits, cross-sectional diagnostic imaging

Introduction
Stroke is a highly prevalent and disabling neurological condition that predominantly 
affects older persons and is one of the leading causes of permanent morbidity and 
mortality, with life expectancy averaging toward the eighth decade of life.1 On a global 
level, stroke is reported to affect >13 million people annually. The lifetime risk of stroke is 
25%,2 and it is the second-leading cause of premature mortality behind ischemic heart 
disease.3
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Efforts to reduce the burden of stroke have focused 
upon early reperfusion therapies that rely on timely and 
accurate diagnosis, ascertained using cross-sectional ima-
ging. The diagnosis of acute ischemic stroke (AIS) is 
contingent on patient history, clinical examination find-
ings, and radiological evidence of cerebral vascular 
obstruction. Diagnosis in the first few hours of symptom 
onset has been informed by CT, given its ready availability 
and high accuracy in detecting ischemic and hemorrhagic 
change.4 The CT brain scan is one of the most commonly 
requested initial investigations and is the first-line investi-
gation for suspected acute stroke (both hemorrhagic and 
ischemic), because it provides a rapid radiological over-
view of the brain and its surrounding structures. Indeed, 
the evidence demonstrates unequivocally that a CT brain 
scan can confirm or exclude intracranial hemorrhage and 
stroke, and it can be performed in seconds.5 However, CT 
is associated with ionizing radiation, which has known 
stochastic and deterministic effects upon long-term health., 
It also has poor sensitivity in detecting early loss of gray– 
white matter differentiation, which can lead to false- 
negative diagnoses. Unlike MRI, CT is unable to provide 
information about the functional status of ischemic brain 
tissue. For these reasons, MRI has been generally thought 
to be superior to CT for the diagnosis of acute stroke. This 
is because changes in acute ischemic injury can be 
detected earlier with MRI than CT, especially when diffu-
sion-weighted imaging is utilised.6 One 2007 study sought 
to compare CT and MRI for the emergency diagnosis of 
acute stroke: 365 patients (217 of whom were subse-
quently diagnosed with acute stroke) were assessed by 
researchers. MRI detected both AIE and acute hemorrha-
gic stroke more frequently than CT (p<0.0001). In patients 
who were subjected to radiological imaging within 3 hours 
of symptom onset, MRI detected AIE in 46% of patients, 
while CT detected AIE in only 7% of patients. Based on 
these data, researchers determined that MRI had 
a sensitivity of 83% compared to just 26% for CT.6 

There are several reasons for the superiority of MRI to 
CT in terms of detecting acute stroke. MRI can provide 
detailed images of cerebrovascular perfusion, which is 
invaluable for understanding AIS pathophysiology and 
thus — through more informed treatment — improved 
patient outcomes.7 However, the overall accuracy of MRI 
can vary based on the different sequences utilized. This 
can influence decisions on prescribing brain-tissue and 
lifesaving reperfusion therapy.8 Another benefit of MRI 
over CT is that there is an absence of radiation and 

relatively safe contrast that is administered in lower 
doses. One MRI technique, known as arterial spin label-
ing, enables imaging of the brain without administering 
contrast agents. This could be a significant advantage for 
patients with renal impairment or who have allergies to 
contrast agents.9 However, it bears mention that MRI is 
more complex, time-consuming and expensive than CT. 
One of the most promising MRI sequences has been per-
fusion-weighted MRI (PW-MRI).2 This modality can eval-
uate the hemodynamic status of brain tissue and detect 
variances in perfusion that can help identify, characterize, 
and discriminate between the ischemic core and the 
penumbra.10

The use of PW-MRI has recently increased in response 
to advances in reperfusion therapy, and in particular the 
approval of thrombolytic agents, which have been among 
the only treatments to improve AIS outcomes.11 PW-MRI 
allows the visualization blood flow and thus perfusion of 
brain tissue at the microvascular level. It is ideal for 
ascertaining the presence and extent of oligemic, ischemic, 
and infarcted brain tissue. In DSM PW-MRI, the contrast 
administered leads to alterations in the magnetic field over 
time with the dephasing of spins, resulting in signal loss 
during perfusion. By applying a multiphase acquisition, 
the perfusion of the contrast agent can be visualized over 
a temporal-capture phase of 45–90 seconds and viewed as 
perfusion maps.7 Notably, these maps also permit the 
quantification of perfusion parameters, such as relative 
mean transit time and relative cerebral blood flow and 
volume. Numeric measures of perfusion may facilitate 
the characterization of ischemic change that can better 
inform salvageability and treatment in the future.12

However, the short temporal assessment using PW- 
MRI does not provide a reliable measure and predictor 
of the final ischemic and infarctive effects, as perfusion 
during AIS shows marked dynamicity.7 Therefore, using 
PW-MRI alone to inform diagnosis and treatment may 
compromise outcomes, as changes in perfusion over time 
may contraindicate or demand thrombolytic therapy at 
differing periods. Evidence has shown that even minimal 
delays between CT and PW-MRI can demonstrate substan-
tial variance in the extent of ischemia and brain perfusion, 
which can cause clinical uncertainty.13

The use of PW-MRI as complementary imaging to 
conventional MRI protocols has important clinical bene-
fits. For the purpose of this discussion, conventional MRI 
protocols comprise T1-weighted, T2-weighted, fluid- 
attenuated inversion recovery (FLAIR), diffusion- 
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weighted MRI (DW-MRI), and susceptibility-weighted 
MRI. Parsons et al14 showed that information on diffu-
sion–perfusion mismatch attained using PW-MRI resulted 
in greater instigation and success of tPA therapy than 
a historical control cohort who received DW-MRI. 
Treatment with tPA resulted in considerable sparing of 
infarcted brain tissue, with a higher proportion of persons 
failing to progress to infarction. Furthermore, treatment 
resulted in considerably less expansion of infarct size, 
which would have accounted for significant variance in 
patient outcomes. Ryu et al8 conducted a meta-analysis of 
13 trials exploring the utility of PW-MRI for stroke 
patients, and found that it was more effective at informing 
patient suitability for reperfusion treatment than other 
imaging. Patients receiving treatment following PW-MRI 
were twice as likely to achieve a desirable neurological 
outcome at 3 months.

Clinical guidelines recommend that nonenhanced CT 
be used to diagnose AIS should patients be suitable for 
thrombolysis. The acquisition time for CT is significantly 
faster than MRI and thus more applicable to the acute 
environment. However, perfusion imaging using CT or 
an MRI equivalent is essential for those who may be 
candidates for thrombectomy and presenting beyond 6 
hours of symptom onset.15,16 Presently, MRI is reserved 
as a second-line imaging modality to CT for the diagnosis 
of AIS, although MRI offers the benefit of avoiding ioniz-
ing radiation exposure and specific protocols, and it may 
provide superior imaging quality to permit accurate 
diagnosis.4 This systematic literature review employed 
a central research question derived using the recom-
mended PICO framework.17,18 It aimed to critically 

evaluate the diagnostic accuracy, sensitivity, specificity, 
and predictive values of PW-MRI and other MRI protocols 
for the diagnosis of AIS in adults, determine the implica-
tions for clinical practice and guidelines, and identify areas 
for future research.

Methods
A search query was developed and used in databases 
(Medline, the Cochrane Library, Embase, PubMed, and 
Scopus), and journal websites. Search terms were derived 
from the review question and the PICO elements: popula-
tion — adults with AIS, intervention — PW-MRI, compara-
tor — other MRI protocols, and outcomes — diagnostic 
accuracy. To ensure the application of all appropriate terms, 
a scoping review helped identify additional terms that would 
improve searchability.19,20 The final terms were combined in 
a string using Boolean operators with “OR” and “AND.” The 
search strategy (Table 1) precluded the comparator compo-
nent, as its inclusion may have led to excessive search pre-
cision and a high risk of missing pertinent studies.21 Studies 
with a relevant comparator of congruence with the review 
question were identified during study filtering and selection.

Inclusion and Exclusion Criteria
Inclusion criteria were based on the PICO elements and are 
outlined in Table 2. The indices of diagnostic accuracy for-
merly noted were selected as the primary outcomes, given that 
these are widely used to define the accuracy of diagnostic tests 
in the literature, although with a limited number of relevant 
studies, diagnostic utility also had to be considered.22 In addi-
tion, the reports of image interpreters concerning the utility and 
accuracy of MRI protocols were considered, as this can 

Table 1 Search summary

Population Intervention Outcome

Generic Terms Adults with ischemic 
stroke

Perfusion-weighted MRI Diagnostic accuracy

Applied search terms 
(columns combined with “AND”) 

(*truncation)

1. Adult 
2. Ischemic stroke 

3. Ischemic stroke 

4. Stroke

5. Perfusion-weighted magnetic 
resonance imaging 

6. Perfusion-weighted imaging 

7. PW MRI

11. Diagnosis 
12. Diagnostic accuracy 

13. Detection 

14. Characterization 
15. Evaluation 

16. Sensitivity 

17. Specificity 
18. Predictive value

Boolean combinations 1 AND 2 OR 3 OR 
4

5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 
11

11 OR 12 OR 13 OR 14 OR 15 OR 16 
OR 17 OR 18
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provide a realistic and pragmatic perspective of radiological 
tests.23 Notably, the comparator component of diagnostic accu-
racy reviews involving imaging tests would usually seek to 
compare accuracy with the gold-reference standard, which is 
normally histological examination.24 However, histology was 
not apposite. Therefore, the comparator was deemed to be 
non–PW-MRI protocols. The results of study search and selec-
tion are described and presented using the standard PRISMA28 

format in Figure 1.

Quality Assessment
Quality assessment using the QUADAS-2 tool was under-
taken to judge the internal and external validity and gen-
eralizability of the diagnostic accuracy data reported. This 
is a validated and widely used approach to scrutinizing 
research on diagnostic accuracy design.25 QUADAS-2 
details a series of questions designed to elicit bias and 
other methodological issues across several key 
domains.26 In studies where one or more quality questions 
in each domain were rated as yes, no, or unclear, the risk 
of bias was deemed low, high, or unclear respectively.26

Data Extraction and Analysis
Study data were extracted using a rigorous and reliable 
process15 into predefined templates, and these were tran-
scribed into physical and electronic databases to permit inter-
study comparisons. Diagnostic accuracy data from each study 
were described briefly using a tabular method, and the collec-
tive diagnostic accuracy of PW-MRI was calculated by for-
mulating the mean sensitivity, specificity, negative predictive 
value (NPV), and positive predictive value (PPV), among 
other indices. Sensitivity and specificity were calculated as 
a mean of those reported or were calculated from the raw data 
of informing studies using the formule provided in Table 3. 
Similarly, mean NPV and PPV were calculated: NPV = true 

negatives/(false negatives + true negatives); PPV = true posi-
tives/(true positives + false positives).27

Results
Following search and selection, ten studies met the criteria. 
The search results can be seen in Figure 1. The collective 
sample size was 1,184 subjects; however, there was wide 
variance across the included studies. A summary of study 
characteristics can be seen in Table 4. A majority of these 
studies29,30,32–36 did not define the power attained for the 
sample sizes analyzed, and thus those with small 
samples could have been at risk of type II error,39 although 
the lack of reporting makes this inference unclear. In con-
trast, three studies had sample sizes >100 subjects, and thus 
a low risk of type II error was inferred.31,36,37

All the studies explored the diagnostic utility and/or accu-
racy of PW-MRI, although there was interstudy variance in 
terms of the specific technical protocols used to acquire 
images and comparator imaging.29–38 All studies compared 
PW-MRI against the appropriate comparator of DW-MRI, and 
three also compared the protocol with additional MR 
sequences, including MR angiography31,32 and FLAIR. 
Three studies failed to define the specific technical parameters 
used to acquire PW-MRI and DW-MRI, and thus it was not 
possible to compare the diagnostic utility/accuracy of these 
protocols with other studies in this review.33,35,36, All studies 
utilized contrast-enhanced MRI with a magnetic field strength 
of 1.5 T, although one study included a mix of MR scans taken 
at 1.5 and 3.0 T, which may have implications for the diag-
nostic utility.36 There was varied reporting of the diagnostic 
utility and accuracy of PW-MRI and other MR protocols. The 
specific outcomes reported included sensitivity, specificity 
and/or interobserver variability,30,33,36,37, degree of perfu-
sion–diffusion mismatching,31–35,38, lesion size or extent,29,35 

and treatment suitability and clinical outcomes.31,32,34–36

Table 2 Inclusion and exclusion criteria

Inclusion criteria • Articles written in English; 

• Research published between 2005–2020; 
• Primary studies of diagnostic accuracy design; 

• Adults aged ≥18 years with ischemic stroke; 

• Quantitative studies comparing the diagnostic accuracy of Perfusion-weighted MRI with other MRI protocols; 
• Outcome measures of diagnostic utility and accuracy and reports of image interpreters.

Exclusion criteria • Non-English language publications; 
• Any research undertaken before 2005; 

• Systematic or other reviews; 

• Children aged <18 years or adults with diagnoses other than ischemic stroke.
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QUADAS-2 Quality Assessment
Outcomes from the quality assessment are detailed in 
Table 5. Overall, the risk of bias was deemed high, and 
concern over applicability was also high. This is not unex-
pected, given that all studies employed retrospective 

methodologies. A major contributor to these findings was 
the use of DW-MRI as a reference test. No histological gold 
standard is readily available, and thus the risk of reference- 
misclassification bias40 was deemed high, given that DW- 
MRI is not completely sensitive and specific for IE.

Figure 1 PRISMA flowchart. 
Notes: PRISMA figure adapted from Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS 
Med. 2009;6(7):e1000097. Creative Commons.28
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Diagnostic Utility and Accuracy of PW-MRI
Reporting of the diagnostic utility and accuracy of PW- 
MRI varied across studies, due to the various measures 

that were employed to ascertain the diagnosis of IE and/or 
characterize the extent of ischemia. Four studies reported 
on the usual accepted measures of diagnostic accuracy, 
which include sensitivity and specificity.30,33,36,37 Butcher 
et al30 found PW-MRI sensitivity of 78% and specificity of 
88% for eliciting perfusion–diffusion mismatches by 
volume, as well as high interrater reliability, with 
#x1D705; scores >0.94 for experienced radiologists. 
However, agreement was much lower among inexper-
ienced radiologists (#x1D705;=0.28–0.49). Despite this, 
PW-MRI was significantly better at detecting perfusion– 
diffusion mismatching than DW-MRI (p<0.001). 

Table 3 Calculation of sensitivity and specificity26

Disease Present Disease Absent

Test positive a (TP) b (FP)
Test negative c (FN) d (TN)

Sensitivity: Specificity:

a/(a+c) d/(b+d)

Abbreviations: TP, true positive; FP, false positive; FN, false negative; TN, true 
negative.

Table 4 Summary of study characteristics

Sample 
size

Participants Index MRI Comparator MRI

Kucinski 

et al29 (US)

n=19 Patients with symptoms of acute ischemic stroke 

within the carotid-artery area presenting within 6 
hours of symptom onset

Perfusion-weighted 

Gradient echo-planar 
Slice thickness 6–7 mm

Diffusion-weighted (echo-planar)

Butcher 
et al30 

(Australia)

n=35 Adults with symptoms of stroke and presenting 
within 6 hours of onset

Perfusion-weighted 
Slice thickness 5–6 mm

Diffusion-weighted (echo-planar) 
Slice thickness 5–6 mm

Cho et al31 

(Denmark)

n=109 Patients receiving MRI and tissue plasminogen– 

activator therapy within 6 hours of ischemic stroke 

onset

Perfusion-weighted 

Echo-planar

Diffusion-weighted (echo-planar) and 

MR angiography

Copen 

et al32 (US)

n=77 Patients receiving MRI for stroke with evidence of 

anterior circulation infarction

Perfusion-weighted 

Echo-planar

Diffusion-weighted (echo-planar)

Straka 

et al33 (US)

n=63 Patients with acute stroke and receiving rapid 

processing of perfusion and diffusion (RAPID) 
assessments via MRI

Perfusion-weighted 

(DSC), but technical 
details not reported

Diffusion-weighted, but technical 

details not reported

Luby et al34 

(US)
n=70 Patients with stroke symptoms receiving tissue 

plasminogen–activator therapy within 3 hours of 

symptom onset

Perfusion-weighted 
Gradient echo-planar 

Slice thickness 7 mm

Diffusion-weighted (echo-planar) 
Slice thickness 7 mm

Motta 

et al35 (US)

n=38 Patients with a clinical diagnosis of anterior 

circulation stroke and imaging within 24 hours of 

symptom onset

Perfusion-weighted, but 

technical details not 

reported

Diffusion-weighted, but technical 

details not reported

Simonsen 

et al36 (US)

n=559 Patients with symptoms of acute stroke and 

received MRI imaging

Perfusion-weighted 

(DSC), but technical 
details not reported

Diffusion-weighted and fluid- 

attenuated inversion recovery, but 
technical details not reported

Wolman 
et al37 (US)

n=146 Patients who underwent MRI for assessment of 
acute cerebral ischemia

Perfusion-weighted 
Echo-planar

Diffusion-weighted (echo-planar) and 
MR angiography

Hakimelahi 
et al38 (US)

n=68 Patients taken from the data set of Copen et al 
(2009)

Perfusion-weighted 
Gradient echo-planar 

Slice thickness 5 mm

Diffusion-weighted (echo-planar) 
Slice thickness 5 mm

Total n=1,184
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Simonsen et al36 found that the sensitivity and specificity 
of DW-MRI for diagnostic IE were 92% and 75%, respec-
tively; however, complementing the protocol with PW- 
MRI increased sensitivity further to 97.5%. They also 
explored the effect of combined MRI scanning upon clin-
ical outcomes, albeit indirectly, where one patient had 
a negative DW-MRI scan but a positive PW-MRI scan, 
and this resulted in a large infarction and a poor neurolo-
gical outcome. Notably, the poor specificity of DW-MRI 
was largely observed for persons with posterior circulation 
strokes, which was significantly likely to be the location of 
ischemia when imaging was negative (p=0.0019). Straka 
et al33 also explored the utility of combined diffusion– 
perfusion MRI using an automated RAPID protocol to 
calculate diffusion–perfusion mismatching. DW-MRI 
showed a slightly greater correlation than PW-MRI for 
acute stroke (0.99 vs 0.96), although the difference was 
not significant. Overall, the sensitivity and specificity of 
combined imaging was 100% and 91%, respectively, 
which is similar to accuracy reported previously. 
Wolman et al37 even showed that DW-MRI and PW-MRI 
provided comparable sensitivity (95.9%) and specificity 
(98.4%) for the accurate triage of patients with IE to 
endovascular therapy, and notably this imaging approach 

was associated with successful recanalization of the 
obstructed cerebral vasculature in 96% of cases.

Several of the other studies also reported upon the 
ability of PW-MRI to characterize perfusion–diffusion 
mismatches. Cho et al31 showed that among 52 patients 
with anterior circulation stroke, three had negative DW- 
MRI scans but marked perfusion abnormalities on PW- 
MRI, which represents a 100% mismatch and indicates the 
marked clinical utility of perfusion imaging. Similarly, 
Hakimelahi et al38 revealed a complete 100% diffusion– 
perfusion mismatch between the MRI protocols in 49 of 
68 patients with lesion volumes <70 mL (p<0.001) in 
a retrospective cohort and 35 of 48 in a prospective cohort 
(p<0.001). An earlier study revealed that PW-MRI pro-
vided vital detail of regions of low perfusion and oligemia, 
and thus areas that were at risk of infarction could be 
potentially spared using thrombolytic therapy. Such areas 
of ischemic compromise were not evident when using 
DW-MRI, suggesting that this protocol would lead to 
underdiagnosis and undertreatment of some cases, particu-
larly as diffusion–perfusion mismatch persisted >9 hours 
in 84% of cases. In one case, PW-MRI was able to elicit 
a 340% mismatch at almost 6 hours postonset of stroke 
symptoms, where DW-MRI would have missed the extent 

Table 5 Summary of risk of bias using QUADAS-2

Study Quality of evidence Patient selection Index tests Reference standard Patient flow and timing

Butcher et al30 Risk of bias High High High High
Applicability Low Low High —

Cho et al31 Risk of bias High High High High
Applicability Low Low High —

Copen et al32 Risk of bias Low High High High
Applicability Low Low High —

Hakimelahi et al38 Risk of bias Low Unclear High High
Applicability Low Low High —

Kucinski et al29 Risk of bias High High High High
Applicability Low Low High —

Luby et al34 Risk of bias High Unclear High High
Applicability Low Low High —

Motta et al35 Risk of bias High High High High
Applicability Low Low High —

Simonsen et al36 Risk of bias Low Unclear High High
Applicability Low Low High —

Straka et al33 Risk of bias Unclear High High High
Applicability Low Low High —

Reports in Medical Imaging 2021:14                                                                                                https://doi.org/10.2147/RMI.S331876                                                                                                                                                                                                                       

DovePress                                                                                                                          
85

Dovepress                                                                                                                                                           Jaafari et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of ischemic tissue. Overall, PW-MRI was able to identify 
20%–50% of mismatches, even when DW-MRI observed 
areas of cerebral hypoperfusion.

While PW-MRI has been consistently supported as 
a highly useful imaging modality for IE, the findings of 
Kucinski et al29 demonstrated the contrary, wherein this 
protocol was associated with overestimating the extent of 
hypoperfused brain tissue at risk of infarction. They 
found that the mean volume of cerebral blood that did 
not progress to infarction was 148 mL, but the sensitivity 
for predicting infarctive death was only 56%. Similarly, 
Motta et al35 showed that the degree of perfusion observed 
on PW-MRI did not always correlate with cognitive defi-
cits in patients and that persistent hypoperfused areas of 
the brain did not always progress to ischemia and infarc-
tion, suggesting that the protocol is prone to overdiagnosis 
or overcharacterization of IE. However, the utility of PW- 
MRI for providing a measure of reliability for mismatch-
ing pre- and postthrombolytic therapy has been demon-
strated to be desirable by Luby et al,34 who found 
sensitivity, specificity, and PPV of 82%, 80%, and 81%, 
respectively.

Discussion
The QUADAS-2 assessment revealed that 60% of the 10 
studies had a high risk of bias for patient selection and 
index-test domains and 100% had a high risk of bias for 
the reference standard domain and patient flow and timing. 
Through this process of narrative description, the results 
revealed that in most cases, PW-MRI offered superior 
diagnostic capability to DW-MRI and MR angiography, 
with sensitivity as high as 100% and ability to detect 
significant diffusion–perfusion mismatches, which can sig-
nificantly influence changes to management and in turn 
neurological outcomes. However, it was identified that 
PW-MRI may overestimate the degree of oligemia and 
ischemia in brain tissue, and indeed temporal observations 
showed that such aberrations did not always progress to 
overt infarction. As such, treatment in such cases would be 
unwarranted and expose patients to unnecessary effects. 
Despite this, it was demonstrated that PW-MRI substan-
tially benefited care for a select number of cases, eg, better 
characterization of posterior circulation strokes, a limiting 
factor of DW-MRI. It also demonstrated consistency in 
detecting 20%–50% of mismatches, and in a proportion 
of cases mismatches in the order of 340%.

In view of the diagnostic accuracy of PW-MRI where 
high sensitivity for AIS (97.5%) was observed, the 

likelihood of correct diagnosis or classification of stroke, 
even when changes in brain tissue are markedly subtle, is 
high and the risk of false negatives low. However, the 
literature demonstrated that sensitivity varied somewhat, 
being as low as 78% for detecting perfusion–diffusion 
mismatches.32 Also, the small sample of this study may 
have resulted in an underestimation of the true accuracy of 
PW-MRI. Overall, PW-MRI showed specificity of 75%– 
88%. This appears to be largely due to difficulties in 
discriminating AIS from stroke mimics, eg, migraine and 
alcohol intoxication.36 Unfortunately, this detection and 
interpretation of perfusion–diffusion mismatches led to 
treatment of stroke mimics with unnecessary thrombolytic 
therapy only recognized following more stringent review 
of the clinical and image data. This problem may be 
difficult to overcome in practice, particularly given the 
narrow window of opportunity to instigate brain-sparing 
stroke therapy and clinical decision-making that likely 
favors treatment for AIS, even when a possibility of 
a stroke mimic exists, as a lack of treatment could be 
disabling or fatal in actual AIS cases.

Evidence to support the diagnostic accuracy indices of 
PW-MRI for AIS was limited by the lack of wider research 
reporting upon these outcome measures. Despite this, 
a recent meta-analysis of the accuracy of conventional 
MRI showed that it had similar sensitivity and specificity 
to that reported for PW-MRI here, but values that were 
superior to CT.41 These observations have also been sup-
ported in another meta-analysis of the accuracy of CT and 
MRI for AIS.42 Previous evidence has supported the 
superior ability of PW-MRI in characterizing diffusion– 
perfusion mismatches when compared to DW-MRI 
findings.10,43,44 Notably, such diffusion–perfusion deficits 
can persist >9 hours, exceeding the guideline- 
recommended treatment threshold by twofold. Therefore, 
for patients presenting with late-onset AIS, PW-MRI may 
offer diagnostic information that could signal suitability 
for reperfusion therapy.11 Copen et al11 believed that the 
ambiguity of AIS symptoms and thus time of presentation 
to clinicians was due to interpatient differences in the 
extent of collateral cerebral circulation. Those with exten-
sive collateral supply and thus a large diffusion–perfusion 
deficits are likely to experience milder neurological defi-
cits, while those with poorer collateral flow and thus small 
diffusion–perfusion deficits are likely to show more sig-
nificant neurological impairment. As such, the former is 
likely to present late and the latter likely to present sooner 
after AIS onset. However, in either case, the ability of PW- 
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MRI to more accurately characterize mismatches in diffu-
sion and perfusion appears to represent the ideal imaging 
modality for informing AIS treatment.

In the hyperacute phases of AIS, imaging using CT is 
the first-line modality for imaging the brain, given the 
ready availability of scanners and fast acquisition times, 
which are desirable to inform reperfusion therapy, given 
that delays in treatment progressively increase the risk of 
poorer outcomes.45 However, some studies have shown 
that while conducting MRI can take additional time, the 
neurological outcomes of patients who subsequently 
receive reperfusion therapy are similar.46–49 The use of 
MRI has been shown to be associated with 
a significantly reduced rate of symptomatic stroke 
posttherapy,47 suggesting that the risks of delayed treat-
ment do not outweigh the benefit of attaining additional 
imaging information to directly inform therapy. The 
National Clinical Guidelines for Stroke50 recommend that 
reperfusion therapy be commenced as soon as possible 
after the ascertainment of AIS, but within 3–4.5 hours of 
symptom onset, and thus opting to utilize MRI instead of 
CT for the purposes of informing therapy is a reasonable 
and achievable option.50

The findings of this review suggest that the use of PW- 
MRI should supersede that of DW-MRI, as this is likely to 
better inform therapeutic decision-making and in turn patient 
outcomes. The primary reason for the benefit of PW-MRI is 
its superior ability to characterize diffusion–perfusion mis-
matches. According to the mismatch hypothesis, the differ-
ence in diffusion and perfusion of blood to an area of brain 
tissue provides vital information concerning the reversibility 
of ischemia and thus the window of opportunity to intervene 
and optimize the likelihood of preventing irreversible infarc-
tive damage.51 Indeed, the landmark DEFUSE and 
EPITHET trials52,53 showed that the profiling of diffusion– 
perfusion mismatching in patients with AIS and the instiga-
tion of early reperfusion therapy in these individuals resulted 
in significantly more favorable outcomes than in patients 
who did not receive PW-MRI to provide information about 
mismatching (p<0.01).

The findings of this review and other studies evaluating 
the modality in isolation54 indicate that DW-MRI is asso-
ciated with a considerable false-negative rate. Specifically, 
this review showed that PW-MRI can increase the sensi-
tivity of DW-MRI from 90% to 100%, and thus this 
reflects a 10% lower risk of false-negative diagnosis. At 
present, however, PW-MRI is not considered a routine 
MRI protocol, and thus DW-MRI remains the first-line 

approach. Where DW-MRI is negative, PW-MRI is 
employed to improve certainty in the exclusion or confir-
mation of stroke.50,55

Most studies in this review utilized magnetic field 
strengths of 1.5 T, with only Simonsen et al38 using 
a mix of 1.5 and 3.0 T. Rosso et al56 confirmed that 1.5 
T offers greater sensitivity for stroke than 3.0 Tesla (99.1% 
v. 92.5%), as well as conferring a lower false-negative rate 
(0.6% vs 6.1%). As the magnetic field strength was the 
only considerable technical variant among the MRI proto-
cols of studies included in this review, any recommenda-
tions for PW-MRI should consider the use of 1.5 T, 
although this requires evaluation in future research. 
However, the diagnostic utility of PW-MRI can also be 
affected by other limitations, including subjectivity and 
related bias regarding the interpretation of perfusion 
maps and the various techniques that can be used to gen-
erate quantitative measures of perfusion status, which have 
been known to confer significant variance in ischemia 
volume in some cases.12 PW-MRI can result in overesti-
mation of diffusion–perfusion mismatches, albeit to 
a lesser extent than DW-MRI, though in other cases the 
extent of tissue at risk of infarction may be 
underestimated.9 Efforts to try and resolve this problem 
have focused upon defining thresholds of mismatching, but 
this has been compromised, due to interpatient variance 
and the course of AIS, which means that it is unlikely that 
universal thresholds for mismatching to inform treatment 
will emerge in future.30 As such, the images provided by 
PW-MRI for patients with AIS will probably have to be 
considered on a case-by-case basis if treatment decision- 
making is to be safely and optimally informed.

Overcoming the specific limitations of different MRI 
protocols may however be achieved through utilizing mul-
timodal MRI strategies that comprise the simultaneous 
acquisition of DW, PW, gradient-echo, angiography, and 
FLAIR MRI, as has been suggested by Kim et al.25 

Although there may be some concern that acquisition 
times of multimodal MRI may narrow the window of 
opportunity to instigate reperfusion therapy suggested in 
clinical guidelines, there is now sufficient evidence that 
MRI protocols can be acquired within a reasonable period 
that is not excessively disparate to CT. For some patients, 
MRI or gadolinium contrast agents are contraindicated, ie, 
those with metal implants or severe renal problems, but for 
those who are suitable, this could extend the treatment 
eligibility for patients with AIS, and in turn lead to 
improvements in neurological outcomes.25,57
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Conclusion
This study revealed that PW-MRI offered beneficial diag-
nostic capability for diagnosing AIS compared to DW-MRI 
and MR angiography for AIS. Given that PW-MRI tends to 
provide superior accuracy for diagnosing and characterizing 
AIS, it is recommended that this protocol be used in place of 
or as an adjunct to DW-MRI. PW-MRI permits the calcula-
tion of diffusion–perfusion mismatches, which is essential 
for detecting penumbre and in turn predicting regions of 
brain ischemia at risk of infarction. This is fundamental to 
informing both acute and delayed reperfusion therapy. 
Current guidelines should seek to incorporate recommenda-
tions on the utility of PW-MRI for patients presenting with 
signs or symptoms of AIS within and beyond the 4.5-hour 
threshold for thrombolytic or thrombectomy treatment.

MRI in hyperacute and acute IS has been shown to have 
comparable diagnostic accuracy, and unlike CT or standard 
MRI protocols alone, is able to provide clinicians with 
additional data on the functional status of ischemic brain 
tissue to better inform their treatment plans and thus posi-
tively impact patient outcomes. In patients presenting early 
with AIS, standard MRI with PW-MRI should be considered 
a first-line imaging modality, as greater characterization of 
brain oligemia and ischemia may lead to more appropriate 
decision-making regarding reperfusion therapy.
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