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Imaging-based Selection for Endo-
vascular Treatment in Stroke

Treatment of acute ischemic stroke (AIS) has evolved significantly 
in the past few years. Endovascular treatment (EVT) is now proved 
to be efficacious up to 24 hours from onset in properly selected 
patients. The recently updated 2018 American Heart Association–
American Stroke Association guidelines reflect the important 
role of imaging in triage and patient selection for EVT of AIS. 
Pretreatment imaging in patients with acute stroke should (a) allow 
assessment for intracranial hemorrhage and demonstrate (b) the 
extent of early ischemic changes, (c) the presence of large arterial 
occlusion, and (d) in some cases potential salvageable tissue before 
the decision to proceed with EVT. The authors review how mul-
timodality imaging can be used for EVT selection in the context 
of the recent guidelines. They highlight the importance of having 
streamlined imaging workflows that are integrated with clinical de-
cision making to maximize treatment efficiency. Knowledge of the 
various imaging criteria including perfusion imaging used for EVT 
selection is highlighted. The authors discuss variable imaging para-
digms used for selection of patients in the early and late windows 
(who present before vs after 6 hours from onset of symptoms), 
as reflected in the latest guidelines and in relation to their level of 
evidence. Finally, they focus on challenges in the subgroups of pa-
tients who were excluded from recent EVT trials and with limited 
evidence to prove the efficacy of EVT, such as patients with low 
NIHSS (National Institutes of Health Stroke Scale) score, distal 
occlusion, or large ischemic core.
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After completing this journal-based SA-CME 
activity, participants will be able to:

■■ Describe the imaging paradigms for pa-
tient selection for EVT of AIS according 
to the recent AHA-ASA guidelines.

■■ List imaging criteria used for EVT 
selection in patients with AIS who pre
sent in the early (<6 hours) or late (6–24 
hours) window.

■■ Discuss subgroups of patients with AIS 
in whom there currently is not sufficient 
evidence for performance of EVT.

See rsna.org/learning-center-rg.

SA-CME Learning Objectives

Introduction
Endovascular treatment (EVT) is now established as a potent 
treatment option for patients with acute ischemic stroke (AIS) 
with large-vessel occlusion (LVO) involving the anterior circula-
tion. In 2015, six randomized trials—MR CLEAN (1), ESCAPE 
(2), REVASCAT (3), SWIFT PRIME (4), EXTEND-IA (5), and 
THRACE (6)—revolutionized acute stroke care by demonstrating 
that EVT is an effective treatment for patients with AIS and LVO 
in the “early window” (ie, within 6 hours from symptom onset). In 
2018, two additional successful trials—DAWN (7) and DEFUSE 3 
(8)—extended EVT into the “late window” (ie, up to 24 hours from 
symptom onset) (Table). The overwhelmingly positive results of 
these trials have led to changes in treatment guidelines and wide-
spread adoption of EVT (9).

Although trials varied in eligibility criteria, such as time of 
symptom onset, prestroke level of functioning, and clinical severity 
of stroke symptoms, all the trials had a clear focus on fast, effective, 
and safe reperfusion in AIS patients selected with well-integrated 
imaging strategies. Use of multimodal imaging for patient selection 
and triage was a critical component, thereby placing imaging data in 
the center of treatment decisions.
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technique include level of clinical evidence for its 
use in patient selection, constraints of time and 
cost, ease of access and availability, and institu-
tional preference. The ultimate goal of neuroim-
aging in patients with AIS is to optimize patient 
selection for safe and efficient EVT. The value 
of imaging is directly dependent on whether the 
information gained is worth the time spent (10), 
given the time sensitivity of reperfusion therapies 
for efficacy.

Computed Tomography
Since earlier treatment leads to greater benefit 
(11,12), the AHA recommended that initial 
brain imaging be performed within 20 minutes 
of arrival in the emergency department in at 
least 50% of patients who may be candidates for 
thrombolysis or thrombectomy (9). A multimodal 
CT-based workup (13,14) consists of nonen-
hanced CT to rule out intracranial hemorrhage 
and depict early ischemic changes, CT angiog-
raphy to detect LVO, and perfusion CT to assess 
the ischemic core and penumbra.

For determination of the extent of early isch-
emic changes at nonenhanced CT, the Alberta 
Stroke Program Early CT Score (ASPECTS) is 
commonly used (www.aspectsinstroke.com). The AS-
PECTS scale uses a 10-point negative ordinal scor-
ing system for the middle cerebral artery (MCA) 
territory, with a score of 10 indicating a normal 
result and with one point subtracted for each ab-
normal region (15). Despite successful application 
of ASPECTS in several clinical trials, there remains 
some concern about interobserver variability even 
for experienced neuroradiologists (16–18).

In potential candidates for EVT, a noninvasive 
vascular study of intracranial circulation (level 
Ia) and extracranial arteries (level IIa) is recom-
mended during the initial imaging evaluation (9). 
CT angiography was used as the primary vascu-
lar imaging method in the recent endovascular 
trials to identify LVO as the target for EVT (19). 
Also, CT angiography provides useful additional 
information about the aortic arch anatomy, tortu-
osity of the supra-aortic arteries, and the pos-
sibility of tandem proximal stenosis to facilitate 
treatment planning and achieve safer and faster 
reperfusion in patients with acute stroke (20).

Finally, perfusion CT can be performed to 
assess the extent of the penumbra and also the 
ischemic core. The perfusion CT maps can be 
visually evaluated for subjective assessment of 
the ischemic core (ie, severe decrease in cerebral 
blood volume [CBV]) (21,22) and operational 
penumbra (eg, CBV-MTT [mean transit time] 
mismatch) (20,23). To provide more objective as-
sessment of the ischemic core and penumbra and 
reduce observer variability, several investigators 

Teaching Points
■■ The ultimate goal of neuroimaging in patients with AIS is to 

optimize patient selection for safe and efficient EVT. The value 
of imaging is directly dependent on whether the information 
gained is worth the time spent, given the time sensitivity of 
reperfusion therapies for efficacy.

■■ In patients with suspected anterior circulation LVO of less than 
6 hours, nonenhanced CT and CT angiography can provide 
sufficient imaging information to determine EVT candidacy.

■■ In late-window patients with LVO presenting 6–24 hours 
after symptom onset or with unknown stroke onset, perfu-
sion imaging provides additional information about the pre-
dicted core, salvageable penumbra, and mismatch to select 
patients who are more likely to benefit from treatment at later 
times from onset.The success of the late-window DAWN and 
DEFUSE 3 trials has catapulted perfusion imaging into routine 
clinical practice.

■■ Another imaging parameter that can be used in patient selec-
tion is collateral circulation. A growing body of literature sug-
gests that collateral status allows prediction of tissue outcome. 
The role of collateral flow in treatment selection may be most 
relevant in the extended window to distinguish ischemia with 
fast versus slow progression to irreversibility.

■■ In the era of endovascular therapy, advanced imaging plays 
a critical role in selection of patients with AIS for treatment. 
Consistent with current guidelines, nonenhanced CT and CT 
angiography are likely sufficient for EVT selection in the early 
window (<6 hours). For the late window (6–24 hours), addi-
tional perfusion imaging (perfusion CT or DWI and perfusion 
MRI) is helpful to assess the ischemic core—and possibly the 
penumbra and mismatch—for treatment decision making. 
Subgroups of patients remain for whom evidence is lacking 
about optimal treatment, including those with low NIHSS 
score, large ischemic core, or distal occlusion. Regardless of 
the imaging modalities and strategies at individual institu-
tions, efficient imaging workflow must be established to pro-
vide faster treatment.

In this article, we summarize the imaging 
modalities available for AIS patients with a focus 
on the updated 2018 American Heart Associa-
tion (AHA)–American Stroke Association (ASA) 
guidelines. We also discuss how available imaging 
strategies can guide treatment selection in the new 
era of EVT. All physicians involved in management 
of stroke patients (radiologists, neurologists, emer-
gency physicians, and neurointerventionalists) 
need to be familiar with the most recent guidelines 
and understand how to use imaging for treatment 
selection in patients with AIS.

Neuroimaging
Neuroimaging for acute stroke encompasses 
parenchymal imaging to assess the ischemic 
changes and the presence of intracranial hemor-
rhage, vascular imaging to assess the patency of 
major arterial branches of the neck and brain, 
and perfusion imaging to assess salvageable brain. 
A wide variety of imaging techniques—CT or 
MRI based—are available to assess eligibility for 
EVT. Important considerations for the choice of 
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Enrollment and Imaging Criteria Used in Eight Trials of EVT for AIS

Trial

Treatment 
Window 

(h)
Imaging 

Modalities
Defining Early Ischemic 

Changes or Core Vascular Imaging
Perfusion Imaging and Cri-

teria (if Used)

MR CLEAN 6 CT 1/3 of MCA territory, no 
ASPECTS

CTA No

EXTEND-IA 6 CT Core < 70 mL using per-
fusion CT

CTA Perfusion CT
Core < 70 mL
Absolute mismatch volume 

> 10 mL
Mismatch ratio > 1.2

ESCAPE up to 12 CT ASPECTS ≥ 6 Multiphasic 
CTA: col-
lateral ≥ 50% 
of MCA pial 
circulation*

No

SWIFT  
PRIME

6 MRI, CT CT or MRI ASPECTS 
≥ 6

CTA or MRA Perfusion CT or perfusion 
MRI

Core < 50 mL, mismatch 
> 1.8†

REVASCAT up to 8 MRI, CT CT ASPECTS ≥ 7
MRI ASPECTS ≥ 6

CTA or MRA Perfusion CT–CBV 
ASPECTS or perfusion 
CT–SI ASPECTS in pa-
tients >4.5 h from onset

THRACE 5 MRI, CT 1/3 of MCA territory, no 
ASPECTS

CTA or MRA No

DAWN 6–24 MRI, CT Core ≤ 20 mL if age > 80 y
Core ≤ 30 mL if age < 80 y 

and NIHSS score 10–20
Core ≤ 50 mL if age < 80 y 

and NIHSS score > 20

CTA or MRA Core at MRI: ADC < 620 
3 10−3 mm2/sec

Core at perfusion CT: rela-
tive CBF < 30%

DEFUSE 3 6–16 MRI, CT Core ≤ 70 mL
Mismatch ≥ 15 mL, mis-

match ratio ≥ 1.8

CTA or MRA Core at MRI: ADC < 620 
3 10−3 mm2/sec

Core at perfusion CT: rela-
tive CBF < 30%

Tmax > 6 sec for penumbra

Note.—ADC = apparent diffusion coefficient, ASPECTS = Alberta Stroke Program Early CT Score, CBF = 
cerebral blood flow, CBV = cerebral blood volume, CTA = CT angiography, MCA = middle cerebral artery, 
MRA = MR angiography, NIHSS = National Institutes of Health Stroke Scale, SI = source image, Tmax = time 
to maximum.
*Dichotomized as good or moderate versus poor or absent.
†Used only initially before the criteria were revised to use ASPECTS.
A few important points about these trials in terms of imaging utilization:

1. �One consistent imaging criteria across all of the trials was use of vascular imaging to identify LVO, which 
was defined as intracranial carotid or M1 occlusion in all of the trials. Some trials included M2 occlusion 
for enrollment (SWIFT PRIME and EXTEND-IA), and MR CLEAN included both anterior cerebral 
artery (ACA) and M2 occlusions.

2. �In determination of ischemic changes and the ischemic core, MR CLEAN had the most minimalistic imaging 
approach, using nonenhanced CT just to ensure that no large infarction existed (without using ASPECTS). 
EXTEND-IA was the only trial that used perfusion imaging to define the ischemic core (<70 mL) consis-
tently for enrollment of all patients. SWIFT PRIME also used perfusion imaging to calculate the ischemic 
core (<50 mL) during the early enrollment stage before revision was made to switch to ASPECTS.

3. �Among trials that used nonenhanced CT ASPECTS as an enrollment criterion, CT ASPECTS ≥ 6 was 
used in ESCAPE and SWIFT PRIME and CT ASPECTS ≥ 7 was used in REVASCAT. Three trials en-
couraged MRI use when available, although the only trial that predominantly enrolled patients using MRI 
was THRACE.

4. The only trial that used CT angiography collateral status as an enrollment criterion was ESCAPE.
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have worked on providing quantitative perfusion 
CT with automated software.

Most recent work has suggested use of rela-
tive cerebral blood flow (CBF) for defining the 
ischemic core, with threshold values ranging 
between 30% and 45% (24–26). For defini-
tion of the ischemic penumbra, Tmax (time to 
maximum) > 6 seconds has been proposed as 
an indication of critical hypoperfusion (24,27). 
The EVT trials that used perfusion imaging as 
a selection criterion used automated software 
to quantify the core and mismatch in a time-
efficient manner. We further discuss perfusion 
CT later in the article and how it can be used 
for treatment selection in the late window (6–24 
hours from symptom onset or last known well).

Comprehensive stroke imaging with nonen-
hanced CT, CT angiography, and perfusion CT 
takes only a few minutes and can be performed 
with almost all current scanners. CT has distinct 
advantages over MRI, such as widespread avail-
ability, speed of acquisition, and cost-effective-
ness. For this reason, CT is the imaging work-
horse in the vast majority of stroke centers.

MR Imaging
To be comparable to CT, a comprehensive MRI 
protocol should include diffusion-weighted imag-
ing (DWI) for detecting early ischemic changes, 
fluid-attenuated inversion-recovery (FLAIR) 
and gradient-echo (GRE) imaging for detecting 
intracranial hemorrhage (28), MR angiography 
for assessing vessel status, and perfusion MRI for 
assessing penumbral tissue. The major advan-
tage of MRI is the DWI sequence, which is the 
most sensitive imaging modality for evaluating 
early ischemia and provides level I evidence for 
assessing the ischemic core (29,30). DWI is the 
recommended sequence in patient selection for 
late-window thrombectomy.

Automated software can calculate the volume 
of the ischemic core using quantitative ADC 
(apparent diffusion coefficient) values of <600 
3 10−3 mm2/sec (31–33). After thrombectomy or 
spontaneous reperfusion, there is a variable rise 
in ADC values of the ischemic bed; therefore, the 
infarct volume should ideally be assessed using 
DWI or FLAIR images rather than ADC maps. 
GRE imaging alone or in combination with 
FLAIR imaging has excellent diagnostic accuracy 
in detection of acute intracranial hemorrhage, 
comparable to that of CT (28,34).

As with CT angiography, MR angiography 
can provide essential information about the LVO. 
Large-field-of-view vascular imaging of the neck 
and brain using contrast-enhanced MR angiog-
raphy also depicts extracranial vascular anatomy 
and pathologic conditions such as tandem 

stenosis or dissection, thus informing the inter-
ventionalist of the procedural strategy or exclud-
ing patients from EVT on the basis of undue 
risk. However, MR angiography without contrast 
material (such as time-of-flight MR angiography) 
can be limited by motion-related artifact and 
longer acquisition time and sometimes results in 
inadequate image quality for assessing the origin 
of supra-aortic arteries.

As with CT, perfusion MRI can also be per-
formed in a comprehensive stroke protocol to as-
sess the penumbra. One major advantage of MRI 
is that, by obtaining an accurate estimate of the 
ischemic core with DWI, perfusion MRI is used 
only to estimate the penumbra, often by using Tmax 
> 6 seconds (35). This is advantageous over perfu-
sion CT, where additional information is needed 
to identify both the ischemic core and penumbra, 
sometimes with mixed results (36–39).

The biggest practical disadvantages of MRI 
protocols include sparse availability and delayed 
workflow related to required patient screening 
and longer acquisition time (40,41). Although 
fast 6-minute MRI stroke protocols have been 
described (42), there are often delays related to 
the logistical challenges of implementing MRI in 
everyday clinical practice. The general consensus 
is that MRI should be used for EVT selection 
only in institutions that are capable of achieving 
speed and triaging efficiency similar to what can 
be accomplished with CT-based imaging.

With the recent positive results of the WAKE-
UP trial (43), which used DWI–FLAIR imaging 
mismatch to select patients for extending the time 
window for intravenous thrombolysis, stroke cen-
ters now need the capability of performing timely 
MRI studies in a subset of the patients who would 
be eligible for delayed thrombolytic treatment (Fig 
1). An earlier study also showed that quantitative 
mismatch of DWI and FLAIR imaging results can 
be used as the basis for safe thrombolytic treat-
ment of patients with unwitnessed stroke (44). 
In addition, perfusion imaging (perfusion CT or 
perfusion MRI) has been used for successful treat-
ment of wake strokes with thrombolytic treatment, 
according to recently published results of the 
EXTEND trial (45).

Collateral Status
Collateral flow status information can also be as-
sessed noninvasively with vascular imaging such 
as CT angiography (46,47) or MR angiography 
(48,49). It is now well known that poor baseline 
collaterals are associated with a larger ischemic 
core and worse functional outcomes (50,51).

CT angiography is the most commonly used 
imaging modality for assessing the extent of collat-
erals, given its broad use in the prethrombectomy 
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setting. Two commonly used scoring systems are 
the Tan score (0 = no collaterals, 1 = <50% of the 
affected MCA territory, 2 = ≥50% but <100%,  
3 = 100%) (52,53) and the Maas scale (1 = 
absent, 2 = less than contralateral side, 3 = equal 
to contralateral side, 4 = greater than contralateral 
side, 5 = exuberant) (54). While the prognostic 
importance of collateral assessment with CT angi-
ography in patients with AIS has been established, 
consensus is lacking on the optimal imaging tech-
nique and number of phases required and its role 
in modifying treatment effect. Some investigators 
have shown variable degrees of improvement by 
using multiphase CT angiography (55–57); others 
suggest that single-phase CT angiography may be 
sufficient (51,58).

Contrast-enhanced MR angiography pro-
vides similar performance as CT angiography in 
terms of delineation of intracranial arteries and 
collateral assessment after a dynamic acquisition 
with injection of gadolinium contrast material 
(48,49,59). On the other hand, the flow-related 
signal of time-of-flight MR angiography is 
mainly depicted via antegrade flow; therefore, 
this technique provides only modest informa-
tion about the collateral flow (49,59). Maximum 
intensity projection (MIP) images from CT 
angiography or MR angiography are useful to 
provide rapid visual assessment of the extent of 
collaterals (Fig 2).

Recent analyses of the MR CLEAN and 
Interventional Management of Stroke III trials, 
while underpowered, suggest a potential role 
for collateral assessment in identifying patients 
likely or unlikely to benefit from EVT (1,60). 

Figure 1.  DWI–FLAIR imaging mismatch in an 84-year-old woman with unknown onset of acute stroke who presented with left-
sided weakness and a baseline NIHSS (National Institutes of Health Stroke Scale) score of 10. (a) Axial nonenhanced CT image ob-
tained on arrival is negative for infarction. Results of CT angiography were also normal (not shown). (b, c) Axial diffusion-weighted 
image (b) shows restricted diffusion in the right thalamus (arrow) without associated T2 hyperintensity on an axial FLAIR image (c), 
consistent with DWI–FLAIR imaging mismatch. The patient received an infusion of tissue plasminogen activator on the basis of the 
WAKE-UP trial results and improved to an NIHSS score of 3.

Also, the ESCAPE investigators successfully used 
moderate-to-good collateral scores at multiphase 
CT angiography as a criterion to enroll patients 
for EVT and showed treatment benefit over 
medical therapy (2). It is well known that patients 
with poor collaterals have a faster infarct growth 
rate (fast progressors) (Fig 2), and those with 
good collaterals are able to sustain the ischemic 
bed longer (slow progressors). For thrombec-
tomy candidates who are being transferred from 
primary care to a comprehensive stroke center, 
repeat imaging may sometimes be warranted to 
identify the fast progressors with poor collaterals.

Collateral information can also be assessed 
with perfusion imaging, including perfusion CT 
(61,62) or perfusion MRI (63,64). A recent study 
showed no significant association between col-
laterals and penumbral volume, indicating that 
although collaterals have good negative correlation 
with the final infarct volume, they have limited 
significance as a marker of salvageable tissue (65).

Quantitative assessment of cerebral blood 
volume (CBV) within the ischemic bed allows 
prediction of angiographic collaterals. Relative 
CBV, obtained by comparing the CBV of the 
purported ischemic bed to the CBV in normally 
perfused brain regions, has been shown to cor-
relate with angiographic collateral status (66). 
In addition, the perfusion collateral index has 
been defined as relative CBV times the volume 
of moderate hypoperfusion—defined by a tissue 
delay of 2–6 seconds—as an indication of robust 
collaterals (64).

The main purpose of a perfusion study using 
perfusion CT or perfusion MRI is to outline the 
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Figure 2.  Poor collaterals resulting in rapid infarct progression in a 78-year-old man with left MCA syndrome and baseline NIHSS 
score of 21. (a) Axial nonenhanced CT image obtained within 1 hour from symptom onset shows ASPECTS of 8 (subtle hypoattenua-
tion in the left insular cortex [white arrow] and the posterior limb of the internal capsule [black arrow]). (b, c) Axial thick-slab MIP CT 
angiograms show left M1 occlusion (arrow in c) with poor collaterals in the left MCA territory. (d) Coronal digital subtraction angio-
gram shows the left M1 occlusion (arrow). (e) Angiogram shows successful thrombectomy (TICI [Thrombolysis in Cerebral Infarction] 
scale grade 2c) performed within 90 minutes from initial CT. (f) Follow-up axial diffusion-weighted image shows a large established 
left MCA territorial infarct despite successful EVT, demonstrating the importance of collateral circulation.

salvageable brain tissue (ischemic penumbra) and 
ischemic core. The relevance of perfusion imag-
ing varies on the basis of the time window since 
symptom onset.

Imaging Workflow
Regardless of the type of imaging modality, it is 
imperative for stroke centers to have an optimal 
imaging workflow that is integrated with clini-
cal decision making to minimize the time penalty 
and maximize the efficiency of treatment delivery 
to stroke patients. It is recommended that intra-
venous thrombolysis be performed in qualified 
patients using a parallel process (in imaging units) 
while further advanced imaging such as CT angi-
ography and perfusion CT is being performed.

It is critical that CT angiography–perfusion 
CT or MR angiography–perfusion MRI is per-
formed as quickly as possible, and performance 
of vascular or perfusion imaging should not delay 
performance of intravenous thrombolysis in eli-
gible patients. According to the 2018 AHA-ASA 
recommendations, it is reasonable to perform 
vascular imaging before performing a renal func-
tion test in patients without a history of renal 
impairment (level IIb) (12). This stems from 
evidence demonstrating a relatively low risk of 
transient contrast material–induced nephropathy 
secondary to CT angiography in the absence of a 
history of renal impairment (67–69).

Radiologists and technologists play a pivotal 
role in streamlining the workflows of both image 
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acquisition and interpretation and should be an 
integral part of the stroke team. Having multi-
component quality improvement programs and 
multidisciplinary engagement of emergency 
physicians, neurologists, radiologists, and neuro-
interventionalists improves treatment times and 
outcomes.

Imaging-based Treatment Selection
As we enter the paradigm-shifting era of acute 
stroke care, the pressing question is how to deliver 
this time-critical therapy to patients who need it 
and how to optimize stroke imaging. On the basis 
of the most recent AHA-ASA guidelines, any AIS 
patient with significant neurologic deficits (NIHSS 
score ≥ 6) who presents with LVO within 24 hours 
may be a potential candidate for EVT, depending 
on his or her imaging profile.

The primary purpose of imaging in patient 
selection is to identify patients with favorable 
risk-benefit ratios. The 2015 and 2018 EVT trials 
have now established care in two broad time cat-
egories: the early window (<6 hours from symp-
tom onset or last known well) and late window 
(6–24 hours from symptom onset or last known 
well). In this section, we describe imaging selec-
tion based on time from stroke onset to presenta-
tion of less than 6 hours versus 6–24 hours.

Early Window (<6 Hours)
In patients with suspected anterior circulation 
LVO of less than 6 hours, nonenhanced CT and 
CT angiography can provide sufficient imaging 
information to determine EVT candidacy (Fig 3). 
Patients with occlusion of the intracranial internal 
carotid artery (ICA) and/or M1 and absence of a 

Figure 3.  EVT selection in the early time window (<6 hours) using nonenhanced CT and CT angiography in a 74-year-old woman 
with right MCA syndrome and baseline NIHSS score of 26. Time from onset to CT was 47 minutes. (a) Axial nonenhanced CT 
image shows ASPECTS of 9 (hypoattenuating insula [arrow]). (b) Axial thick-slab MIP CT angiogram shows right M1 occlusion 
(arrow). (c) Coronal digital subtraction angiogram shows the right M1 occlusion (arrow). (d) Angiogram shows successful me-
chanical thrombectomy (TICI scale grade 2c) achieved within 78 minutes from nonenhanced CT. (e) Follow-up diffusion-weighted 
image shows infarction along the right MCA distribution.
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Figure 4.  MRI for EVT selection in the early window in a 61-year-old woman with left hemiparesis and NIHSS 
score of 12 approximately 3 hours from last known well. (a) Axial diffusion-weighted image show small areas of 
infarction along the right MCA distribution. (b) Axial contrast-enhanced thick-slab MIP MR angiogram shows 
occlusion of right M1 (arrow). (c) Axial Tmax map from perfusion MRI using a 6-second threshold shows a large 
penumbra (yellow). (d) Axial contrast-enhanced thick-slab MIP MR angiogram after thrombectomy shows re-
canalization of the right MCA.

large infarct core at nonenhanced CT (ASPECTS 
≥ 6) are considered safe candidates for EVT. If 
MRI workup is used, DWI ASPECTS ≥ 6 and 
establishing LVO with MR angiography can be 
used (3,4). Enrollment and imaging criteria used 
in eight EVT trials are summarized in the Table.

Additional imaging beyond nonenhanced CT 
and CT angiography may be performed for patients 
presenting within 6 hours of symptom onset (Fig 
4). Several early-window trials used some form of 
additional imaging other than nonenhanced CT 
and CT angiography to determine EVT candidacy. 
These included perfusion imaging (perfusion CT or 
perfusion MRI) to estimate ischemic core volume 
of <50 mL in a subset of SWIFT PRIME (4) and 
<70 mL in EXTEND-IA (5) or multiphase CT an-
giography to determine moderate to good collater-
als in ESCAPE (2). However, MR CLEAN (1) and 
THRACE (6) did not use any advanced imaging 
criteria other than nonenhanced CT and CT angi-
ography, and REVASCAT (3) used nonenhanced 
CT ASPECTS ≥ 6 only for patient selection. 
Hence, according to the AHA-ASA guidelines, ad-
ditional imaging other than nonenhanced CT and 
CT angiography may not be necessary in patients 
presenting within 6 hours.

The disadvantages of additional imaging (in-
cluding perfusion imaging) in the early window 
include potential for delay of treatment and inap-
propriate exclusion of patients who may benefit 
from EVT if additional imaging–based eligibility 
criteria are applied. However, in the 2018 up-
dated AHA guidelines, the statement “no neces-
sity for perfusion imaging in <6 hours group” 
was removed for reevaluation (70). Since the 
majority of patients with LVO presenting in the 
early window may have penumbral mismatch, it 
is unclear whether performance of perfusion im-
aging is worth the time, and the role of perfusion 
imaging in the early time window will require 
clarification in future studies.

Late Window (6–24 Hours)
Current data do not definitively support using 
nonenhanced CT alone in treatment selection. The 
HERMES pooled analysis (11), which included 
the five trials MR CLEAN, ESCAPE, REVAS-
CAT, SWIFT PRIME, and EXTEND-IA, showed 
a decline in treatment effect with time beyond 7 
hours after symptom onset when nonenhanced 
CT and ASPECTS were used for treatment selec-
tion. REVASCAT, which randomized patients by 
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ASPECTS ≥ 6, also showed a substantial decrease 
in treatment effect with time (71). MR CLEAN, 
which used nonenhanced CT for parenchymal 
imaging, demonstrated that the effect of treatment 
was lost when the time from symptom onset to 
reperfusion was longer than 6 hours (72).

In late-window patients with LVO presenting 
6–24 hours after symptom onset or with un-
known stroke onset, perfusion imaging provides 
additional information about the predicted core, 
salvageable penumbra, and mismatch to select 
patients who are more likely to benefit from treat-
ment at later times from onset. The success of the 
late-window DAWN and DEFUSE 3 trials has 
catapulted perfusion imaging into routine clinical 
practice. According to the updated AHA-ASA 
guidelines, perfusion CT (in addition to nonen-
hanced CT and CT angiography) or MRI (DWI, 

perfusion MRI) is recommended to aid in patient 
selection for EVT when patients meet the eligibil-
ity criteria of DAWN and DEFUSE 3 (level I).

DAWN used clinical (NIHSS score) and 
imaging (estimated ischemic core volume using 
perfusion CT or DWI up to 50 mL) mismatch 
to determine EVT candidacy between 6 and 24 
hours from symptom onset (7). DEFUSE 3 used 
perfusion-core mismatch and maximum core size 
estimated up to 70 mL as imaging criteria to se-
lect patients with anterior circulation LVO 6–16 
hours from symptom onset (8). Both DAWN and 
DEFUSE 3 used automated perfusion CT with 
thresholds of CBF < 30% for the ischemic core 
and Tmax > 6 seconds for penumbral volume (Figs 
5, 6). The imaging criteria used in DAWN and 
DEFUSE 3 are summarized in the Table. How-
ever, the reliability of quantitative perfusion CT 

Figure 5.  EVT selection in extended window (6–24 hours) in a 57-year-old man with right MCA syndrome and 
baseline NIHSS score of 10–11 who presented 18 hours after last known well. (a) Axial nonenhanced CT image shows 
hypoattenuation in the putamen, insula, and temporal lobe (arrows) (ASPECTS of 7). (b, c) Axial perfusion CT images 
with application of two thresholds (relative CBF < 30% for ischemic core and Tmax > 6 seconds for penumbra) shows 30 
mL of ischemic core (purple in b) and penumbra of 102 mL (green in c). On the basis of the extended-window results in 
DAWN, the patient underwent EVT. (d) Coronal digital subtraction angiogram shows right distal M1 occlusion (arrow). 
(e) Angiogram shows successful thrombectomy (TICI scale grade 3). (f) Follow-up diffusion-weighted image shows a 
stable infarct without growth.
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needs further improvement in terms of accuracy 
(38,73) and interrater agreement among different 
postprocessing software (74).

Figure 7 shows an example of MRI selection 
for EVT in the late window.

Restrictive imaging criteria used in DAWN 
and DEFUSE 3 may limit the generalizability 
of their results in routine daily practice. There is 
growing evidence that patients with LVO within 
6–24 hours may still benefit from EVT outside 
the eligibility criteria of DAWN and DEFUSE 3 
(75) (level IIB, nonrandomized data); however, 
current AHA-ASA guidelines (9) state that these 
eligibility criteria should be strictly adhered to in 
clinical practice pending the results of future ran-
domized clinical trials in this subgroup. Figure 8 
shows an example of wake-up stroke with perfu-
sion CT and DAWN criteria used for selection of 
EVT for M2 occlusion.

Another imaging parameter that can be used 
in patient selection is collateral circulation. A 
growing body of literature suggests that collat-
eral status allows prediction of tissue outcome 
(60,76,77). The role of collateral flow in treat-
ment selection may be most relevant in the ex-
tended window to distinguish ischemia with fast 
versus slow progression to irreversibility. Good 
collaterals can sustain ischemic tissue, resulting in 
smaller volume of established core and decreased 
infarct growth in the extended window (78). At 
CT angiography, moderate-to-good collateral 
circulation is generally defined as filling of 50% 
or more of the MCA pial arterial circulation.

This dichotomized criterion was used in ES-
CAPE to enroll early-window patients for EVT 
with a successful result (2). ESCAPE investiga-
tors also used the same criterion to enroll 49 
patients with stroke beyond 6 hours (up to 12 

Figure 6.  Perfusion imaging for EVT selection in extended window in a 54-year-old woman with left M1 occlusion (not shown) and 
baseline NIHSS score of 11 who presented 9 hours after symptom onset. (a) Axial nonenhanced CT image shows a normal ASPECTS 
of 10. (b) Axial perfusion CT image after application of two thresholds (relative CBF < 30% for ischemic core and Tmax > 6 seconds for 
penumbra) shows 41 mL of penumbra (yellow) with no detectable ischemic core. (c) Coronal digital subtraction angiogram shows 
left M1 occlusion (arrow). (d) Angiogram shows successful thrombectomy (TICI scale grade 3) within 1 hour of initial CT. (e) Follow-
up axial diffusion-weighted image shows a small infarct.



1706  October Special Issue 2019	 radiographics.rsna.org

hours from onset). The treatment effect in this 
group favored the EVT group but did not reach 
statistical significance in this small group of 
patients. The 2018 AHA-ASA guidelines suggest 
that it may be reasonable to incorporate col-
lateral flow status into clinical decision making 
in some candidates to determine eligibility for 
mechanical thrombectomy (level IIB). Addi-
tional trials are required to fully establish use of 
collateral flow status to determine eligibility for 
EVT (79).

Patient Subgroups  
with Limited Evidence

In this section, we highlight challenges in sub-
groups that were excluded from recent EVT trials 

or in which there is not enough evidence to prove 
the efficacy of EVT.

Low NIHSS Score
Most thrombectomy trials used an NIHSS score 
threshold of greater than 6 as a selection crite-
rion for determination of EVT candidacy. Only 
14 of 1740 patients in the recent randomized 
controlled trials had a low baseline NIHSS score 
(≤5) (11,80). The discrepancy between having an 
LVO and a low NIHSS score less than 6 is often 
due to excellent collateral circulation. Although 
natural history data are limited, several studies 
suggest a poor outcome in this cohort due to 
later neurologic deterioration (81,82). Multiple 
nonrandomized studies have also suggested a 

Figure 7.  Use of MRI to determine ischemic core for EVT selection in late window in a 74-year-old man with right-sided weakness 
and baseline NIHSS score of 7. Time from onset to initial CT was 17 hours. (a) Axial nonenhanced CT image shows no infarction 
with ASPECTS of 10. (b) Coronal thin-section MIP CT angiogram shows complete occlusion of the petrocavernous and clinoid seg-
ments of the left internal carotid artery (white arrow) with reconstitution of flow at the carotid bifurcation (black arrow). The pa-
tient was transferred to our institution for possible mechanical thrombectomy. MRI was performed to determine the ischemic core.  
(c) Axial diffusion-weighted image shows multiple punctate border zone infarcts in the left hemisphere. (d) Coronal digital subtrac-
tion angiogram shows the occlusion of the left internal carotid artery (arrow). (e) Angiogram shows successful thrombectomy (TICI 
scale grade 2c). The patient was discharged with an NIHSS score of 0.
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Figure 8.  EVT of M2 occlusion in a 44-year-old man who presented with left MCA syn-
drome and NIHSS score of 11 the morning of admission with unclear last known well. He 
had posterior branch left M2 occlusion at CT angiography (not shown). (a, b) Axial non-
enhanced CT images show hypoattenuation in the left insula and temporal lobe (arrows in 
b) with ASPECTS of 8. (c, d) Axial perfusion CT images after application of two thresholds 
(relative CBF < 30% for ischemic core and Tmax > 6 seconds for penumbra) show 36 mL of 
estimated ischemic core (red in c) and 90 mL of penumbra (yellow in d). Perfusion CT can 
be helpful to diagnose M2 division occlusions, which are sometimes difficult to detect at 
CT angiography, especially for the nonradiologists on the stroke team. (e) Coronal digital 
subtraction angiogram shows the left M2 occlusion (arrow). (f) Angiogram shows success-
ful thrombectomy (TICI scale grade 3) within 2 hours from initial CT. (g) Follow-up axial 
diffusion-weighted image shows a stable infarct in the distribution of the left M2 territory.

benefit of EVT in LVO patients with low NIHSS 
score (83).

Some centers perform CT angiography in all 
stroke patients, irrespective of baseline NIHSS 
score, thus identifying LVO patients with low 
NIHSS score, who could potentially benefit 
from immediate EVT rather than rescue throm-
bectomy later after neurologic deterioration (Fig 
9). Two prospective randomized trials—ENDO-
LOW (Endovascular Therapy for Low NIHSS 
Ischemic Strokes) and MOSTE IN EXTREMIS 
(Minor Stroke Therapy Evaluation in Explora-

tion of the Limits of Mechanical Thrombectomy 
Indications in a Single Action)—have been initi-
ated to compare immediate mechanical throm-
bectomy versus initial medical management in 
patients with AIS and low NIHSS score of 0–5 
due to LVO. The results of these trials will likely 
provide more clarity regarding the benefit of 
EVT in this subgroup.

Distal Occlusion
Current data support EVT in patients with LVO 
including of the internal carotid artery (intra-
cranial or extracranial) and MCA M1 segment. 
Patients with M2 occlusions were included 
in several trials (1–3,5); however, they were a 
minority. Post hoc HERMES analysis of EVT 
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Figure 9.  EVT of stroke with low NIHSS score in a 53-year-old man with aphasia and baseline NIHSS score of 1. Time from 
onset to CT was 2.5 hours. (a) Axial nonenhanced CT image shows normal ASPECTS of 10. (b) Axial CT angiogram shows left 
M2 occlusion (arrow). (c) Axial perfusion CT image after application of two thresholds (relative CBF < 30% for ischemic core and  
Tmax > 6 seconds for penumbra) shows 56 mL of penumbra (yellow) with no detectable ischemic core. The patient received tissue 
plasminogen activator but had worsening aphasia 30 minutes later. (d) Coronal digital subtraction angiogram shows the left M2 
occlusion. (e) Angiogram shows successful thrombectomy (TICI scale grade 2b) (arrow) within 3 hours from initial CT. (f) Follow-
up axial diffusion-weighted image shows no restricted diffusion along the described distribution.

of M2 occlusions (67 of 818 patients vs 64 of 
828 treated with medical therapy) showed better 
functional outcome in those treated with EVT, 
although the difference did not reach statistical 
significance (84). A sizable M2 occlusion (M1-
like M2 occlusion) will likely benefit from EVT 
(85,86) (Figs 8, 9).

For more distal MCA occlusions, such as 
of M3, and anterior cerebral artery occlusions, 
consensus is lacking on the effectiveness and 
safety of EVT. As skill levels increase even further 
and devices become even safer, distal occlusions 
including M2 occlusions may become even more 
amenable to EVT.

Large Ischemic Core
Currently, there is no level I evidence on treating 
AIS patients with a large ischemic core, often de-
fined as ASPECTS < 6 or ischemic core volume 
greater than 50–70 mL (Fig 10). However, grow-
ing evidence suggests that EVT may be beneficial 
in patients with a large ischemic core, including 
those with CT or MRI ASPECTS of 3–5 or 
estimated core volume greater than 50–70 mL at 
DWI or perfusion CT (87–89). Recent post hoc 
HERMES analyses, based on individual patient 
data from early-window trials, demonstrated 
improved outcome after EVT for the small subset 
of patients enrolled with large ischemic cores, 
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measured as ASPECTS < 6 and infarct greater 
than one-third of the MCA territory (84) and 
ischemic core greater than 70 mL at perfusion 
CT or MRI (90) (Fig 11).

Further randomized controlled trials are needed 
to determine whether advanced imaging paradigms 
using perfusion CT, CT angiography, perfusion 
MRI, and DWI, including measures of infarct 
core, collateral flow status, and penumbra, will be 
beneficial for selecting patients with large predicted 
cores. Results of the ongoing LASTE (Large 
Stroke Therapy Evaluation) IN EXTREMIS trial 
are likely to provide further data on this subset 
of patients. Another important factor to consider 
beyond the core volume is infarct topography 
and whether the predicted core involves eloquent 
cortex, again a fertile area for future research.

Posterior Circulation LVO
Posterior circulation LVOs are rare and rep-
resent only 5% of all LVOs (91–93). To our 
knowledge, there are no randomized controlled 
trials of EVT for acute stroke caused by poste-
rior circulation LVO.

In the basilar artery, mechanical thrombectomy 
has been associated with lower recanalization 
rate and more procedural complications than in 
anterior circulation strokes (94,95). In a retrospec-
tive review of 24 basilar artery occlusions, suc-
cessful recanalization was associated with a more 
favorable mRS (modified Rankin scale) score at 
90 days (96). A meta-analysis of 31 studies sum-
marizing 1358 patients with basilar artery occlu-
sion who were treated with EVT and/or fibrino-
lysis failed to show sufficient evidence to make a 

Figure 10.  Large ischemic core with no EVT in a 68-year-old woman who presented with left MCA syndrome in 
the morning (wake-up stroke) and baseline NIHSS score of 14. (a) Axial nonenhanced CT image shows widespread 
hypoattenuation and loss of gray-white matter differentiation throughout the left MCA distribution (ASPECTS of 3). 
(b) Axial CT angiogram shows M1 occlusion (arrow) and poor collaterals to the infarcted area. (c) Axial perfusion CT 
image after application of two thresholds (relative CBF < 30% for ischemic core and Tmax > 6 seconds for penumbra) 
shows 71 mL of estimated ischemic core (purple). (d) Axial perfusion CT image after application of two thresholds 
(relative CBF < 30% for ischemic core and Tmax > 6 seconds for penumbra) shows 122 mL of penumbra (green). EVT 
was not performed given the large core. (e) Follow-up axial diffusion-weighted image shows the final infarct, which 
involves almost the entire MCA distribution.
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management recommendation; however, the EVT 
group nonetheless had a significantly higher rate of 
independence (90-day mRS score, 0–2) than the 
group without EVT (95).

The primary results of the randomized Basilar 
Artery Occlusion Chinese Endovascular Trial 
(BEST, NCT02737189) were presented at the 
2018 World Stroke Congress and suggested that 
patients treated with EVT achieved significantly 
better outcomes than patients treated with medical 
management alone. However, these results have not 
been published at this time. Currently, emergent 
EVT is reasonable for posterior circulation LVOs 
to maximize the chance of a good clinical outcome 
(AHA class IIa, level of evidence B-NR) (93).

LVO beyond 24 Hours
Experience with EVT of anterior circulation 
LVO after 24 hours is limited (97). The evidence 

is insufficient to guide recommendations. Al-
though there are evidence-based guidelines for 
imaging strategies for EVT selection, real-world 
practice regarding imaging paradigms varies 
substantially. A recent study surveying experts in 
the field including experienced vascular neurolo-
gists and neurointerventionalists highlighted this 
discordance (98). However, there is consensus 
that time is of paramount importance and that 
imaging needs to be efficient in terms of both 
performance and interpretation of results to give 
individual AIS patients the best chance for ben-
efit from this powerful treatment.

Conclusion
In the era of endovascular therapy, advanced im-
aging plays a critical role in selection of patients 
with AIS for treatment. Consistent with current 
guidelines, nonenhanced CT and CT angiogra-

Figure 11.  Large ischemic core treated with EVT in a 48-year-old man with left MCA syndrome and baseline NIHSS 
score of 26. Time from onset to CT was 4 hours. (a) Axial nonenhanced CT image shows an evolving acute infarct with 
ASPECTS of 5. (b, c) Axial perfusion CT images after application of two thresholds (relative CBF < 30% for ischemic 
core and Tmax > 6 seconds for penumbra) show 72 mL of estimated ischemic core (red in b) and 122 mL of penumbra 
(yellow in c). Given the patient’s young age, the decision was made to proceed with mechanical thrombectomy despite 
the large core. (d) Coronal digital subtraction angiogram shows left carotid terminus occlusion (arrow). (e) Angiogram 
shows successfully recanalization (TICI scale grade 3) within 97 minutes from initial CT. (f) Follow-up axial diffusion-
weighted image shows the large infarct along the left MCA distribution.
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phy are likely sufficient for EVT selection in the 
early window (<6 hours). For the late window 
(6–24 hours), additional perfusion imaging 
(perfusion CT or DWI and perfusion MRI) is 
helpful to assess the ischemic core—and possi-
bly the penumbra and mismatch—for treatment 
decision making. Subgroups of patients remain 
for whom evidence is lacking about optimal 
treatment, including those with low NIHSS 
score, large ischemic core, or distal occlusion. 
Regardless of the imaging modalities and strate-
gies at individual institutions, efficient imaging 
workflow must be established to provide faster 
treatment.
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