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Abstract

In the article entitled “Imaging Recommendations for Acute Stroke and Transient Ischemic Attack
Patients: A Joint Statement by the American Society of Neuroradiology, the American College of
Radiology and the Society of Neurolnterventional Surgery”, we are proposing a simple, pragmatic
approach that will allow the reader to develop an optimal imaging algorithm for stroke patients at
their institution.
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Stroke is a leading cause of death and disability worldwide. Imaging plays a critical role in
evaluating patients suspected of having acute stroke and transient ischemic attack (T1A),
especially before initiating treatment. Over the past few decades, major advances have
occurred in stroke imaging and treatment, including FDA approval of recanalization
therapies for treatment of acute ischemic stroke. A wide variety of imaging techniques have
become available to assess vascular lesions and brain tissue status in patients with acute
stroke. 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 institutions. Important
considerations include constraints of time and cost, access to imaging modalities,
preferences of treating physicians, availability of expertise, and availability of endovascular
therapy. The choice of which imaging techniques to use is influenced by both the time
urgency for patient evaluation and the complexity of the literature on acute stroke imaging.
Ideally, imaging algorithms should incorporate techniques that provide optimal benefit for
patient outcomes without delaying treatment. Therefore, it is most practical and efficient to
use a standardized imaging approach, with all relevant imaging studies conducted in as few
sessions as possible (Fig. 1).

IMAGING 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 intravenous (1V) tissue plasminogen activator (tPA), noncontrast CT
(NCCT) of the head should be performed to determine eligibility for treatment. IV tPA can
then be initiated without waiting for further imaging. In patients under consideration for
endovascular therapy, 3 imaging options may be used: (1) NCCT followed immediately by
digital subtraction angiography for vascular assessment, (2) NCCT plus CT angiography
(CTA) with or without perfusion CT, or (3) MRI plus MR angiography (MRA) with or
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without perfusion MR at institutions that can offer MRI 24/7 without delaying treatment. In
patients who are not candidates for IV or endovascular therapy, and in patients with TIAs,
vascular imaging is recommended to guide management for secondary prevention of future
stroke.

IMAGING PATIENTS WITH INTRACRANIAL HEMORRHAGE

If intraparenchymal hemorrhage is present, as occurs 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 or aneurysm [1-3]. MRI without and with contrast is
sometimes obtained to assess for an underlying neoplastic or vascular mass or associated
microhemorrhages that may suggest amyloid angiopathy, multiple cavernous malformations,
or septic emboli, among other etiologies. In the acute phase, the sensitivity of MRI may be
limited by mass effect from the hematoma and the complex MRI signal of blood products
that may obscure subtle enhancing lesions; however, its sensitivity is improved in the
subacute phase once the hematoma has been resorbed [1-3].

IMAGING PATIENTS WITH ACUTE ISCHEMIC STROKE WHO ARE
CANDIDATES FOR IV THROMBOLYSIS

Treatment options are considered for patients with acute ischemic stroke without intracranial
hemorrhage present on imaging. FDA guidelines for the administration of IV thrombolysis
include imaging to exclude intracranial hemorrhage and its interpretation by a physician
with appropriate expertise. Completion of this initial imaging within 45 min of the patient
admission to the emergency department is a CMS Hospital Outpatient Quality Reporting
Program measure [4-6]. There is strong evidence supporting the use of IV tPA as a
recanalization therapy to improve clinical outcomes during the 0-hour to 3-hour time
window [7-9] and during the 3-hour to 4.5-hour time window [10-12]. This benefit is
despite an increased risk for symptomatic intracranial hemorrhage after infusion. Overall,
there is strong evidence supporting the timely use of NCCT or MRI of the brain to exclude
hemorrhage in patients with the clinical diagnosis of stroke and before initiating IV
thrombolytic therapy [7,13]. The primary goals of imaging during the 0-hour 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 1V thrombolytic therapy. The
presence of a large acute hypodensity on NCCT increases the risk for hemorrhagic
transformation after thrombolytic therapy. This is considered a relative, not absolute,
contraindication for IV tPA. MR diffusion-weighted imaging (DWI) may be obtained for a
more definitive estimate of the extent of ischemia, only if this does not delay IV
thrombolysis [9,14,15].

IMAGING PATIENTS WITH ACUTE ISCHEMIC STROKE WHO ARE
CANDIDATES FOR ENDOVASCULAR REVASCULARIZATION

There is limited evidence supporting the use of intra-arterial thrombolytic agents up to 6
hours after symptom rest. Also, the evidence supporting improved clinical outcomes with
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first-generation mechanical embolectomy devices up to 8 hours after symptom onset,
compared with standard medical care, has recently been challenged by the results of the
Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy [16],
Interventional Management of Stroke 111 [17], and Intra-Arterial Versus Systemic
Thrombolysis for Acute Ischemic Stroke Expansion [18] trials.

There are 3 major imaging strategies (and numerous combinations of these 3 strategies) used
in patients with acute ischemic stroke who are considered for endovascular revascularization
therapy, with different underlying rationales (Fig. 1). There is currently no definitive
evidence supporting 1 strategy over the other. Some believe that more imaging provides
additional, clinically relevant information, whereas others are concerned about the time
delay resulting from the additional imaging and the potential delay to recanalization it may
cause. The choice of imaging implemented may depend on physician preference and logistic
factors (such as whether advanced imaging, especially MRI, 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-hour to 8-hour time window. In
patients with contraindications to IV tPA within the 0-hour 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 approach is to minimize the door-to-recanalization time. In this
setting, the vascular patency status is assessed on the digital subtraction angiography that
precedes the therapeutic portion of the procedure, before lysis or removal of the clot.
Collateral patterns can also be demonstrated, although infarct volume can be indirectly
assessed only by attention to flow, parenchymal blush, and arterial to venous transit times.
The second strategy consists of performing 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 MRI or
MRA, possibly with DWI and perfusion-weighted imaging, at institutions at which it can be
performed quickly and on a 24/7 basis. The rationale for these latter approaches is that the
extra time needed to perform this additional imaging may be justified by the information
gathered and the implications for decision making [19,20]. Some studies have demonstrated
that the extra time for imaging before treatment does not adversely affect outcomes [21-23].

IMAGING PATIENTS WITH ACUTE ISCHEMIC STROKE WHO ARE NOT
CANDIDATES FOR IV OR ENDOVASCULAR THERAPY AND PATIENTS

WITH TIAs

When acute revascularization therapy is not being considered, the role of imaging is focused
primarily on diagnosis, prevention of immediate complications, and the identification of
potentially treatable causes of future stroke. In patients with TIAs, multimodal MRI is
preferred, and NCCT should be performed only if MRI is not available, as NCCT has
limited utility in patients whose symptoms have resolved [24]. DWI can demonstrate lesions
in approximately 40% of patients with TI1As [25-27], and DWI positivity in patients with
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TIAs is associated with a higher risk for recurrent ischemic events [28]. The distribution of
DWI lesions can help with the determination of stroke etiology (scattered emboli in multiple
territories indicative of a proximal embolic source [eg, cardiac], watershed distribution of
lesions suggestive of hypoperfusion from carotid disease, etc) [29-31].

CTA or MRA of the intracranial and cervical arteries and duplex ultrasound for the cervical
arteries are used to identify stenosis and/or occlusion [24] and to determine appropriate
secondary prevention, such as extracranial carotid revascularization, for these patients. An
appropriate evaluation for cardiac sources of TIA or stroke (eg, echocardiography) should
also be performed.

IMAGING THE CERVICAL ARTERIES IN PATIENTS WITH ACUTE STROKE

AND TIAs

In patients with acute stroke, vascular imaging should be performed to evaluate the
mechanism of stroke and assess risk for future stroke [1]. Overall, vascular imaging with
duplex ultrasound, CTA, MRA, or digital subtraction angiography has good agreement.
Concordant results from at least two noninvasive imaging techniques can be used to
determine treatment eligibility for revascularization procedures.
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Fig 1.

Sugggested imaging protocols for patients presenting with acute stroke symptoms on the
basis of the clinical scenario and the therapeutic options available. Each of the gray boxes
represents one imaging strategy. So as 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 up front in as few sessions as
possible. 1To assess the etiology of the intracranial hemorrhage (CT angiography [CTA] for
vascular pathologies, such as aneurysms, arteriovenous malformations, vasculopathies; MRI
for vascular malformations and neoplastic and other pathologies associated with
hemorrhage). 2Also if the patient is not a candidate for intravenous (1V) tissue plasminogen
activator (tPA) (contraindication to tPA, outside time window for tPA) or if IV tPA failed or
it is thought that it might fail. 3For patients who are outside the time window for acute
reperfusion therapies (>4.5 hours at sites at which only IV tPA is being considered; >8 hours
at sites at which endovascular therapy is considered) and for patients with transient ischemic
attacks (T1As), emphasis is on secondary prevention, and their imaging workup should be
focused on vascular imaging (CTA, MR angiography [MRA], or doppler ultrasound [DUS])
to assess the carotid arteries as a possible cause of the ischemic stroke, with secondary
prevention in mind. If MRA is performed, it makes sense to concurrently obtain MRI with
diffusion-weighted imaging (DWI), fluid-attenuated inversion recovery (FLAIR), and
gradient-recalled echo (GRE) or susceptibility-weighted imaging (SWI). Echocardiography
should also be performed to assess for cardiac sources. *If available, MRI or MRA is the
preferred imaging modality for patients with TIA. SAt institutions at which MRI 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. ASL = arterial spin-labeled; NCCT = noncontrast CT; PCT = perfusion CT,;
PWI = perfusion-weighted imaging.
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