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Advanced Imaging  
in Acute Ischemic Stroke

Overview
Acute ischemic stroke is a leading cause of death in the United States, 

accounting for approximately one in every 20 deaths,1,2 and is a major cause 
of long-term disability.3 Every year, approximately 795,000 people will experi-
ence a new or recurrent acute ischemic stroke, and an estimated 6.6 million 
Americans older than 20 years of age already have experienced one.2 Acute 
ischemic stroke occurs when there is a disruption of the blood supply to the 
brain due to an acute vessel occlusion, which may be either embolic in nature 
or form in situ at a ruptured arterial plaque. Therefore, treatments are aimed 
at reperfusing the affected brain parenchyma to salvage at-risk tissue before it 
infarcts in order to improve clinical outcomes. Timely workup, including imag-
ing, and management of a patient presenting with stroke are paramount. 

Timely systemic intravenous administration of recombinant tissue plas-
minogen activator (tPA) remains the mainstay of treatment for acute ischemic 
stroke. Although systemic tPA increases survival with favorable functional 
outcomes, still more than half of treated patients either will fail to recover 
completely or will die.4,5 Early treatment, particularly within three hours of 
symptom onset, is associated with the best clinical outcomes,4-6 although cur-
rent guidelines allow for the treatment window to be extended to 4.5 hours in 
selected patients.7 In a patient who is eligible for systemic thrombolytic therapy, 
early imaging evaluation is crucial to avoid delaying effective treatment.

In recent years, newer-generation thrombectomy devices have come into use, 
and there are robust clinical trials supporting their use in selected patients.8-12 
Thus, advanced imaging plays an increasingly important role in the initial 
evaluation of acute ischemic stroke to identify patients who are the most likely 
to benefit from the intervention and who are the least likely to experience 
potentially catastrophic adverse events. Advanced imaging evaluation may be 
particularly important in extending the treatment window for these selected 
patients, many of whom will present outside of the treatment window for 
systemic thrombolytic therapy. Any clinician who may have a role in the ini-
tial triage and management of these patients would be well-served to have an 
understanding of the currently available imaging modalities and techniques, 
and the applications of each in the evaluation of acute ischemic stroke.

Structural Imaging
For the initial evaluation and diagnosis of acute stroke, structural imaging 

is key to characterize the nature and extent of the insult as well as to iden-
tify or exclude alternate etiologies for an acute neurologic deficit, such as an 
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EXECUTIVE SUMMARY
 z During initial non-contrast computed tomography (CT) imag-

ing of a suspected stroke, consider obtaining a CT angiogram 
and perfusion study, if additional time will not delay adminis-
tration of indicated systemic tPA therapy.

 z The non-contrast CT scan can be used to calculate the Alberta 
Stroke Program Early CT Score (ASPECTS), a method to quan-
tify the extent of middle cerebral artery territory infarction to 
predict outcome after systemic thrombolytic therapy.

 z Magnetic resonance imaging with diffusion-weighted imag-
ing is the gold standard for acute ischemic stroke.

 z Magnetic resonance angiography of the intracranial vessels 
can be obtained without the use of contrast using the time-
of-flight gradient recall echo technique.

 z CT perfusion imaging can identify “at risk” or salvageable tis-
sue (the ischemic penumbra) potentially recoverable with 
reperfusion therapy.

intracranial mass, extra-axial collec-
tion, or hemorrhage. (See Figure 1.) 
Both computed tomography (CT) 
and magnetic resonance (MR) may be 
used; each has its distinct strengths and 
weaknesses.

Non-contrast Computed 
Tomography

Non-contrast computed tomogra-
phy (NCCT) remains the mainstay of 
first-line imaging for acute stroke. It is 
widely available, can be performed and 
interpreted expeditiously, and can detect 
the presence of acute hemorrhage with 
high sensitivity13 — almost 100% in the 
setting of acute subarachnoid hemor-
rhage14 — and is excellent at depicting 
calcifications. (See Figure 2.) In addition, 
there are almost no contraindications 
for its use.

A major disadvantage of NCCT in 
the evaluation of acute ischemic stroke 
is that in the hyperacute phase, signs of 
early ischemia may be subtle and diffi-
cult to detect or altogether absent, with 
a poor sensitivity reported at 58% in one 
study.15 The earliest sign of acute isch-
emic stroke on NCCT may be a hyper-
dense middle cerebral artery (MCA) 
segment, indicating the presence of a 
thrombus or thromboembolism. (See 
Figure 3.) 

The earliest indication of acute isch-
emia in the brain parenchyma is the loss 
of differentiation of the gray and white 
matter in the affected region, which 
is due to decreased blood flow to the 
relatively vascular and, thus, hyperdense 
cortex, rendering it indistinct from the 
adjacent, typically more hypodense 
white matter.16,17 This is termed the 
“insular ribbon sign” when it occurs in 
the insula, and the “disappearing basal 
ganglia” sign when it occurs in the basal 

ganglia. Classically peaking two to five 
days after the onset of a cerebral infarc-
tion, increasing hypoattenuation and 
mass effect from progressive vasogenic 
edema are present within the affected 
vascular territory.18 Beyond three to four 
weeks, in the chronic stage, the infarcted 
region evolves into a hypoattenuating 
region with gliosis and volume loss.16,19 
(See Figure 4.)

Although primarily used to exclude 
intracranial hemorrhage, findings on 
NCCT also may help evaluate the 
severity of infarction and have some 
prognostic value. The Alberta Stroke 
Program Early CT Score (ASPECTS) 
is a scoring system devised to quantify 
the extent of MCA territory infarc-
tion to predict outcome after systemic 
thrombolytic therapy.20 It is relatively 
simple and reliable to use, requiring 

training but no additional resources 
beyond those required to perform 
an NCCT.21 The patient starts with 
10 points, and one point is deducted 
for each preset area of interest in the 
MCA territory in which early ischemic 
change is identified. The areas of interest 
include the caudate, lentiform nucleus, 
internal capsule, insula, and six sec-
tions of MCA cortex divided between 
two levels, demarcated by the caudate 
head.20,21 (See Figure 5.) ASPECTS has 
been shown to correlate with prognosis, 
clinical stroke severity, the presence 
and location of an intra-arterial occlu-
sion, and has good interobserver agree-
ment.20-23 However, the ability of the 
ASPECTS to predict individual out-
comes is modest, and, thus, care must 
be taken when interpreting results for 
prognostication on an individual basis.21 

Figure 1. Acute Stroke

A patient who presented 
with an acute stroke. A) 
Axial NCCT shows an area of 
hemorrhage and edema in 
the left frontoparietal region. 
B, C) Axial and coronal CT 
venography demonstrates 
lack of contrast within the left 
vein of Trolard (solid white 
arrows), a major superficial 
cerebral vein. Note the contrast 
within the contralateral vein 
of Trolard (outlined arrows). 
D) 3D maximum-intensity 
reconstruction from MR 
venography demonstrates the 
same finding — a normal vein 
of Trolard on the right (outlined 
arrow), which is missing from the 
symptomatic side (solid white 
arrow). Imaging in this patient 
confirmed the patient’s stroke 
was related to a large cortical 

vein thrombosis resulting in hemorrhagic venous infarction, and not an arterial acute ischemic 
stroke. tPA would be contraindicated.
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Currently there is no evidence to 
show that ASPECTS modifies the 
effect of intravenous tPA therapy 
within a six-hour time window, and, 
thus, eligible patients should not be 
excluded from receiving systemic 
thrombolytic treatment based on 
ASPECTS score alone.21,23,24 It has 
been suggested that ASPECTS may 
be useful in extending the treatment 
window for select patients, and that 
patients who have a clinically or func-
tionally significant neurologic deficit 
but good ASPECTS score (greater 
than 7) may benefit from delayed 
thrombolytic therapy, although this has 
not been validated.21

Of the five major prospective 
randomized, controlled trials in 
favor of endovascular interven-
tion (EXTEND-IA, MR CLEAN, 
SWIFT PRIME, ESCAPE, and 
REVASCAT), all excluded patients 
with a large infarction core, and some 

used ASPECTS to do so.8-12 It is 
interesting to note that on later cen-
tral adjudication of imaging studies in 
the REVASCAT trial, 25% of study 
patients actually were categorized as 
having ASPECTS scores of 6 or less 
(below the cutoff for exclusion). This 
may explain in part why the overall 
treatment effect in REVASCAT was 
lower than in many of the other stud-
ies; however, this also suggests the 
possibility that discrimination based 
on ASPECTS would exclude some 
patients who otherwise would have 
benefited from treatment.10 

Of course, ASPECTS is limited in 
that it was devised only to evaluate 
MCA territory infarctions. A similar 
scoring system for posterior circulation 
system infarction (pc-ASPECTS) has 
been devised, but it has not been studied 
as well to date for its ability to predict 
outcomes and help select patients for 
intervention.25

Magnetic Resonance Imaging

Structural magnetic resonance imag-
ing (MRI) with diffusion-weighted 
imaging (DWI) is exquisitely sensi-
tive in the detection of acute ischemic 
stroke.17,19,26,27 DWI is currently the gold 
standard for imaging of acute infarc-
tion. Regions of acute ischemia are 
represented as areas of bright signal on 
the final images, the so-called “lightbulb 
sign,” corresponding to restricted dif-
fusion of water molecules due to the 
presence of cytotoxic edema. DWI is 
an early marker for ischemia,28 and has 
high reliability for the detection of acute 
infarction, with a sensitivity of 88-100% 
and specificity of 86-100%.17,19,26,27 (See 
Figures 6 and 7.) It also has high utility 
in situations such as assessing for the 
presence of acute ischemia in a patient 
with an unclear clinical presentation or 
detection of acute ischemia on a back-
ground of chronic white matter disease, 
which significantly reduces the sensitiv-
ity of CT.29 

The use of filtered apparent dif-
fusion coefficient (ADC) mapping 
in conjunction with DWI can aid in 
confirming true diffusion restriction. 
In fact, hypointensity on ADC maps 
may precede hyperintensity on DWI 
in hyperacute infarction.30 At one to 
two weeks, ADC hypointensity may 
“pseudonormalize” on its way to even-
tual hyperintensity in the chronic phase. 
DWI hyperintensity typically resolves in 
the early chronic phase, and will convert 
to low signal in the presence of cystic 
encephalomalacia.30 The characteristic 
appearance of a region of ischemia on 
different MR sequences also can be used 
to determine the age of an infarction.30 
(See Table 1.)

Intravenous gadolinium-based con-
trast material is not required in the 
evaluation of an acute infarction, but 
may be useful in determining the age 
of an infarction. In early ischemia, even 
within two hours, an intrasulcal arte-
rial pattern of enhancement may be 
seen, related to slow flow within arteries 
distal to the occluded artery. This gives 
way to parenchymal enhancement after 
approximately three days to a week, 
depending on the size and extent of 
infarction. Parenchymal enhancement 
rarely persists beyond four months.30,31 

Susceptibility weighted imaging 

Figure 2. Calcified Embolus in Middle Cerebral Artery

Figure 3. Hyperdense Middle Cerebral Artery Sign

After a 
transcatheter aortic 
valve replacement 
for severe aortic 
stenosis, this 
patient was noted 
by a nurse to 
have expressive 
aphasia. A) NCCT 
demonstrated a 
heavily calcified 
embolus in the 
left MCA. B) 
“Blooming” artifact 
can be seen on MR 

susceptibility-weighted imaging corresponding to the calcification, but the finding is clearly more 
conspicuous on CT.

A) Non-contrast 
head CT showing 
a hyperdense 
proximal right 
M1 segment 
representing 
acute thrombus 
in a patient 
presenting with 
acute stroke. B) 
CTA demonstrates 
the corresponding 
cutoff of the right 
MCA.
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(SWI) is a high-resolution, two or 
three-dimensional gradient-recalled 
echo (GRE) sequence and is extremely 
sensitive to the presence of magnetic 
field inhomogeneities, including those 
caused by paramagentic agents, such as 
deoxyhemoglobin, and ferromagnetic 
agents, such as ferritin and hemosid-
erin.32,33 These areas of magnetic field 
inhomogeneity appear as regions of sig-
nal dropout on the final images. While 
NCCT long has been the imaging 
modality of choice for detecting acute 
hemorrhage, SWI has been shown to be 
as accurate as CT for detecting hyper-
acute hemorrhage, and superior to CT 
for chronic hemorrhage.13,36 

However, the ability of SWI to detect 
deoxyhemoglobin has applications 
beyond the evaluation of hemorrhage. 
Deoxyhemoglobin in a clot may be 
evident as a focus of hypointensity on 
SWI that is greater in diameter than the 
contralateral side, due to what is termed 
“blooming” artifact, and may help to 
localize an occlusion.37,38 Similarly, SWI 
may aid in detection of acute venous 
thrombosis, an important mimic of 
acute ischemic stroke, which translates 
as pronounced asymmetric hypointen-
sity on the affected vein.39,40 In addi-
tion, it has been suggested that because 
ischemic tissue has a higher oxygen 
extraction fraction (OEF), transmedul-
lary veins in the area of ischemia may 
contain increased deoxyhemoglobin and 
appear more prominent on SWI. (See 
Figure 8.) This finding may demarcate 
the ischemic penumbra and correlate 
with risk of hemorrhagic transforma-
tion.32,33,41-43 It also has been suggested 
that SWI may allow for the visualiza-
tion of leptomeningeal collaterals by 
a similar mechanism demonstrating 
decreased signal, indicating a greater 
proportion of deoxygenated hemoglo-
bin, within small arterial collaterals,32,44 
the significance of which is discussed in 
more detail below under vessel imaging. 
It is clear that SWI may provide useful 
corollary information in conjunction 
with other MR sequences that have the 
potential to affect treatment decision-
making in acute ischemic stroke.33,45

Vessel Imaging
Given that acute ischemic stroke is 

a disease of vascular etiology, it is not 

surprising that vessel lumen imaging of 
the head and neck can be of value in its 
evaluation. Imaging the vessel lumen 
can detect the presence of an acute 
occlusion, assess for additional lesions 
such as stenoses or dissection, assess 
the quality of collateral flow, and aid in 
planning for possible interventions. 

In the 2015 American Heart 
Association/American Stroke 
Association Focused Update of the 2013 

Guidelines for the Early Management 
of Patients With Acute Ischemic Stroke 
Regarding Endovascular Treatment, 
there is a strong recommendation for 
noninvasive intracranial vascular study 
during the initial imaging evaluation of 
an acute stroke patient. But such nonin-
vasive vascular imaging should not delay 
intravenous tPA if indicated.

There are several different modali-
ties available for noninvasive vascular 

Figure 5. Alberta Stroke Program Early CT Score  
(ASPECTS)

The Alberta Stroke Program Early CT Score (ASPECTS) scoring system. Starting with 10 points – 
one for each predefined region – a point is subtracted for each region that displays signs of early 
ischemia such as loss of gray-white matter differentiation, hypoattenuation, or mass effect.  
Key: C = caudate; IC = internal capsule; I = Insula; M1 = MCA cortex anterior to insula; M2 = MCA 
cortex lateral to insula; M3 = MCA cortex posterior to insula; M4 = MCA cortex superior to M1; M5 = 
MCA cortex superior to M2; M6 = MCA cortex superior to M3.

Figure 4. Evolution of MCA Infarction

NCCT images from a patient 
who presented initially to 
an outside hospital showing 
temporal evolution of his 
large right MCA infarction. A) 
Significant mass effect already 
is appreciable by two days. B) 
Peak mass effect occurred at 
day 4. C) Significant mass effect 
persisted through day 10. D) 
Six weeks later, mass effect has 
resolved and volume loss is 
appreciable, as evidenced by 
mild ex-vacuo dilation of the 
right lateral ventricle.
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imaging of the head and neck, each 
with corresponding advantages and 
drawbacks.

Conventional Angiography

Digital subtraction angiography 
(DSA), or conventional catheter angi-
ography, is the gold standard against 
which other vessel lumen imaging 
modalities are compared when it comes 
to assessment of the neurovasculature. 
However, this technique is invasive, is 
resource-intensive (including high use 
of skilled labor), and is associated with 
significant radiation exposure. As a 
purely diagnostic modality, it has little 
role in the modern clinical setting in 
the initial evaluation of acute ischemic 
stroke.

CT Angiography

CT angiography (CTA) is an imag-
ing technique that requires the admin-
istration of intravenous iodine-based 
CT contrast. Image acquisition then is 
timed for maximal contrast opacifica-
tion of the arteries for a single-phase 
CTA. This technique has the advan-
tages of being widely available (most 
centers that can perform NCCT also 
can perform CTA), cost effective com-
pared to MR as well as conventional 
angiography, and fast to perform. In 
fact, when combined with NCCT, a 
CTA adds only two to five minutes to 
time on the CT table.46 It can provide 
high-resolution anatomic information 
that can be extremely useful in planning 
interventional procedures.47-52 CTA 
has been demonstrated to have higher 
sensitivity, positive predictive value, and 
inter-rater reliability compared to time-
of-flight (TOF) MR angiography for 
identifying arterial occlusion, and has 
even been shown to be superior to DSA 
in the evaluation of posterior circulation 
steno-occlusive disease in the presence 
of slow flow.53 (See Figure 9.)

When an arterial occlusion is present, 
CTA can help define clot characteris-
tics that have predictive value regarding 
the likelihood of reperfusion after the 
administration of systemic tPA. Clot 
location and length, as well as the pres-
ence of residual blood flow around or 
through the occlusion, can be determined 
easily.54 (See Figure 10.) Not surpris-
ingly, patients with shorter clots (less 

Figure 6. Acute Thalamic Infarction

A, B) Acute right thalamic infarction seen axial MR DWI and ADC images. C) There is a small 
corresponding focus of T2 hyperintensity. D) In retrospect, the infarction is visible as a subtle, ill-
defined hypodensity in the right thalamus on the patient’s initial NCCT.

Figure 7. Acute Posterior Cerebral Artery Infarctions

A) Axial image from a non-
contrast head CT demonstrating 
a region of hypoattenuation 
and loss of gray-white matter 
differentiation in the right PCA 
territory, compatible with acute 
infarction. B) 3D maximum-
intensity image from TOF MR 
angiography shows a cutoff of 
the right PCA. C, D) Axial MR 
DWI and ADC images not only 
confirm the diagnosis, but also 
show additional small infarctions 
in the contralateral left 
occipital lobe, which were not 
appreciated on the initial CT.
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than 15 mm) and residual blood flow 
are more likely to have early reperfusion 
after systemic tPA therapy.54 It has been 
shown that proximal large vessel occlu-
sions are relatively resistant to systemic 
thrombolysis; patients with proximal 
M1 segment clots without residual flow 
will only reperfuse 8% of the time, and 
patients with carotid terminus “T” or “L” 
type occlusions only reperfuse 1.7% of 
the time.54-58 In patients with so-called 
“tandem” lesions, where there is both a 
proximal internal carotid lesion as well as 
an MCA occlusion, patients whose M1 
segment clot was less than 10 mm from 
the M1 origin reperfused only 8% of the 
time, as compared to 25% who had early 
reperfusion with an M1 clot more than 
10 mm from the M1 origin.54

Of note, each of the five recent major 
randomized clinical trials that showed 
significant benefit for endovascular 
intervention required definitive identifi-
cation of a proximal large artery occlu-
sion for patients to be included in the 
trial. This was done largely via CTA.8-12

Robust collateral filling vial lepto-
meningeal (pial) collaterals as assessed 

by CTA has been shown to be associated 
with reduced infarction growth, smaller 
final infarction volume, and improved 
patient outcomes.59-64 Additionally, 
angiographic grade of collateral flow has 
been linked to a likelihood of hemor-
rhagic transformation of acute ischemic 
stroke, with more significant risk shown 
in patients with poor leptomeningeal 
collaterals, particularly if the patients 

achieve recanalization.65,66 In fact, it is 
worth noting that the ESCAPE trial 
excluded patients with absent or poor 
pial collaterals on CTA.12 The IMS-III 
trial, an earlier trial that failed to show 
an overall benefit for endovascular treat-
ment, demonstrated that the quality of 
collateral flow on baseline CTA was a 
good predictor of final clinical outcome, 
and that the most benefit of endovascular 

Figure 8. Middle Cerebral Artery Occlusion With Dilated 
Transmedullary Veins on SWI

A) 3D maximum-
intensity 
reconstruction 
from an MR 
angiogram 
in a patient 
presenting with 
acute stroke 
showing a cutoff 
of the right MCA. 
B) Axial MR SWI 
in the same 
patient showing 
dilated right 
transmedullary 

veins in the region of infarction, which indicates increased deoxyhemoglobin due to increased 
oxygen extraction by the ischemic tissue.

Table 1. Evolution of Imaging Findings of Ischemic Stroke on CT and MR16,19,30

Time From Symptom Onset CT Findings MR Findings

Early hyperacute (0-6 hours) • Normal
• Hyperdense artery
• Subtle loss of gray-white differentiation

• DWI hyperintensity (“lightbulb” sign) with 
corresponding ADC hypointensity

Late hyperacute (6-24 hours) • Increasing hypoattenuation
• Loss of gray-white differentiation
• Developing mass effect and sulcal 
effacement

• DWI hyperintensity with corresponding ADC 
hypointensity
• T2 hyperintensity
• T1 hypointensity (after 16 hours)
• Developing mass effect and sulcal effacement

Acute (24 hours - 1 week) • Pronounced hypoattenuation
• Increasing mass effect; peak mass effect at 
2-5 days
• Acute hemorrhage may be present

• DWI hyperintensity with corresponding ADC 
hypointensity
• Increasing T2 hyperintensity
• Increasing T1 hyperintensity
• Increasing mass effect and sulcal effacement
• Acute hemorrhage may be present

Subacute (1-3 weeks) • Decreasing mass effect
• Continued hypoattenuation

• ADC pseudonormalization at 10-15 days, then ADC 
hyperintensity
• DWI iso- or hypointensity at 10-14 days, or persistent 
hyperintensity due to T2 sine-through
• T2 hyperintensity
• Decreasing mass effect
• Subacute hemorrhage may be present

Chronic (> 3 weeks) • Volume loss
• Hypodensity reflecting gliosis

• T2 hyperintensity and volume loss reflecting gliosis
• Possible DWI hyperintensity due to T2 shine-through 
without corresponding ADC hypointensity
• Chronic hemorrhage may be present
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treatment was seen in patient with inter-
mediate collaterals.67

MR Angiography 

There are a number of techniques by 
which MR angiography (MRA) may 
be performed, which may be flow-
dependent or rely on the administra-
tion of an intravenous contrast agent. 
Three-dimensional TOF GRE imaging 
relies on the contrast between the non-
saturated proton spins in blood entering 

the imaging plane and the stationary 
saturated protons in the adjacent tis-
sue, which results in the only signal on 
the image derived from flow within the 
vessels.68,69 It is currently the preferred 
flow-dependent MRA sequence for 
imaging of intracranial arteries, given 
its relatively rapid acquisition time 
and high spatial resolution.68 Phase-
contrast MRA, another flow-dependent 
technique, takes blood flow measure-
ments through velocity encoding, but 

has poorer spatial resolution than TOF 
angiography.68 

While contrast-enhanced MRA may 
provide better anatomic detail than 
TOF angiography, its sensitivity for 
detecting intracranial lesions is lower 
than that for extracranial steno-occlu-
sive disease.70 Contrast-enhanced MRA 
can be used to detect and characterize 
luminal stenoses and occlusions of both 
the intracranial and extracranial ves-
sels (see Figures 11 and 12), but is less 
accurate in more distal arterial branches 
as compared to CTA and is more sus-
ceptible to imaging artifacts.68 In addi-
tion, literature regarding the utility of 
contrast-enhanced MRA to assess col-
lateral flow to at-risk tissue is currently 
lacking.68

MR Vessel Wall Imaging 

Where MR does hold many advan-
tages is in vessel wall imaging (VWI) 
and the assessment of intra-arterial 
plaque composition. With advances in 
MR, evaluation for vulnerable carotid 
and intracranial plaques is possible.71,72,73 
While cervical carotid steno-occlusive 
disease has been studied extensively, 
much of the research has focused on the 
degree of luminal stenosis as a marker 
for ischemic stroke risk, and, thus, its 
indications for intervention.74,75 In 
recent years, there has been a surge in 
interest in the characterization of plaque 
composition, and whether such charac-
terization can help risk-stratify patients. 

A 2017 meta-analysis of studies 
looking at carotid plaque composi-
tion demonstrated that the presence of 
intraplaque hemorrhage, a lipid-rich 
necrotic core, and thinning or rupture 
of the fibrous cap on MR carotid plaque 
imaging significantly correlates with 
an increased risk for future cerebrovas-
cular events.76 (See Figures 13 and 14.) 
In addition, intracranial atheroscle-
rotic disease is a well-known cause of 
stroke,77-81 and high-resolution intracra-
nial VWI may allow for the assessment 
of intracranial atherosclerotic plaques 
for the presence of similar high-risk 
characteristics.69,82,83

Transcranial Sonography, Carotid 
Sonography

Sonographic imaging of intracra-
nial and extracranial vessels has many 

Figure 9. Severe Internal Carotid Artery Stenosis With 
String Sign

A) Axial CTA image showing severe stenosis of the right ICA by mixed fibrofatty and calcified plaque. 
B) Coronal reformation from the same study demonstrates the “string sign” of attenuated flow 
beyond a point of luminal stenosis.

Figure 10. Hemorrhagic Transformation of Anterior MCA 
Territory Infarction Following IV tPA

A) Axial image from an initial NCCT in a patient presenting with acute stroke, showing subtle loss 
of gray-white matter differentiation in the left frontal operculum. B) CT angiography demonstrated 
a vessel cutoff sign in a left M2 segment. C) Following IV tPA therapy, the NCCT a few days later 
showed hemorrhagic transformation. D, E, F) MR DWI, ADC, and T2 FLAIR images demonstrated a 
region of restricted diffusion and T2 hyperintensity corresponding to the original finding on CT.



288     Emergency Medicine Reports / December 15, 2017  AHCMedia.com

potential advantages: There is no expo-
sure to ionizing radiation with almost 
no contraindication for use, and theo-
retically, the studies can be performed 
rapidly, potentially at the bedside. 
B-mode (or 2D) sonography uses infor-
mation from reflected ultrasound waves 
to construct a grayscale image, and 
Doppler sonography takes advantage of 
the Doppler effect and uses the phase 
shift in reflected ultrasound waves to 
determine the velocity and direction of 
blood flow within a vessel.83 

Transcranial Doppler (TCD) is an 
ultrasound technique using four different 
acoustic windows in the skull to trans-
mit ultrasound waves to acquire arterial 
waveform Dopplers.68 Transcranial color-
coded sonography (TCCS) uses a similar 
technique to visualize the proximal intra-
cranial arteries by color-coding blood 
velocity.68 Transcranial sonography is 
complemented by information from the 
more ubiquitous carotid Doppler sonog-
raphy, which can provide anatomic and 
structural (B-mode) as well as hemody-
namic (Doppler) information about the 
extracranial vessels.68

The major advantage of sonographic 
evaluation is the capability of real-time 
characterization of flow information, 
such as direction of flow, collateraliza-
tion, microembolism, and steal phe-
nomena.84 Unfortunately, sonographic 
vessel imaging has many limitations as 
well. Sonographic evaluation of extra-
cranial vessels may be suboptimal or 
difficult to interpret in the presence of 
patient factors such as tortuous vessels, 
cardiac arrhythmias, or ventricular assist 
devices.85 For intracranial vessel imaging, 
the available acoustic windows through 
the cranium limit visualization to the 
proximal vessels — the distal internal 
carotid (except the carotid terminus) 
and much of the vertebral artery course 
cannot be evaluated,68 and transcranial 
Doppler has limited accuracy compared 
to CTA.86,87 In addition, sonographic 
studies are extremely operator-dependent 
and require a skilled technologist to per-
form; therefore, they may not be a realis-
tic option in many settings.68,87

Perfusion Weighted 
Imaging 

The routine use of perfusion imag-
ing in the evaluation of acute ischemic 

stroke is not currently ubiquitous. 
Perfusion imaging is time-resolved 
imaging that provides information 
about the quantity and quality of cere-
bral perfusion in an area of interest and 

can help determine whether tissue has 
been infarcted irreversibly or is poten-
tially salvageable with reperfusion. In 
the setting of acute ischemic stroke, 
this may identify patients who most 

Figure 11. Acute Infarction With Proximal Internal Artery 
Stenosis

Figure 12. Cervical ICA Dissection Resulting  
in Infarction

A) Hyperintensity on DWI  
(the “lightbulb” sign).  
B) Corresponding hypointensity 
on ADC confirms true diffusion 
restriction, consistent with 
acute infarction. C) T2-weighted 
FLAIR imaging shows only 
minimal corresponding 
hyperintensity, indicating 
the age of the stroke is less 
than 6 hours old. D) Contrast-
enhanced MR angiography 
demonstrates severe stenosis 
of the proximal right internal 
carotid artery, likely the source 
of an artery-to-artery embolus.

A) NCCT showing 
a focal region of 
hypoattenuation 
in the right 
parietal lobe, 
consistent with 
an MCA territory 
infarction. B, D) 
CTA in the same 
patient showed 
long segmental 
narrowing of the 
right internal 
carotid artery seen 
on the coronal 
maximum-intensity 
reformation 
and axial plane, 
consistent with 
dissection. C) 
MR angiography 
confirmed 
the diagnosis, 
demonstrating 
crescentic 
hyperintensity 
within the false 
lumen of the 

dissection compatible with subintimal thrombus around the narrowed true vessel lumen. Normal 
flow can be seen in the contralateral left internal carotid artery on both CT and MR angiography 
images.
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likely will benefit from treatment or 
intervention. 

Several studies have demonstrated 
the value or potential value of CT 
and MR perfusion imaging in select-
ing patients for both treatment with 
systemic thrombolytic therapy in a 
prolonged treatment window, and in 
selecting patients for endovascular 
intervention.8-12,88-90 A recently termi-
nated large, randomized clinical trial 
(DEFUSE3) used perfusion mismatch 
on either CT or MR perfusion to select 
patients for delayed thrombectomy 

between 6-16 hours from symptom 
onset. The final results of the study have 
not been published, but interim analysis 
reportedly revealed a high likelihood 
of benefit in the intervention group 
(NCT02586415).

CT Perfusion

Like CTA, CT perfusion (CTP) 
requires the administration of intra-
venous CT contrast. Also similar to 
CTA, the resources required to perform 
CTP imaging are widely available, it 
can be performed rapidly, and it is low 

cost when compared to MR.91 After 
receiving a bolus of intravenous con-
trast, a portion of the patient’s brain is 
imaged repeatedly over a short period 
of time, and perfusion maps are gen-
erated by post-processing software. 
Multiple parameters are assessed, with 
an individual map generated for each: 
cerebral blood volume (CBV), which is 
a measure of the total blood volume per 
unit of brain tissue; cerebral blood flow 
(CBF), which is a measure of blood vol-
ume per unit of brain tissue per unit of 
time; mean transit time (MTT), which 
is a measure of the average amount of 
time it takes blood to travel through a 
given unit of brain; and time to peak 
(TTP), a measure of the time it takes 
for maximum contrast opacification to 
occur for a given unit of brain. 

The amount of at-risk or salvageable 
tissue (the ischemic penumbra) identi-
fied on CTP that becomes revascular-
ized after treatment has been shown 
to correlate positively with clinical 
outcome. It also has been shown that 
regions identified as the infarction 
core on CTP correlate closely to end-
infarcted regions in patients who do get 
revascularized.92-94 

Acutely infarcted tissue (i.e., that 
which is damaged irreversibly) is repre-
sented by regions with diminished CBF 
and CBV, and increased MTT and 
TTP.91,92,95,96 (See Figures 15 and 16.) In 
contrast, the ischemic penumbra may 

Figure 14. Artery  
Schematics

Schematics showing A) normal artery, B) 
stable plaque with thick fibrous cap and 
calcification, C) high-risk plaque with thinned 
fibrous plaque and intra-plaque hemorrhage, 
and D) ruptured plaque with non-occlusive 
thrombus.

Figure 13. Carotid Bulb Stenosis With Intraplaque  
Hemorrhage

A) MR angiography in a patient showing stenosis of the right internal carotid artery at its origin due 
to atherosclerotic plaque. B) Black-blood imaging shows high signal within the plaque, suspicious 
for intra-plaque hemorrhage

Figure 15. Large Matched MCA Core Infarction on CT  
Perfusion

A) NCCT showed a large region of hypoattenuation with loss of gray-white matter differentiation 
and early mass effect evidenced by sulcal effacement. CT perfusion showed a matched deficit in 
cerebral blood volume (B), cerebral blood flow (C), and mean transit time functional maps (D), 
indicating a large ischemic core of irreversibly damaged tissue.
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be represented as “mismatched” regions 
with decreased CBF, prolonged MTT, 
and relatively normal to elevated CBV.91 
(See Figure 17.)

A major challenge with CTP is 
the lack of standardization in post-
processing data and the lack of a clear 
definition of threshold values at which 
infarction core and ischemic penumbra 
are differentiated.94 However, both the 
EXTEND-IA and SWIFT PRIME 
trials used CTP in their selection of 
patients for the study. Both studies 
also used operator-independent post-
processing software to standardize 
interpretation of CTP,8,11 which has 
been shown to increase reproducibility 
and may facilitate the implementation 
of CTP in healthcare settings that are 
not highly specialized academic cen-
ters.95,98 Of note, the recently terminated 
DEFUSE 3 trial also required the use 
of special automated perfusion software 
to calculate mismatch volume.

MR Perfusion-weighted Imaging

Perfusion-weighted imaging (PWI) 
can be performed with the use of intra-
venous contrast, a technique called 
dynamic susceptibility contrast imaging, 
or by a newer technique called arterial 
spin labeling, which does not require the 
use of contrast. Perfusion maps are gen-
erated demonstrating similar parameters 
as those used for CTP. Thus, a thorough 
MR-based stroke evaluation can be 
performed without the use of contrast 
at all.

The infarction core may be identi-
fied using similar parameters as those 
used in CTP, and should correspond 
to the region of DWI abnormality.98-100 
Thus, the identification of at-risk tis-
sue may be represented as a mismatch 
between perfusion abnormalities and 
diffusion abnormalities, with penumbral 
tissue identified by a TTP Tmax of 4-6 
seconds.95,101,102 

Many of the earlier studies investi-
gating the expansion of the treatment 
window in stroke used MR perfusion-
diffusion mismatch to select patients for 
treatment. For example, the EPITHET 
and DEFUSE trials used mismatch to 
select patients for systemic thrombolytic 
therapy outside of the three-hour treat-
ment window, both of which showed 
promising but not definitive results.88,90 

The DEFUSE2 trial was a prospec-
tive cohort study that followed patients 
undergoing endovascular intervention, 

and suggested that there was a strong 
correlation between perfusion mismatch 
and favorable outcomes.90 

Figure 16. Large Core Infarction on CT Perfusion

A) Coronal reformation from a CT angiogram showing occlusion of the left ICA; note the contrast 
opacification of the normal contralateral right ICA. B) A concurrent CT head demonstrated striking 
loss of gray-white matter differentiation. C) A diffusion-weighted image from a subsequent MR 
demonstrates striking diffusion restriction involving the left MCA as well as the bilateral ACA 
and PCA territories. D, E, F) CT perfusion images show a corresponding large matched deficit in 
cerebral blood volume, cerebral blood flow, and prolonged mean transit time indicating irreversibly 
damaged tissue without a significant penumbra of salvageable tissue.

Figure 17. Large Penumbra on CT Perfusion

A, B, C) CT perfusion images showing preserved cerebral blood volume and cerebral blood flow, 
with slightly elevated mean transit time in the right MCA distribution, indicating a large ischemic 
penumbra without a significant core of infarcted tissue. D) A NCCT head in the same patient shows 
a hyperdense right M1 segment, corresponding to acute thrombus. E) The patient was taken for 
endovascular intervention, where a proximal M1 occlusion was confirmed. F) The patient underwent 
successful thrombectomy with excellent restoration of flow within the right MCA.
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Current available evidence suggests 
that MR diffusion-perfusion mismatch 
may remain slightly superior to CTP 
in identifying the infarction core and 
delineating tissue at risk, although CTP 
can provide similar information and is 
much more readily and usually rapidly 
available.95 However, if evaluation is less 
urgent, or if CT imaging is not feasible, 
then MR PWI may be the modality of 
choice for characterizing stroke.

Considerations: CT vs.  
MR Imaging

CT and MR techniques are capable 
of providing similar information for 
structural, vessel, and perfusion imaging, 
although with distinct strengths and 
weaknesses for each type of assessment. 
However, there are intrinsic advantages 
and disadvantages to each modality. (See 
Table 2.)

The clear advantages of CT imaging 
are its widespread availability, rapid-
ity of image acquisition, and relative 
low cost compared to MR imaging. 
Although MRI may be more sensi-
tive for the detection of acute ischemic 
stroke, a non-contrast head CT can 
be performed expeditiously to exclude 
hemorrhage or other potential etiologies 
for a stroke-like syndrome, without the 
burden of delays intrinsic to MR, such 
as metal screening, metal removal, and 
individual sequence acquisition, which 
can delay treatment by as much as 20 to 
50 minutes.103,104 Similarly, in patients 
who may be candidates for stent-
retriever thrombectomy, CTA is much 
more accessible and rapidly acquired 
than MRA for the detection of arterial 

occlusions and interventional planning.
However, a potential pitfall of single-

phase CTA is that with maximization 
of contrast opacification of the proximal 
large arteries, smaller distal collateral 
vessels may be opacified suboptimally 
and, therefore, may not be apparent.68 In 
addition, slow flow within the proximal 
large arteries, for example due to a high-
grade proximal stenosis, may falsely 
give the impression of an occlusion. 
Multiphase time-resolved CTA is an 
alternative technique that may overcome 
some of these pitfalls, typically adding 
equilibrium and late venous phases to 
the arterial phase, thus allowing time for 
contrast filling of collateral vessels and 
of large vessels with slow flow due to 
proximal stenosis.68 However, the added 
radiation exposure from multiple phases 
is a significant clinical concern. In fact, 
one of the greatest downsides of CT 
imaging in general is ionizing radiation 
exposure, although newer scanners can 
acquire diagnostic quality images with 
minimal overall radiation, even with 
added CTA/CTP.68,91 (See Table 3.) 
Additionally, the projected lifetime risk 
of death from cancer attributable to a 
CT angiography study is estimated at 
a mere 0.02-0.04%,106 which is minute 
compared to the much more tangible 
risk of death or disability in a patient 
with major stroke who may have ben-
efited from treatment facilitated by CT 
imaging. 

Although MRA and PWI may be 
performed without the use of intra-
venous contrast, both CTA and CTP 
require intravenous iodinated contrast 
injection. Administering intravenous 

contrast always carries a risk of contrast 
reaction, although serious reactions are 
rare — as low as one to two per 10,000 
examinations with low-osmolarity 
contrast agents107,108 — and the major-
ity happen immediately or soon after 
injection, and are readily identified and 
treated.68 Clinicians and patients alike 
also may be concerned about the risk 
of contrast-induced nephropathy from 
iodinated contrast injection, particularly 
in patients who already have chronic 
renal disease. Although caution still is 
suggested, particularly for patients with 
known severe renal insufficiency who 
are not yet dialysis-dependent, recent 
studies suggest that the clinical signifi-
cance of renal dysfunction attributable 
to intravenous iodinated contrast is 
at best minimal, if at all present, even 
for patients undergoing both contrast-
enhanced CT imaging and endovascular 
intervention, where there is an addi-
tional dye load to consider.109-112

Endovascular Intervention
Earlier studies on endovascular 

intervention vs. standard of care medi-
cal therapy failed to show significant 
benefit, and one, the IMS-III trial, was 
stopped early for futility.67,92,113 These 
studies primarily used early-generation 
thrombectomy devices, and most did 
not have stringent imaging criteria for 
patient selection.

In 2015, five randomized clinical 
trials comparing endovascular inter-
vention to medical management alone 
were published, each of which showed 
significant benefit of treatment for 
patients randomized to intervention 

Table 2. Comparison of CT and MR15,17,19,26,27,95

Computed Tomography Magnetic Resonance
Cost Relatively inexpensive Relatively costly

Ionizing radiation exposure Yes, although modern scanners capable of 
acquiring studies with minimal radiation

No

Time to perform Rapidly acquired images requiring only minutes on 
the table, even if contrast is used

Requires longer time investment, 20 to 40 minutes

Evaluation for hemorrhage Acute hemorrhage readily identified Extremely sensitive with SWI

Stroke detection Less sensitive for hyperacute/acute stroke Extremely sensitive for hyperacute/acute stroke

Contraindications Few contraindications Contraindications for many patients with implanted 
devices, such as pacemakers

Availability Widely and rapidly available Less widely available
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— EXTEND-IA, MR CLEAN, 
REVASCAT, SWIFT PRIME, 
ESCAPE.8-12 (See Table 4 in online 
supplement.) The studies shared many 
similarities in that they used new-gen-
eration, more effective thrombectomy 
devices — predominantly the Solitaire 
stent retriever (Medtronic, previously 
Covidien) — and had strict imaging 
criteria for patient enrollment, mostly 
using advanced imaging techniques, 
including confirmed proximal occlu-
sion on vessel imaging and a small 
infarction core. Several of these studies 
were stopped early for efficacy, and, 
therefore, were insufficiently powered 
for meaningful subgroup analyses. 

Investigators from the trials pooled 
individual patient data for analysis in 
the HERMES meta-analysis, and were 
able to assess for benefit of endovas-
cular therapy for particular subgroups 
of interest.114 The results demonstrated 
that across all studies and patients, 
endovascular therapy was associated 
with significantly reduced disability 
at 90 days compared to control. They 
found the number needed to treat to 
reduce disability by at least one point 
on the modified Rankin scale for one 
patient was only 2.6, and that for every 
100 patients treated, 38 would have a 
less disabled outcome compared to if 
they had received best medical therapy 
alone, and that 20 more would achieve 
functional independence.114 Subgroup 
analysis of pooled patient data demon-
strated no heterogeneity of treatment 
effect (reduced disability by modified 
Rankin score), including in patients 80 
years of age or older, those who were 
randomized more than 300 minutes 
after symptom onset (but primarily 
before 420 minutes), and those who did 
or could not receive systemic throm-
bolytic therapy. The individual studies 
were insufficiently powered for assess-
ment of the efficacy of endovascular 

intervention in patients ineligible for 
systemic tPA; pooled data from 188 
intravenous tPA-ineligible patients 
showed substantial benefit with endo-
vascular therapy, suggesting that endo-
vascular perfusion should be considered 
for large anterior circulation vessel 
occlusions regardless of eligibility for 
systemic thrombolytic therapy.114 (See 
Figure 18.)

Summary and 
Recommendations

The landscape of management for 
acute ischemic stroke has changed 
considerably in recent years, given 
the recent robust evidence in favor of 
endovascular intervention for care-
fully selected patients. Thus, the initial 
evaluation of patients presenting with 
acute ischemic stroke must be directed 
appropriately to identify this popula-
tion, and this evaluation almost invari-
ably will need to include advanced 
imaging techniques. In almost every 
institution, non-contrast head CT will 
remain the first-line imaging study 
to exclude hemorrhage to determine 

patient eligibility for systemic throm-
bolytic therapy. In institutions that 
offer or can transfer to institutions that 
offer endovascular treatment, rapidly 
obtained vessel lumen imaging, and 
possibly perfusion imaging, becomes 
essential. This is especially true for 
patients who are ineligible for systemic 
thrombolytic therapy or who present 
outside of a 4.5-hour or even six-hour 
time frame. While the ideal imaging 
protocol for the initial evaluation of 
acute ischemic stroke may vary depend-
ing on the resources available to any 
given institution, included is a sample 
“brain attack” protocol (see Figure 19 
in online supplement), which illustrates 
succinctly the role each imaging tech-
nique and modality may have to play in 
triaging and aiding decision-making in 
the treatment of acute ischemic stroke.
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CME/CE Questions
1. Which of the following advanced 

imaging findings suggests that 
a patient is a good candidate for 
thrombectomy?
a. Presence of proximal large vessel 

occlusion, large ischemic pen-
umbra, small infarct core 

b. Presence of proximal large vessel 
occlusion, small ischemic pen-
umbra, large infarct core

c. Lack of proximal large vessel 
occlusion, large ischemic pen-
umbra, small infarct core

d. Lack of proximal large vessel 
occlusion, small ischemic pen-
umbra, large infarct core

2. What is the primary utility of 
perfusion-weighted imaging in the 
evaluation of an acute stroke?

a. Excluding hemorrhage
b. Identifying alternate etiologies 

for the patient’s presentation
c. Characterizing clot length and 

location for interventional  
planning

d. Identifying tissue-at-risk sur-
rounding the core infarction 

3. ASPECTS can be readily calcu-
lated from findings on non-contrast 
CT, is correlated with clinical prog-
nosis, and may help select patients 
for endovascular intervention. 
Which of the following statements 
regarding ASPECTS is most 
accurate?
a. It was designed to evaluate the 

extent of posterior circulation 
infarction.

b. Higher ASPECTS indicates 
greater extent of infarction.

c. Higher ASPECTS indicates 
lesser extent of infarction. 

d. It should be the primary consid-
eration when making the deci-
sion to give IV tPA.

4. A shorter clot length on vessel 
lumen imaging is associated with 
which of the following?
a. Greater likelihood of early 

reperfusion after IV tPA 
b. Increased risk of hemorrhagic 

conversion
c. Better prognosis after endovas-

cular intervention
d. Increased resistance to systemic 

thrombolytic therapy
5. On perfusion weighted imaging, a 

region with deficits in all param-
eters — decreased cerebral blood 
volume, decreased cerebral blood 
flow, increased mean transit time, 
and increased time to peak — is 
most indicative of which of the 
following?
a. Tissue at risk for imminent 

infarction
b. Potentially salvageable tissue if 

recanalization is achieved in a 
timely manner

c. Irreversibly infarcted tissue 
d. Irreversibly infarcted tissue and 

a surrounding “penumbra” of at-
risk tissue

6. Current evidence regarding throm-
bectomy with newer generation 

stent-retrievers best supports which 
of the following statements?
a. It is most beneficial for patients 

who have favorable findings on 
advanced imaging. 

b. It should be offered to all 
patients despite imaging  
findings.

c. Is most beneficial for patients 
who have a large core infarction.

d. Does not offer significant 
benefits over standard medical 
therapy.
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MEDICINE REPORTS 

CME/CE Objectives

Upon completion of this 
educational activity, participants 
should be able to:

• recognize specific 
conditions in patients 
presenting to the 
emergency department; 

• apply state-of-the-
art diagnostic and 
therapeutic techniques 
to patients with the 
particular medical 
problems discussed in the 
publication; 

• discuss the differential 
diagnosis of the particular 
medical problems 
discussed in the 
publication; 

• explain both the likely 
and rare complications 
that may be associated 
with the particular medical 
problems discussed in the 
publication.
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Advanced Imaging in Acute Ischemic Stroke

Acute Stroke

A patient who presented 
with an acute stroke. A) 
Axial NCCT shows an area of 
hemorrhage and edema in 
the left frontoparietal region. 
B, C) Axial and coronal CT 
venography demonstrates 
lack of contrast within the left 
vein of Trolard (solid white 
arrows), a major super� cial 
cerebral vein. Note the contrast 
within the contralateral vein 
of Trolard (outlined arrows). 
D) 3D maximum-intensity 
reconstruction from MR 
venography demonstrates the 
same � nding — a normal vein 
of Trolard on the right (outlined 
arrow), which is missing from the 
symptomatic side (solid white 
arrow). Imaging in this patient 
con� rmed the patient’s stroke 
was related to a large cortical 

vein thrombosis resulting in hemorrhagic venous infarction, and not an arterial acute ischemic 
stroke. tPA would be contraindicated.

Hyperdense Middle Cerebral Artery Sign

A) Non-contrast 
head CT showing 
a hyperdense 
proximal right 
M1 segment 
representing 
acute thrombus 
in a patient 
presenting with 
acute stroke. B) 
CTA demonstrates 
the corresponding 
cuto�  of the right 
MCA.

Evolution of MCA Infarction

NCCT images from a patient 
who presented initially to 
an outside hospital showing 
temporal evolution of his 
large right MCA infarction. A) 
Signi� cant mass e� ect already 
is appreciable by two days. 
B) Peak mass e� ect occurred 
at day 4. C) Signi� cant mass 
e� ect persisted through 
day 10. D) Six weeks later, 
mass e� ect has resolved and 
volume loss is appreciable, as 
evidenced by mild ex-vacuo 
dilation of the right lateral 
ventricle.



Supplement to Emergency Medicine Reports, Decmeber 15, 2017: “Advanced Imaging in Acute Ischemic Stroke.” Authors: 
A. John Tsiouris, MD, Associate Professor of Clinical Radiology, Director of MRI, Department of Radiology, Weill Cornell 
Medicine, New York, NY; Jenny Qian, MD, Department of Radiology, Weill Cornell Medicine, New York, NY.
Emergency Medicine Reports’ “Rapid Access Guidelines.” Copyright © 2017 by AHC Media, a Relias Learning company.
Editors: Sandra M. Schneider, MD, FACEP, and J. Stephan Stapczynski, MD. Nurse Planner: Andrea Light, BSN, RN, EMT, 
TCRN, CEN. Executive Editor: Shelly Morrow Mark. Executive Editor: Leslie Coplin. AHC Media Editorial Group Manager: 
Terrey L. Hatcher. Senior Accreditations Officer: Lee Landenberger. For customer service, call: 1-800-688-2421. This is an 
educational publication designed to present scientific information and opinion to health care professionals. It does not 
provide advice regarding medical diagnosis or treatment for any individual case. Not intended for use by the layman.

Sample Brain Attack Protocol for an Institution With Access to Endovascular 
Therapy

Non-contrast head CT
OR

MRI brain without contrast (if rapidly available) — 
should include DWI, SWI, and T2 FLAIR

Suspected acute stroke

Standard management Hemorrhage? IV tPA (if eligible)
Yes No

Proximal occlusion, lack of large 
core infarction, evidence of 

salvageable tissue?

CT angiography (from arch to vertex) 
+/- perfusion

OR
MR angiography head and neck 
+/- perfusion — should include 

black-blood imaging as well as TOF 
with reconstructions

Standard medical 
management

Endovascular intervention in 
addition to standard medical 

management

YesNo

Acute Thalamic Infarction

A, B) Acute right thalamic infarction seen axial MR DWI and ADC images. C) There is a small 
corresponding focus of T2 hyperintensity. D) In retrospect, the infarction is visible as a subtle, ill-
de� ned hypodensity in the right thalamus on the patient’s initial NCCT.

Acute Posterior Cerebral Artery Infarctions

A) Axial image from a non-
contrast head CT demonstrating 
a region of hypoattenuation 
and loss of gray-white matter 
di� erentiation in the right PCA 
territory, compatible with acute 
infarction. B) 3D maximum-
intensity image from TOF MR 
angiography shows a cuto�  of 
the right PCA. C, D) Axial MR 
DWI and ADC images not only 
con� rm the diagnosis, but also 
show additional small infarctions 
in the contralateral left 
occipital lobe, which were not 
appreciated on the initial CT.



Figure 19. Sample Brain Attack Protocol for an Institution With Access  
to Endovascular Therapy

Non-contrast head CT
OR

MRI brain without contrast (if rapidly available) — 
should include DWI, SWI, and T2 FLAIR

Suspected acute stroke

Standard management Hemorrhage? IV tPA (if eligible)
Yes No

Proximal occlusion, lack of large 
core infarction, evidence of 

salvageable tissue?

CT angiography (from arch to vertex)  
+/- perfusion

OR
MR angiography head and neck  
+/- perfusion — should include  

black-blood imaging as well as TOF  
with reconstructions

Standard medical 
management

Endovascular intervention in 
addition to standard medical 

management

YesNo
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Author, Year Campbell et al, 2015 Berkhemer et al, 2015 Jovin et al, 2015 Saver et al, 2015 Goyal et al, 2015 Broderick et al, 2013 Ciccone et al, 2013 Kidwell et al, 2013

Years of 
enrollment

2012-2014 2010-2014 2012-2014 2012-2014 2013-2014 2006-2012 2008-2012 2004-2011

No. enrolled 70 502 206 196 316 656 362 118

Intervention Endovascular 
treatment with 
Solitaire FR 
retrievable stent in 
addition to IV tPA

Endovascular 
intervention (IA 
thrombolysis, 
thrombectomy, or 
both (85% were stent 
retrievers) in addition 
to standard medical 
care

Endovascular treatment with 
Solitaire FR stent retriever in 
addition to standard medical care

Endovascular treatment 
with stent retriever plus 
IV tPA

Endovascular 
treatment with 
thrombectomy plus 
standard of care

Endovascular therapy 
(thrombectomy or 
intra-arterial [IA] 
tPA at discretion of 
the interventional 
neuroradiologist; only 
small proportion used 
stent retrievers) plus 
IV tPA

Endovascular 
therapy (IA tPA, 
mechanical 
clot disruption 
or retrieval, or 
combination of 
approaches)

Mechanical 
embolectomy with 
Merci Retriever 
(Concentric Medical) 
or Penumbra System 
(Penumbra Inc.)

Control IV tPA alone Standard medical care 
alone

Standard medical care alone IV tPA alone Standard of care 
alone

IV tPA alone IV tPA alone IV tPA alone

Advanced 
imaging 
selection

-Occlusion of M1/
M2 identified on CT 
angiography and 
perfusion mismatch 
on CT perfusion

-Occlusion of M1/M2 
or A1/A2 on CTA, MRA, 
or DSA

-Confirmed proximal anterior 
circulation occlusion and absence 
of large core infarction (by 
ASPECTS) on neuroimaging

-Confirmed occlusion 
in the proximal anterior 
intracranial circulation, 
absence of large 
ischemic core, favorable 
perfusion mismatch if 
available

-Proximal 
intracranial 
occlusion in the 
anterior circulation
-Excluded patients 
with large infarct 
core of poor 
collateral circulation 
on imaging

-CT angiography to 
identify occlusion 
allowed later in trial due 
to increased ubiquity

-None -Favorable perfusion 
mismatch profile of 
small infarct core 
and substantial 
ischemic penumbra

Primary 
outcome(s)

-Reperfusion at 24 
hours
-Early neurologic 
improvement (≥ 8-pt 
reduction on NIHSS)

-Modified Rankin Scale 
(mRS) score at 90 days

-mRS score at 90 days -mRS score at 90 days -mRS score at 90 
days

-Functional 
independence (mRS 
score of 2 or less)

Survival free of 
disability (mRS 
score of 0 or 1)

mRS at 90 days

Results -Terminated early 
because of efficacy
-Greater reperfusion 
in intervention 
group (100% vs 37%, 
P<0.001) 
-Increased early 
neurologic 
improvement 
at three days in 
intervention group 
(80% vs 37%, 
P=0.002)
-No significant 
difference in 
rates of death or 
symptomatic ICH

-Shift in distribution of 
mRS score in favor of 
intervention, adjusted 
common odds ratio of 
1.67 (95% CI, 1.21-2.30)
-No significant 
difference in mortality 
or occurrence of 
symptomatic ICH

-Terminated early due to loss of 
equipoise after positive results 
reported from similar trials
-Intervention reduced severity of 
disability over range of mRS scores 
(adjusted OR for improvement of 1 
point, 1.7; 95% CI, 1.05-2.8)
-Higher rates of functional 
independence at 90 days with 
intervention (adjusted OR 2.1, CI 
1.1-4.0)
-No significant difference in rates of 
death or symptomatic ICH

-Terminated early 
because of efficacy
-Intervention reduced 
disability at 90 days over 
entire range of mRS 
scores (P<0.001)
-Higher rate 
of functional 
independence in 
intervention group 
(P<0.001)
-No significant 
difference in 
90-day mortality or 
symptomatic ICH

-Terminated early 
because of efficacy
-Reduced disability 
at 90 days favoring 
intervention 
(P<0.0001)
-Intervention 
increased rate 
of functional 
independence at 90 
days (P<0.001)
-Intervention 
associated with 
reduced mortality 
(P=0.04)
-No significant 
difference in rates of 
symptomatic ICH

-Terminated early for 
futility
-No significant difference 
in rates of functional 
independence 
-No significant difference 
in rates of mortality at 90 
days and symptomatic 
ICH

-No significant 
difference in 
primary outcome 
of mRS
-No significant 
differences in 
fatality rate or 
other serious 
adverse events

-No significant 
difference in primary 
outcome of mRS
-No significant 
difference in 
90-day mortality or 
symptomatic ICH

Table 4. Major Trials Comparing Endovascular Intervention to Medical Therapy
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