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ABSTRACT

SUMMARY: Stroke is a leading cause of death and disability worldwide. Imaging plays a critical role in evaluating patients suspected of
acute stroke and transient ischemic attack, especially before initiating treatment. Over the past few decades, major advances have
occurred in stroke imaging and treatment, including Food and Drug Administration approval of recanalization therapies for the treatment
of acute ischemic stroke. A wide variety of imaging techniques has become available to assess vascular lesions and brain tissue status in
acute stroke patients. However, the practical challenge for physicians is to understand the multiple facets of these imaging techniques,
including which imaging techniques to implement and how to optimally use them, given available resources at their local institution.
Important considerations include constraints of time, cost, access to imaging modalities, preferences of treating physicians, availability of
expertise, and availability of endovascular therapy. The choice of which imaging techniques to employ is impacted by both the time
urgency for evaluation of patients and the complexity of the literature on acute stroke imaging. Ideally, imaging algorithms should
incorporate techniques that provide optimal benefit for improved patient outcomes without delaying treatment.

Stroke is a leading cause of death and disability worldwide.

Imaging plays a critical role in evaluating patients suspected of

acute stroke and transient ischemic attack (TIA), especially before

initiating treatment. Over the past few decades, major advances

have occurred in stroke imaging and treatment, including Food

and Drug Administration approval of recanalization therapies for

treatment of acute ischemic stroke. The primary goal of imaging

patients with acute stroke symptoms is to distinguish between

hemorrhagic and ischemic stroke. In ischemic stroke patients,

secondary goals of imaging before initiating revascularization in-

terventions with intravenous thrombolysis or endovascular ther-

apies include identification of the location and extent of intravas-

cular clot as well as the presence and extent of “ischemic core”

(irreversibly damaged tissue) and “penumbra” (hypoperfused tis-

sue at risk for infarction).1-3 In addition, early identification of the

stroke etiology or mechanism (eg, carotid atherosclerotic disease,

vascular dissection, or other treatable structural causes) is critical

to treatment decisions and long-term management.

A wide variety of imaging techniques has become available

to assess vascular lesions and brain tissue status in acute stroke

patients. However, the practical challenge for physicians is to

understand the multiple facets of these imaging techniques,

including which imaging techniques to implement and how to

optimally use them, given available resources at their local in-

stitution. Important considerations include constraints of

time, cost, access to imaging modalities, preferences of treating

physicians, availability of expertise, and availability of endo-

vascular therapy. The choice of which imaging techniques to
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employ is impacted by both the time urgency for evaluation of

patients and the complexity of the literature on acute stroke

imaging. Ideally, imaging algorithms should incorporate tech-

niques that provide optimal benefit for improved patient out-

comes without delaying treatment. Therefore, it is most prac-

tical and efficient to use a standardized imaging approach, with

all relevant imaging studies conducted in as few sessions as

possible (Fig 1).

We performed a review of the evidence in the literature on the

utility of various imaging techniques in acute stroke and TIA pa-

tients to establish best practices with standardization of imaging

protocols. We indicated the quality of publications for diagnostic

tests and interventions by assigning levels of evidence (Tables 1

and 2). These levels of evidence are based on the Oxford Centre

for Evidence-based Medicine�Levels of Evidence.3a The goal of

this article is to present practical imaging recommendations for

patients presenting with acute stroke and TIA across different

practice settings and to provide the rationale and evidence sup-

porting their use. These recommendations are in agreement with

the American College of Radiology Appropriateness Criteria.4 We

recognize that stroke imaging is a rapidly evolving field and that a

number of the recommendations presented are the topic of con-

tinued investigation.

Rationale and Imaging Evidence for Patients Presenting
with Acute Stroke Symptoms
The initial step in the evaluation of patients with symptoms of

acute stroke is to differentiate between hemorrhagic and ischemic

stroke (Fig 1). For patients with acute ischemic stroke who are

candidates for IV tissue plasminogen activator, a noncontrast CT

of the head should be obtained to determine eligibility for treat-

ment. IV tPA can then usually be initiated without waiting for

further imaging. In patients under consideration for endovascular

therapy, 3 imaging options may be used: 1) NCCT followed im-

mediately by digital subtraction angiography for vascular assess-

ment, 2) NCCT � CT angiography � perfusion CT (PCT), or 3)

FIG 1. Suggested imaging protocols for patients presenting with acute stroke symptoms based on the clinical scenario and the therapeutic
options considered and available. Each of the gray boxes represents 1 imaging strategy. In order not to delay treatment, a standardized imaging
approach should be used: One imaging strategy (gray box) should be selected, and all imaging studies belonging to this strategy should be
performed upfront in as few sessions as possible:

1) To assess the etiology of the intracranial hemorrhage (CTA for vascular pathologies, such as aneurysms, arteriovenous malformations,
vasculopathies; MR imaging for vascular malformations, neoplastic and other pathologies associated with hemorrhage).

2) Also if the patient is not a candidate for IV tPA (contraindication to tPA, outside the time window for tPA) or if IV tPA failed or it is thought
that it may fail.

3) For patients who are outside the time window for acute reperfusion therapies (�4.5 hours at sites where only IV tPA is being considered;
�8 hours at sites where endovascular therapy is considered) and for patients with TIAs, emphasis is on secondary prevention and their imaging
work-up should be focused on vascular imaging (CTA, MRA or Doppler-ultrasound [DUS]) to assess carotid arteries as a possible cause of the
ischemic stroke, with secondary prevention in mind. If MRA is obtained, it makes sense to concurrently obtain MR imaging with DWI, FLAIR, and
GRE/SWI. Echocardiography should also be obtained to assess for cardiac sources.

4) If available, MR imaging/MRA is the preferred imaging technique for TIA patients.
5) At institutions where MR imaging is available 24/7 and can be performed within a short time after admission.

A) To assess for intracranial hemorrhage.
B) To assess the extent of ischemic core.
C) To assess the location and extent of the intravascular clot.
D) To assess carotid atherosclerotic disease.
E) To assess the extent of viable tissue.
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MR imaging (�PWI/ASL) � MR angiography at institutions that

can offer MR imaging 24/7 without delaying treatment. In pa-

tients who are not candidates for IV or endovascular therapy and

in patients with TIA, vascular imaging is recommended to guide

management for secondary prevention of future stroke.

Imaging Evidence for Assessing Intracranial Hemorrhage
NCCT is the accepted standard-of-care imaging technique for

exclusion of intracranial hemorrhage and has been incorporated

in the inclusion criteria in randomized clinical trials evaluating

the efficacy of IV thrombolysis.4,5 NCCT is often referred to as the

“reference standard” for detection of acute intracranial hemor-

rhage based on reports describing its accuracy with early CT scan-

ners.6,7 However, there are no recent studies that have used a true

reference standard, such as surgical or pathologic confirmation,

to support level I evidence. Therefore, the sensitivity and specific-

ity of NCCT in detecting intracranial hemorrhage are unknown.

The many advantages of NCCT in the emergent setting, as well as

the proved benefit of IV thrombolysis in patients selected by

NCCT,4,5 have led to its continued widespread use in acute stroke

imaging (Table 3).

MR imaging T2*-weighted sequences have been studied for

detection of acute and chronic hemorrhage in acute stroke

patients. The accuracy of MR imaging techniques for detection

of intracranial hemorrhage in the acute stroke setting (within 6

hours) has been reported as likely equivalent to NCCT (level

Ib).8,9 Additionally, T2*-weighted sequences (including gradi-

ent-recalled echo [GRE] and susceptibility-weighted imaging

sequences) have superior accuracy in the detection of chronic

microhemorrhages.9-11 In 1 large study as well as a meta-anal-

ysis, there was no statistically significant increased risk of

symptomatic hemorrhage when patients with a small number

of chronic microhemorrhages (�5) were treated with IV

thrombolysis (level Ia).12,13 However, the risk of symptomatic

hemorrhage in patients with numerous chronic microhemor-

rhages undergoing treatment with IV thrombolysis is un-

known. It is important to recognize that the pivotal CT-based

trials proving a benefit for IV tPA likely included patients with

multiple microhemorrhages.

If intraparenchymal hemorrhage is present, as in 15% of all

strokes, the imaging evaluation in the acute phase may include

CTA of the intracranial arteries for evaluation of an underlying

vascular malformation.14-16 CTA may demonstrate a “spot sign,”

Table 1: Levels of evidence for studies of the accuracy of
diagnostic testsa

Levels of
Evidence Type of Evidence

Ia Systematic review (with homogeneity)b of level 1
studiesc

Ib Level 1 studiesc

II Level 2 studiesd

Systematic reviews of level 2 studies
III Level 3 studiese

Systematic reviews of level 3 studies
IV Consensus, expert committee reports or opinions,

and/or clinical experience without explicit
critical appraisal; or based on physiology, bench
research, or “first principles”

a Adapted from Reference 3a.
b “Homogeneity” means there are no or minor variations in the directions and de-
grees of results between individual studies that are included in the systematic review.
c Level 1 studies are studies:

● that use a blind comparison of the test with a validated reference standard
● in a sample of patients that reflects the population to whom the test would

apply.
d Level 2 studies are studies that have only 1 of the following:

● narrow population (the sample does not reflect the population to whom the test
would apply).

● use a poor reference standard (defined as that where the “test” is included in the
“reference,” or where the “testing” affects the “reference”).

● the comparison between the test and reference standard is not blind.
● case– control studies.

e Level 3 studies are studies that have at least 2 or 3 of the features listed above.

Table 2: Levels of evidence for intervention studiesa

Levels of Evidence Type of Evidence
1a High-quality meta-analyses, systematic reviews of RCTs, or RCTs with a very low risk of bias
1b Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias
1c Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of biasb

2a High-quality systematic reviews of case–control or cohort studies; high-quality case–control or cohort studies
with a very low risk of confounding, bias, or chance and a high probability that the relationship is causal

2b Well-conducted case–control or cohort studies with a low risk of confounding, bias, or chance and a moderate
probability that the relationship is causal

3 Case–control or cohort studies with a high risk of confounding bias or chance and a significant risk that the
relationship is not causalb

4 Nonanalytic studies (for example, case reports, case series)
5 Expert opinion, formal consensus

Note:—RCT indicates randomized controlled trial.
a Adapted from Reference 3a.
b Studies with a level of evidence indicated by—should not be used as a basis for making a recommendation.

Table 3: Advantages and limitations of CT and MR imaging
Imaging Characteristics CT MRI

Availability in the acute setting (0–6 hours) �� �
Rapid image acquisition �� �
Lack of vulnerability to motion artifacts � �
Accessibility for patients with monitors

and/or ventilators
�� �

Feasibility and safety for patients with metallic implants
(pacemakers, implantable defibrillators)

�� �

Lower cost � �
Lack of ionizing radiation � ��
Renal toxicity associated with contrast administration � �
Time for postprocessing angiography and perfusion

imaging
� �

Sensitivity to lacunar and posterior fossa infarcts � ��
Differentiation between acute and chronic ischemia � ��
Ability to assess causes of ICH or SAH while in the

scanner
� �

Detection of chronic hemorrhage including microbleeds � �

Note:—ICH indicates intracranial hemorrhage.
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indicative of active bleeding, predictive of hematoma expansion,

and strongly associated with poor outcomes.17-20 An MR imaging

without and with contrast is sometimes obtained to assess for an

underlying neoplastic or vascular mass, or associated microhem-

orrhages that may suggest amyloid angiopathy, multiple cavern-

ous malformations, or septic emboli among other etiologies. In

the acute phase, sensitivity of MR imaging may be limited by mass

effect from the hematoma and the complex MR imaging signal of

blood products that may obscure subtle enhancing lesions; its

sensitivity is improved in the subacute phase once the hematoma

has been resorbed.14-16 Please note that the imaging evaluation of

patients with aneurysmal subarachnoid hemorrhage is beyond

the scope of this article.

Rationale and Imaging Evidence for Acute Ischemic
Stroke Patients Who Are Candidates for IV Thrombolysis
Treatment options are considered for patients with acute isch-

emic stroke without intracranial hemorrhage present on imaging.

FDA guidelines for administration of IV thrombolysis include

imaging to exclude intracranial hemorrhage and its interpretation

by a physician with appropriate expertise, while the completion of

this initial imaging within 45 minutes of the patient admission to

the emergency department is a Centers for Medicare and Medic-

aid Services Quality Reporting measure.21-23 There is strong evi-

dence supporting the use of IV tPA as a recanalization therapy to

improve clinical outcomes during the 0- to 3-hour time window

(level 1a)24-26 and during the 3- to 4.5-hour time window (level

1b).27-29 This benefit is despite an increased risk of symptomatic

intracranial hemorrhage after infusion. Overall, there is strong

evidence (level Ia) supporting the timely use of imaging of the

brain to exclude hemorrhage in patients with the clinical diagno-

sis of stroke and before initiating IV thrombolytic therapy.4,24 The

primary goals of imaging during the 0- to 4.5-hour time window

are to exclude the presence of intracranial hemorrhage and assess

the presence and extent of ischemic changes. The presence of

intracranial hemorrhage (excluding microbleeds) is an absolute

contraindication to administering IV thrombolytic therapy. Early

signs of ischemia involving more than one-third of the middle

cerebral artery territory in the 0- to 6-hour time window have

been associated with large infarcted regions, increased risk of

hemorrhagic transformation, and poor outcomes and thus con-

stitute a relative contraindication to IV thrombolysis.26,30,31

Imaging in patients who are potential candidates for IV

thrombolysis should not delay administration of IV thrombolysis,

as “time is brain.”22 Therefore, IV tPA decisions should be made

immediately after the NCCT is completed. At institutions that

offer endovascular treatment to IV tPA– eligible patients with

large-artery occlusion (likely tPA failures), additional imaging

can be performed while IV tPA is prepared/administered, to not

delay treatment. From a logistics perspective, institutions should

develop a standardized imaging algorithm based on their capabil-

ities and interpretation of current evidence. This imaging proto-

col should be adhered to for all eligible patients to expedite the

process and minimize delays in treatment. For instance, if NCCT,

CTA, and MR imaging constitute the imaging algorithm selected

by an institution to evaluate for potential endovascular candi-

dates, NCCT and CTA should be obtained in 1 imaging session to

minimize imaging time. At institutions performing it regularly,

the entire multimodal CT evaluation does not delay patient care.

Specifically, it does not delay IV thrombolysis, which can be per-

formed directly in the CT scanner once the NCCT is completed

and while the CTA and/or PCT are being obtained (level 2b).32-35

Few institutions are able to perform MR imaging studies in the

acute setting. Such MR imaging studies are usually performed

after the NCCT has been completed (or used as a replacement for

it) and are often obtained during or following IV tPA

administration.

Imaging Evidence for Detection of Ischemia
NCCT is also used to assess for early signs of infarction, including

loss of gray-white differentiation, sulcal effacement, and hyperat-

tenuated clot in the proximal vessels.30,36 NCCT has been re-

ported to have low sensitivity (39%) and high specificity (100%)

for detection of ischemic changes (level Ia).30,37 However, the

significance of these early signs detected on NCCT has been de-

bated. In the European Cooperative Acute Stroke Studies

(ECASS), large infarctions with early swelling had an increased

incidence of hemorrhage and poor outcome following thrombo-

lytic therapy.30,37 Conversely, the National Institute of Neuro-

logic Disorders and Stroke rtPA Stroke Trial reported that exten-

sive early signs of infarction on NCCT were associated with stroke

severity but not with adverse outcome after thrombolysis.36 How-

ever, more recent studies have disagreed and recommended cri-

teria for withholding IV thrombolytic therapy in the 0- to 3-hour

time window for definite signs of ischemia involving more than

one-third of the MCA territory.38

Detection of early signs of ischemia on NCCT varies among

experienced observers,39-41 depending on the size of the infarc-

tion, the time between symptom onset and imaging, and the CT

window and level settings used. A more objective approach to

define the extent of early ischemic changes has been described in

the Alberta Stroke Program Early CT Score (ASPECTS), which is

a 10-point scoring system of the MCA territory.42-44 Although

ASPECTS showed superior interobserver agreement, it only mod-

estly improved accuracy for predicting functional outcome and

performed the same as the one-third MCA rule for predicting

symptomatic hemorrhage.42 Specifically, an ASPECTS score �7

has been shown to predict poor functional outcome with 78%

sensitivity and 96% specificity and symptomatic hemorrhage with

90% sensitivity and 62% specificity.23

Of note, the source images from CTA (CTA-SI) have been

shown to have increased sensitivity relative to NCCT for detecting

ischemic changes, except for infarcts that are small or in the pos-

terior fossa (level II),45,46 though with current technology (rapid

CT acquisition), they tend to overestimate the size of the infarct.47

Importantly, CTA-SI maps are strongly dependent on the precise

timing of the imaging, which may differ between centers and be-

tween individual patients.

MR diffusion-weighted imaging is more sensitive for detecting

ischemic changes compared with NCCT (level Ia).48-53 Its sensi-

tivity in detecting ischemia is reported as 99% with a high speci-

ficity of 92%.48,50,53-59 In anterior circulation strokes, the DWI

lesion volume correlates well with baseline clinical stroke severity,

final infarct volume, and clinical outcome (level II).60-62 Al-
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though strong evidence suggests that MR imaging is superior to

NCCT for confirming stroke within the first 24 hours (level Ia),53

logistical issues related to performing MR imaging in the emer-

gent setting, as well as the proved benefit of CT-based selection in

randomized controlled trials, limit the use of MR imaging in the

emergent setting (Table 3). Therefore, MR imaging may be re-

served for select patients in whom the clinical diagnosis is uncer-

tain or for centers that have MR imaging readily available 24/7

with streamlined protocols to limit imaging time within the stan-

dard-of-care guidelines for thrombolytic therapy.

Summary. In acute stroke patients who are candidates for IV

thrombolysis (0- to 4.5-hour time window), NCCT or MR imag-

ing is recommended to exclude intracranial hemorrhage and de-

termine the extent of ischemic changes.4,63,64

1) The presence of a large acute hypoattenuation on NCCT

increases the risk of hemorrhagic transformation after thrombo-

lytic therapy. This is considered a relative, not absolute, contrain-

dication for IV tPA. MR DWI may be obtained for a more defin-

itive estimate of the extent of ischemia, only if this does not delay

IV thrombolysis.

2) The presence of a small number of MR imaging– detected

chronic microhemorrhages (�5), in the absence of hemorrhage

on NCCT, is not a contraindication to IV thrombolysis. However,

the risk of hemorrhage in patients with multiple chronic micro-

hemorrhages (�5) is unknown.

Rationale and Imaging Evidence for Acute Ischemic
Stroke Patients Who Are Candidates for Endovascular
Revascularization
There is limited evidence supporting the use of intra-arterial

thrombolytic agents up to 6 hours. Also, the evidence supporting

improved clinical outcomes with first-generation mechanical em-

bolectomy devices up to 8 hours following symptom onset, com-

pared with standard medical care, has recently been challenged by

the results of the Mechanical Retrieval and Recanalization of

Stroke Clots Using Embolectomy (MR RESCUE),65 Interventional

Management of Stroke (IMS III),66 and Intra-arterial Versus Sys-

temic Thrombolysis for Acute Ischemic Stroke (SYNTHESIS

EXP) trials.67 Mechanical thrombectomy devices received FDA

approval for use in patients presenting up to 8 hours from symp-

tom onset because of early recanalization being associated with a

4- to 5-fold improvement in clinical outcome.68 Further random-

ized, controlled trials are needed to test the clinical efficacy of

new-generation stent-retriever (“stentriever”) thrombectomy

devices.

Initiation of endovascular revascularization therapy provides

targeted treatment at the site of the clot. Due to the associated

risks of the procedure, if this is considered, more information for

appropriate patient selection is needed to achieve an acceptable

risk-benefit ratio.69,70 Poor response and poor outcomes with IV

thrombolysis have been found with carotid terminus and large,

proximal artery occlusions.71,72 Additionally, the outcome after

endovascular therapy is also influenced by the composition and

location of the thrombus, with improved recanalization rates for

more proximal rather than distal thrombus.73-77 Thus, there is

some justification (level II) for vascular imaging of acute stroke

patients at the time of the initial brain imaging study to triage

patients to the best therapy and determine prognosis. This may

also be the most practical and efficient time to obtain vascular

imaging in stroke patients.

There are 3 major imaging strategies (and numerous combi-

nations of these 3 strategies) used in acute ischemic stroke pa-

tients who are considered for endovascular revascularization

therapy, with different underlying rationales (Fig 1). There is cur-

rently no definitive evidence supporting one strategy over the

other. Some believe that more imaging provides additional, clin-

ically relevant information, while others are concerned about the

additional time resulting from the additional imaging and the

potential delay to recanalization it might cause. The choice of

imaging implemented may depend on physician preference and

logistical factors (such as whether advanced imaging, especially

MR imaging, can be performed quickly and on a 24/7 basis). In

considering the underlying rationale for endovascular therapy,

additional imaging may be more justified in patients within the

4.5- to 8-hour time window. In patients with a contraindication to

IV tPA within the 0- to 4.5-hour time window and in patients

considered for endovascular therapy after IV tPA failure, imaging

the volume of the infarct may be sufficient.

The first strategy consists of going to the angiography suite

immediately after the initial NCCT. The rationale for this ap-

proach is to minimize the door-to-recanalization time. In this

setting, the vascular patency status is assessed on the DSA that

precedes the therapeutic portion of the procedure, before lysis or

removal of the clot. Collateral patterns can also be demonstrated,

though infarct volume can only be indirectly assessed by attention

to flow, parenchymal blush, and arterial-to-venous transit times.

The second strategy consists of obtaining a CTA to assess vascular

patency, with or without perfusion imaging, to better characterize

the site of occlusion and the ischemic tissue before making an

endovascular treatment decision. The third strategy consists of

using MR imaging/MRA, possibly with diffusion- and perfusion-

weighted imaging at institutions where it can be performed

quickly and on a 24/7 basis. The rationale of these latter ap-

proaches is that the extra time needed to perform this additional

imaging may be justified by the information gathered and the

implications for decision-making.78,79 Some studies have demon-

strated that the extra time for imaging until treatment does not

adversely affect outcomes.80-82

Imaging Evidence for Detection of Intravascular Clot
Vascular imaging of the acute stroke patient before endovascular

therapy is necessary to determine whether an embolus/thrombus

is present that is accessible and amenable to intra-arterial throm-

bolysis and/or mechanical thrombectomy. Imaging of the intra-

cranial and extracranial vessels can be performed quickly and

noninvasively by using CTA and MRA. However, DSA is consid-

ered the reference standard for detection of vascular stenoses and

occlusions. CTA has been reported to have high sensitivity (97%–

100%) and specificity (98%–100%) for detecting intracranial ste-

noses and occlusions compared with DSA (level Ib).83-90 MRA

can also be used to characterize vascular patency (level Ib).4,64,91

CTA has been shown to be slightly superior to MRA for this pur-

pose, typically for distal vascular lesions.83,84 Complete or partial

signal void in regions of high and/or turbulent flow may occur on
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time-of-flight MRA, leading to an overestimation of stenosis.

Window settings and presence of calcifications or adjacent bone

can limit CTA evaluation.

CTA provides additional tissue information on the CTA-SI,

initially thought to represent blood volume–weighted data. How-

ever, with current, faster CTA protocols, a steady-state is not al-

ways reached; the CTA-SI may be more blood flow–weighted and

can frequently overestimate ischemic core relative to the DWI

lesion volume.47 Hypoattenuated regions on CTA-SI indicate

early ischemic changes that may be seen to better advantage com-

pared with NCCT. In one study, the combined information from

the CTA and CTA-SI demonstrated marked improvement in lo-

calization of both the ischemic core and the occluded vessel com-

pared with NCCT and clinical information.92 Another advantage

of CTA is that it can be obtained immediately following NCCT,

after initiation of IV thrombolytic therapy in the CT scanner, to

avoid delaying treatment.

Imaging Evidence for Detection of Viable Tissue
Determination of tissue viability based on imaging has the poten-

tial to individualize thrombolytic therapy and extend the thera-

peutic time window for some acute stroke patients. Although per-

fusion imaging has been incorporated into acute stroke imaging

algorithms at some institutions, its clinical utility has not been

proved. The potential value of perfusion imaging has been as-

sessed in the Desmoteplase in Acute Ischemic Stroke–phase II

(DIAS-II) trial by using MR diffusion/perfusion mismatch and a

perfusion-CT mismatch as entry criteria to receive IV desmote-

plase in patients presenting up to 9 hours from symptom onset.93

However, this trial failed to demonstrate superiority of treatment

over placebo by using penumbral imaging as a selection criterion.

Other trials such as Diffusion-weighted Imaging Evaluation For

Understanding Stroke Evolution (DEFUSE), DEFUSE-2, and

Echoplanar Imaging Thrombolysis Evaluation Trial (EPITHET)

have shown promising results by using a combination of diffusion

and perfusion imaging to identify good candidates for revascular-

ization therapy beyond 3 hours.78,79,94 The MR RESCUE trial

failed to demonstrate any difference in outcome in stroke patients

selected by using penumbra imaging compared with no selection

at all.65 Therefore, there is insufficient evidence at this point sup-

porting the use of penumbra imaging to select patients for acute

reperfusion therapy. Further randomized, controlled trials are

needed to test the full spectrum of penumbra imaging selection

for acute stroke therapies.

MR perfusion is employed at some institutions to assess the

diffusion/perfusion mismatch. The presence of a perfusion ab-

normality larger than the DWI lesion (ie, a mismatch) is a quali-

tative marker for potential infarct expansion.95-97 However, the

extent of mismatched tissue varies greatly, depending on the per-

fusion parameter selected and the threshold selected to represent

the PWI abnormality (level 2b).93,98-100 Individual studies have

reported varying perfusion parameters as most predictive of tissue

viability and clinical outcome, without clear consensus. Some

studies have suggested that the Tmax parameter (time-to-peak of

the residue function) by using a threshold �6 seconds is a good

predictor of infarct growth in the absence of early

recanalization.101-103

Perfusion CT is another method used to assess the ischemic

core and penumbra. Similar to MR PWI, there is no clear consen-

sus on the optimal perfusion parameter that is most predictive of

tissue viability and outcome. A prospective multicenter study re-

ported that an absolute cerebral blood volume threshold reflected

the ischemic core and that a relative mean-transit-time threshold

most accurately reflected the penumbra.104 However, in more

recent and larger studies, relative cerebral blood flow was found to

be more predictive of the ischemic core (nonviable tissue) than

absolute CBV.105-113 As for PWI, there is a need for standardiza-

tion of the PCT methods used to define the ischemic core and the

penumbra.

It is important to note that perfusion imaging has many appli-

cations beyond characterization of the penumbra and triage of

patients to acute revascularization therapy. The negative results

of the MR RESCUE trial do not negate these potential bene-

fits.65 These applications include, but are not limited to, the

following: 1) improving the sensitivity and accuracy of stroke

diagnosis (in some cases, a lesion on PCT leads to more careful

scrutiny and identification of a vascular occlusion that was not

evident prospectively, particularly in the M2 and more distal

MCA branches)46,113-115; 2) excluding stroke mimics116; 3)

better assessment of the ischemic core114 and collateral

flow117; and 4) prediction of hemorrhagic transformation and

malignant edema.118,119

Imaging Evidence for the Characterization of Collateral
Vessels
The concept of collaterals as a vascular network that can poten-

tially bypass devastating effects of a blocked cerebral artery has

recently gained momentum. Collaterals have been shown to en-

hance recanalization and reperfusion, reduce the size of the core

and ischemic lesion growth, decrease the risk of hemorrhagic

transformation, and improve outcomes with IV and endovascular

revascularization (level III).117,118 More specifically, a poor col-

lateral pattern has a high specificity for poor tissue and clinical

outcome (level III).120

Several imaging approaches have been proposed to evaluate

collaterals, including CTA, PCT, perfusion-weighted imaging,

DSA, arterial spin-labeling (ASL), and positron-emission tomog-

raphy. Currently, none of these techniques is absolute nor is any

established as a reference standard to assess and quantify collateral

flow. Imaging techniques that include a serial, temporal assess-

ment have a definitive advantage because of the dynamic nature of

collateral perfusion. Optimized imaging analyses of collateral per-

fusion patterns may have to consider the underlying mechanism

of arterial occlusion, as patterns may vary from intracranial ath-

erosclerosis to cardioembolism.121 Thresholded volumes of hy-

poperfusion on perfusion maps may not be as informative as

voxel-based measures that depict the heterogeneity of the

penumbra.122

Summary. In acute stroke patients who are candidates for endo-

vascular therapy, vascular imaging (CTA, MRA, DSA) is strongly

recommended during the initial imaging evaluation.4,57,63,64 Per-

fusion imaging may be considered to assess the target tissue “at

risk” for reperfusion therapy.4,64 However, the accuracy and use-
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fulness of perfusion imaging to identify and differentiate viable

tissue have not been well-established.

1) Acute large-vessel intracranial thrombus is accurately de-

tected by CTA, MRA, and DSA.

2) Patients with large infarctions tend to have poor outcomes.

The ischemic core is determined most accurately with DWI. Ap-

propriately thresholded PCT-CBV and PCT-CBF can also be used

to identify the ischemic core despite immediate reperfusion.

3) A poor collateral pattern has a high specificity for poor

tissue and clinical outcome (level III).

Rationale and Imaging Evidence for Acute Ischemic
Stroke Patients Who Are NOT Candidates for IV or
Endovascular Therapy and Patients with Transient
Ischemic Attacks
When acute revascularization therapy is not being considered, the

role of imaging is primarily focused on diagnosis, prevention of

immediate complications, and the identification of potentially

treatable causes of future stroke. In patients with TIAs, multi-

modal MR imaging is preferred, and NCCT should be obtained

only if MR imaging is not available, as NCCT has limited utility in

patients whose symptoms have resolved.123 DWI can demon-

strate lesions in approximately 40% of TIA patients,56,124,125 and

DWI positivity in TIA patients is associated with a higher risk of

recurrent ischemic events.126 The distribution of the DWI lesions

can help with the determination of the stroke etiology (scattered

emboli in multiple territories indicative of proximal embolic

source [eg, cardiac], watershed distribution of lesions suggestive

of carotid disease, and so forth).127-129

MR-based perfusion imaging, either with dynamic suscepti-

bility contrast or ASL, may additionally identify a vascular etiol-

ogy in TIA patients.130,131

CTA or MRA of the intracranial and cervical arteries and

duplex sonography (DUS) for the cervical arteries are used to

identify stenosis and/or occlusion (level Ib)123 and determine ap-

propriate secondary prevention, such as extracranial carotid re-

vascularization, for these patients. An appropriate evaluation for

cardiac sources of TIA/stroke (eg, echocardiography) should also

be performed.

Summary. When revascularization therapy is not indicated or

available, multimodal neuroimaging of the brain and cerebrovas-

culature with MR imaging should be performed to confirm the

diagnosis of stroke, identify the underlying etiology, and assess

immediate complications and risk of future stroke.123

1) Multimodal CT, including NCCT and CTA and possibly

PCT, should be reserved for patients who have contraindications

to MR imaging, or if MR imaging is not available.123

Rationale and Imaging Evidence for Acute Ischemic
Stroke Patients with Wake-Up Stroke or More Generally
with Unknown Time of Onset
Acute stroke patients presenting without a definite time of symp-

tom onset, such as wake-up stroke, may or may not proceed to

thrombolytic treatment. If no acute reperfusion therapy is con-

sidered, NCCT is recommended to assess for intracranial hemor-

rhage. Further imaging evaluation is consistent with recommen-

dations discussed in the previous sections.

However, if acute reperfusion therapy is considered, typically

as part of a clinical trial, multimodal MR imaging (by using the

DWI-PWI mismatch or the DWI-FLAIR mismatch) or multi-

modal CT (NCCT, CTA, and PCT) is required to assess the “tissue

clock,” as the time clock concept does not apply.132-134

Summary. In acute stroke patients without a definite time of

symptom onset, imaging recommendations depend on whether

acute reperfusion therapy may be performed.

1) If no acute reperfusion therapy will be performed, imaging

recommendations are consistent with those in the previous

sections.

2) If acute reperfusion therapy is considered, multimodal MR

imaging or CT with perfusion imaging is recommended to eval-

uate viable tissue, as the time clock is not applicable. However,

there is no firm evidence supporting imaging selection for treat-

ment in this patient population.

Rationale and Imaging Evidence for Patients Suspected of
Posterior Fossa Stroke
Acute stroke imaging in patients presenting with posterior fossa

infarctions is quite similar to hemispheric ischemic stroke. A few

aspects specific to the posterior fossa include the following:

● NCCT is relatively insensitive in detecting acute and small cor-

tical or subcortical infarctions, especially in the posterior fossa.

PCT has very limited indications for the posterior fossa as

beam-hardening artifacts from the temporal bones limit the

image quality. Additionally, the spatial resolution of PCT is

challenged by the small size of ischemic lesions in the posterior

fossa. Of further consideration, PCT imaging of the posterior

fossa may involve inclusion of the ocular lenses in the cine

imaging acquisition, which is associated with a non-negligible

deterministic risk of cataract formation.

● MR imaging with DWI is the optimal imaging technique to

assess for ischemic lesions in the posterior fossa (level Ia).130 It

can assess the degree of brain stem infarction before intra-arte-

rial treatment. However, due to the dismal prognosis of basilar

occlusion, a higher risk is often tolerated to achieve recanaliza-

tion at any time point.

● CTA, MRA, and DSA are the preferred imaging techniques to

assess for basilar artery thrombosis (level Ia).

Summary. In acute stroke patients presenting with posterior

fossa infarction, imaging recommendations are similar to hemi-

spheric acute ischemic stroke.

1) MR imaging with DWI is the optimal imaging technique to

assess the presence and extent of ischemia in the posterior fossa.

2) CTA and DSA are the preferred imaging techniques to as-

sess for basilar artery thrombosis. MRA is an acceptable alterna-

tive for patients already undergoing an MR imaging examination.

Rationale and Evidence Supporting Imaging of the
Cervical Arteries in Acute Stroke and TIA Patients
Imaging of the cervical arteries (in addition to imaging of the

intracranial arteries) should be performed routinely as part of the

imaging evaluation of patients with acute ischemic stroke but

should not delay IV tPA administration in the first 4.5 hours.4,64

Similarly, noninvasive imaging of the cervical arteries should be a
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routine component of the imaging work-up of patients with

TIAs.4,64 The primary goal of imaging the cervical arteries is to

help identify the mechanism of the stroke and thus potentially to

prevent a recurrence.4,64,135 Several imaging techniques are avail-

able to assess the cervical arteries including DUS, CTA, MRA, and

DSA.136-138 Each technique has its own advantages and limita-

tions in specific clinical situations, but overall, these noninvasive

techniques show general agreement with DSA in approximately

90% of cases (level Ib).139-141 DSA is considered the reference

standard imaging technique to assess the degree of stenosis and

determine patient eligibility for carotid endarterectomy/angio-

plasty/stent placement. The concordant results of 2 noninvasive

techniques (DUS, CTA, and/or MRA) can be used to determine

treatment eligibility, avoiding catheterization risks.142,143 A 99%

stenosis (the so-called string sign) is most accurately detected by

DSA, followed closely by CTA and contrast-enhanced MRA.144

Summary. In acute stroke patients, vascular imaging should be

performed to evaluate the mechanism of stroke and assess risk of

future stroke.1

1) Overall, vascular imaging with DUS, CTA, MRA, or DSA

has good agreement.

2) Concordant results from at least 2 noninvasive imaging

techniques can be used to determine treatment eligibility for re-

vascularization procedures.
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54. Lövblad KO, Laubach HJ, Baird AE, et al. Clinical experience with
diffusion-weighted MR in patients with acute stroke. AJNR Am J
Neuroradiol 1998;19:1061– 66

55. Marks MP, de Crespigny A, Lentz D, et al. Acute and chronic stroke:
navigated spin-echo diffusion-weighted MR imaging. Radiology
1996;199:403– 08

56. Kidwell CS, Alger JR, Di Salle F, et al. Diffusion MRI in patients
with transient ischemic attacks. Stroke 1999;30:1174 – 80

57. Ay H, Buonanno FS, Rordorf G, et al. Normal diffusion-weighted
MRI during stroke-like deficits. Neurology 1999;52:1784 –92

58. Barber PA, Darby DG, Desmond PM, et al. Identification of major
ischemic change: diffusion-weighted imaging versus computed
tomography. Stroke 1999;30:2059 – 65

59. Lee LJ, Kidwell CS, Alger J, et al. Impact on stroke subtype diagno-
sis of early diffusion-weighted magnetic resonance imaging and
magnetic resonance angiography. Stroke 2000;31:1081– 89

60. Warach S, Pettigrew LC, Dashe JF, et al. Effect of citicoline on isch-
emic lesions as measured by diffusion-weighted magnetic reso-
nance imaging: Citicoline 010 Investigators. Ann Neurol
2000;48:713–22

61. Tong DC, Yenari MA, Albers GW, et al. Correlation of perfusion-
and diffusion-weighted MRI with NIHSS score in acute (<6.5
hour) ischemic stroke. Neurology 1998;50:864 –70
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