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Choosing a Hyperacute Stroke Imaging Protocol for
Proper Patient Selection and Time Efficient
Endovascular Treatment: Lessons from Recent Trials
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Recently, several prospective randomized control trials regarding endovascular treatment
for patients with intracranial large artery occlusions causing acute ischemic stroke have
been successfully reported. Effort to minimize time delays to endovascular treatment, pa-
tient selection and the use of retrievable stent were important factors for the success of
these trials. The inclusion and exclusion criteria for each of these trials did include differ-
ences in imaging protocols. In this review, we focus on the importance of baseline non-in-
vasive angiography prior to deciding endovascular treatment. Then imaging protocols are
described for each trial according to measurement of infarct volume and collateral grading.

Keywords Cerebral infarction; Thrombectomy; Endovascular procedures; X-ray computed

tomography; Magnetic resonance imaging

Introduction

Since about 1995, intravenous recombinant tissue plasmino-
gen activator has been a gold standard for patients with acute
ischemic stroke."” For a diagnosis of acute ischemic stroke, non-
contrast computed tomography (CT) was the only essential test
beyond a clinical assessment based on history of illness, timing
of last seen normal and neurological examination to rule out
mimics and determine if disabling deficits."” Intravenous tissue
plasminogen activator (tPA) has since been shown to have limit-
ed efficacy in the setting of proximal large artery occlusions.*®
Unfortunately, endovascular treatment with first generation de-
vices failed to prove its efficacy®® until the advent of newer
thrombectomy devices known as stent retrieval devices which
resulted in a series of successful randomized clinical trials all
published in 2015.”"

Correspondence: Andrew M. Demchuk
Calgary Stroke Program, Departments of
Clinical Neurosciences and Radiology,
Hotchkiss Brain Institute, University of
Calgary, Calgary, AB, Canada

Email: ademchuk@ucalgary.ca

Received: August 25, 2015
Revised: September 20, 2015
Accepted: September 21, 2015

The authors have no financial conflicts of
interest.

Several factors influenced the success of these recent endovas-
cular treatment (Table 1). Retrievable stents such as (Solitaire
FR [Medtronic, Irvine, CA, USA] and Trevo [Stryker, Kalama-
200, MI, USA]) were a leap in technology that achieved much
higher rates of successful reperfusion than the older technology
such as Merci (Concentric Medical, Mountain View, CA, USA)
or intra-arterial thrombolytic delivery.'*" Trials also mandated
time targets for imaging to groin puncture and imaging to reper-
fusion which forced trial centres to focus on unnecessary delays
and improve efficiencies. Initial CT to intra-arterial puncture
times less than 1 hour were achieved in some these trials.'”*! Pa-
tient selection insured that all subjects had proximal intracranial
occlusions and small or medium sized infarct cores of irrevers-
ible injury at time of baseline imaging. This selection used either
anoncontrast CT (Alberta Stroke Program Early CT score [AS-
PECTS] based), CT angiography (CTA) collaterals or CT per-
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Comparison of key points between failed and successful clinical trials regarding endovascular treatment for acute ischemic stroke

Collateral criteria Onset to puncture ~ Stent retriever  mTICI 2b/3  Ordinal shift mRS*

Study name Large artery occlusion  Infarct core/perfusion
Previous failed clinical trials
IMS-3° N.R. N.R.
SYNTHESIS Expansion’ NR. N.R.
MR RESCUE® CTA or MRA Core <90 cc(>1.43)
Recent successful clinical trials
MR CLEAN® CTA N.R.
ESCAPE™ CTA NCCT, CBV or
CBF ASPECTS >6
SWIFT PRIME" CTA or MRA Core® <50mL(>1.8)"
NCCT ASPECTS =6
EXTEND IA" CTA or MRA Corg" <70mL(>1.2)"
REVASCAT" CTA or MRA NCCT ASPECTS >7

DWIASPECTS =6

N.R. 249 min 1.2% 41% N.S.
N.R. 225min 12.7% NA. N.S.
N.R. 381 min 0% 27% N.S.
N.R. 260 min 82% 59% 17(12-23)
(Good/moderate 185 min* 86% 72% 26(1.7-38)
N.R. 184 min* 100% 88% 26(16-4.4)
N.R. 210 min 100% 86% N.A.
N.R. 269 min 100% 66% 17(1.1-28)

*Common odds ratio; "Target mismatch ratio; *Sum of median of parameters; *The ischemic core was assessed by MRI or CT: "The ischemic core was defined by regional cere-

bral blood flow on CT perfusion or diffusion-weighted imaging.

mTICI, modified Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale; N.R., not required; N.S., not significant; N.A., not available; CTA, computed tomography angi-
ography; NCCT, noncontrast computed tomomgraphy; CBV, cerebral blood volume; CBF, cerebral blood flow; MRA, magnetic resonance angiography.

fusion (CTP) approach to insure that large core subjects were
excluded from randomization. Previous failed studies targeted
patients with acute ischemic stroke based on noncontrast CT
only which led to the inclusions of subjects without acute intra-
cranial large artery occlusions.'®'” One challenge with interpret-
ing the S endovascular randomized trials is the use of slightly
different imaging protocols that were used to insure selection of
small to medium infarct cores.'"*** What are the pros and cons of
these different protocols to help a centre determine which is
most appropriate for their setting?

In this review, we will evaluate these protocols by examining
common components such as baseline non-invasive angiogra-
phy and different components such as infarct volume and col-
lateral grading,

Baseline non-invasive angiography
occlusion detection

Previous failed trials

Among patients with acute ischemic stroke, the target for en-
dovascular treatment are large artery proximal occlusions involv-
ing the carotid artery, middle cerebral artery, or basilar artery.
This was not a pre-requisite for enrollment in the 3 major clinical
trials published in 2013.%® This resulted in enrollment of nonoc-
cluded subjects unlikely to derive any benefit from endovascular
treatment.'®'” The IMS-3 and SYNTHESIS Expansion studies
did not use baseline CTA or magnetic resonance angiography
(MRA) but rather chose imaging criteria typically performed
for intravenous tPA decision making of just noncontrast CT.*” In
the IMS-3 trial only 334/434 (77%) subjects underwent endo-
vascular treatment despite being randomized to the endovascu-
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lar arm because many had no or distal target occlusions that were
not amenable to treatment (supplemental figure 1 in reference
6).° The IMS-3 subpopulation that did undergo baseline CTA
and had an intracranial large artery occlusions (LAO) did have a
tendency toward better outcomes with endovascular treat-

ment.>

Recent successful trials

Recent successful clinical trials appropriately targeted sub-
jects with intracranial LAO involving the anterior circulation by
either baseline CTA or MRA. In all trials a crucial inclusion cri-
teria was the confirmation of intracranial LAO at baseline.'®**
In REVASCAT, this criteria was taken one step further by man-
dating a vascular imaging study only after intravenous tPA ad-
ministration for 30 minutes.”” This was put in place to capture
subjects refractory to intravenous tPA induced early recanaliza-
tion. Similarly, in MR CLEAN, a vast majority of subjects re-
ceived only noncontrast CT imaging at baseline at the initial
hospital prior to intravenous tPA so as to not delay standard
treatment. These subjects were then administered intravenous
tPA if eligible and subsequently transported to an endovascular
hospital. At the endovascular hospital they then had vascular
imaging performed (usually 60-90 minutes after intravenous
tPA) which explains the large time difference between intrave-
nous tPA bolus and randomization seen in MR CLEAN. Both
trials resulted in a control population that was “tPA refractory”
in many cases resulting in low rates of good outcomes in the
control arms. The major difficulty with this approach adopted
by REVASCAT and MR CLEAN was the longer median times
to reperfusion seen compared to other trials which performed

baseline vascular imaging at the same time as initial noncontrast
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CT in most cases.

Among LAO locations, proximal M1 occlusions were very ef-
ficacious in both ESCAPE and SWIFT PRIME."**"* Whereas
the involvement of the internal carotid artery was one of the
most efficacious occlusion locations with endovascular treat-
ment in several of the trials, a large effect size warrants further
post-hoc analysis. Involvement of the cervical carotid artery was
also associated with a dramatic benefit for endovascular treat-
ment in ESCAPE (common odds ratio 9.6 [2.6-35.5])."

Baseline infarct core volume estimation

CT or MRI ASPECTS

Endovascular revascularization treatment should be done
when the extent of salvageable brain tissue is significant and the
extent of irreversible injury still modest. On this ground, evalu-
ation of small core detection has been used to select proper pa-
tients. A pragmatic approach to infarct core estimation is using
a semiquantitative early ischemic change ASPECTS methodol-
ogy."” This can be easily done without any specific software us-
ing only noncontrast brain CT or diffusion-weighted imaging
(DWI) sequence of magnetic resonance imaging (MRI).” The
major challenge of noncontrast CT ASPECTS is the low in-
terobserver reliability reported by several groups.”*”’ Early isch-
emic change detection by ASPECTS is least reliable when the
noncontrast CT scan is performed very early from symptom
onset ( <90 minutes) at a time when the Hounsfield Unit drop
from ischemia is still modest and therefore barely perceptible to
the human eye.”® ASPECTS has been shown to predict clinical
outcome after intravenous or intra-arterial revascularization
treatments in previous studies.””*" An ASPECTS 6-10 or 7-10
selection was successful at demonstrating the benefit of endo-
vascular treatment in three recent trials (ESCAPE, SWIFT
PRIME, and REVASCAT).*'""* The only recent endovascular
trial that randomized subjects without an ASPECTS threshold
was MR CLEAN. In this trial the subgroup analysis by baseline
ASPECTS suggested no treatment effect in those subjects with
ASPECTS 4 or less (OR 1.09 [0.14-8.46]).

DWI ASPECTS with MRI may be more reliable and predic-
tive of clinical outcome than noncontrast CT ASPECTS* but
was rarely performed in the five recent endovascular trials. A
DWI ASPECTS was applied in both SWIFT PRIME and the
REVASCAT study. A DWI ASPECTS score less than 6 was an
exclusion criterion in both SWIFT PRIME and REVASCAT.
REVASCAT had a similar tiered approach to an ASPECTS
threshold determined by age. ASPECTS score less than 7 was
an exclusion if age less than 81 and ASPECTS score less than 9
was an exclusion if age 81 and 85. Given the predominance of

http://dx.doi.org/10.5853/j0s.2015.17.3.221
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CT over MRI in the recent endovascular trials, the role of MRI
and DWI as first imaging tool should remain limited to sites
who can perform such studies while maintaining door to reper-
fusion times that are comparable to noncontrast CT/CTA as

the first imaging approach.

Infarct core volume

Infarct core volume determination has emerged as one way to
determine reperfusion treatment eligibility. This can be accom-
plished with DWI the easiest by automated imaging software or
by semi-quantitative hand drawing. Controversy remains as to
what apparent diffusion coefficient threshold should be used as
core volume. An apparent diffusion coefficient threshold of
600 x 10° mm?/s is generally used and does correlate well with
clinical outcomes.® The recent endovascular trials, however, rare-
ly used DWI volumes for patient eligibility because of the strong
emphasis in limiting delays best accomplished by a first imaging,
noncontrast CT/CTA approach. Only the SWIFT PRIME trial
enrolled by MRI criteria in a portion of cases (n=33). CTP was
the primary imaging tool used for measurement of infarct core in
two of the endovascular trials with the assistance of an automated
software tool entitled RAPID (iSchemaView, Menlo Park, CA,
USA).* Among CTP parameters, the ischemic core was defined
as regional cerebral flow less than 30% of that in normal tissue in
the EXTEND-IA" whereas regional cerebral blood volume or
delayed time to the peak of the residual function was used to
identify ischemic core in previous studies.***” Comparing the two
trials that used core volume, SWIFT PRIME chose a lower cutoff
of core volume to exclude patients (> 50 mL) while EXTEND-
IA chose a higher cutoff of >70 mL.***' Both trials included mis-
match criteria comparing core volume to a penumbra threshold.
The importance of assessing mismatch versus core volume alone
remains unclear from the trials. One could argue that all endovas-
cular trial subjects with carotid or M1 occlusions are likely to have
apenumbra that is much larger than the core if the core volume is
small given the territory an internal carotid or proximal middle
cerebral artery supplies ( >250 mL in most cases). RAPID-aided
core volume threshold in a proximal occlusion would seem the
simplest way to determine endovascular eligibility. This approach
seems to rival a simpler noncontrast CT ASPECTS approach.
The major limitation of CTP as the selection tool of choice is the
additional time and radiation exposure required by the test. CTP
data is also frequently corrupted by patient motion limiting its
generalizability. The speed of patient enrollment was much faster
in the clinical trials that did not mandate CTP for patient eligibili-
ty reflecting the limitations of this approach.
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Leptomeningeal collateral grading with
single or multiphase CTA

There is a large body of evidence to suggest that leptomenin-
geal collaterals play a very crucial role in maintaining blood flow
to brain regions distal to an arterial occlusion.™ Imaging assess-
ment of leptomeningeal collaterals in humans relies on an indi-
rect assessment of the extent and rate of backfilling of pial arter-
ies receiving blood flow through small inter-arteriolar connec-
tions.** Significant intracerebral hemorrhage risk (25.0%) has
been seen in patients with poor pial collaterals especially when
recanalization is achieved.** A number of CTA-based collater-
al scoring systems have been published which correlate collater-
al extent with clinical outcome. Good collateral status as as-
sessed by CTA was significantly associated with small initial in-
farct volume, reduced infarct expansion, and more favorable
functional outcomes.”***’ CTA also has the added advantage
of estimating collaterals backfilling for both anterior-middle ce-
rebral artery and posterior-middle cerebral artery collaterals.
This is not possible with selective carotid injections during an-
giography which do not provide information on collateral back-
filling from the posterior circulation to middle cerebral artery
via posterior cerebral artery. In the IMS-3 trial, baseline CTA
collaterals were a robust determinant of final clinical outcome
with maximal benefit for endovascular treatment seen in pa-
tients with intermediate collaterals.** The ESCAPE trial was the
first acute stroke trial to utilize CTA-based collateral assessment
for patient selection. ESCAPE excluded patients with poor or
no collaterals in greater than 50% of the middle cerebral artery
territory."” The trial allowed standard single phase CTA but en-
couraged use of multiphase CTA. Single phase CTA is a snap-
shot in time that can miss crucial pathophysiology such as de-
layed collateral backfilling™" that is best appreciated with imag-
ing several seconds after peak arterial phase acquisition. Multi-
phase CTA generates time-resolved cerebral angiograms of
brain vasculature from the skull base to the vertex in three phas-
es after contrast injection by movement of the CT gantry over
the cranium three times approximately 8 seconds apart. Multi-
phase CTA was slightly better in the prediction of clinical out-
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come than currently used techniques such as noncontrast CT,
single phase CTA, and CTP.** In ESCAPE collateral assessment
augmented noncontrast CT ASPECTS interpretation. Site in-
vestigators were urged to review noncontrast CT early ischemic
changes using ASPECTS in combination with and in the con-
text of the CTA collateral assessment. Large regions of early
ischemic change (low ASPECTS) were taught to be questioned
if collaterals appeared robust throughout the same regions. Fur-
ther refinement of CTA collateral grading is needed for ease of

use by clinicians.

How to choose amongst several imaging
protocols for endovascular treatment
decision making

Noncontrast CT, single phase CTA (1 step, 1 contrast)
Most institutions have their own unique imaging protocols to
properly select patients with acute ischemic stroke for revascu-
larization treatment (Table 2). The combination of noncontrast
CT and CTA is the most pragmatic approach most frequently
used in the recent endovascular trials. It can easily be performed
in only a few minutes and provides sufficient information to de-
termine suitability for endovascular treatment in most scenari-
os. The detection of an occlusion in an intracranial large artery
is essential to endovascular treatment decision making. In the
MR CLEAN study, this approach was all that was required and
the study was successful. The noncontrast CT/CTA approach
relies heavily on ASPECTS and collateral assessment to rule out
subjects with large ischemic cores. An ASPECTS cutoff of 4 and
below appears to identify the large core group. In MR CLEAN
no evidence of treatment effect was seen with endovascular
treatment in the ASPECTS 0-4 group. Further studies are need-
ed, however, in this low ASPECTS group especially when ultra-
early reperfusion achieved ( <3 hours from onset) before we
conclude endovascular treatment is always futile in this low AS-
PECTS population. Collateral assessment using single phase
CTA has limitations as it may underestimate the extent of col-
lateral flow due to early imaging after bolus. Despite this limita-
tion it certainly can complement noncontrast CT ASPECTS as

Evaluations of several imaging protocols regarding patient selection for endovascular treatment

Imaging approach NCCT/sCTA NCCT/mCTA NCCT/CTA/CTP mMRI
Time efficiency (short door-to-reperfusion time) FhH o - +
Detection of large artery occlusions HHH HHH HH +H+
Ischemic core estimation + + +H+ -
Technical difficulties (motion/mistimed bolus) +H HHH + +
Safety from radiation dose +H + + -

NCCT, noncontrast computed tomomgraphy; sCTA, single phase computed tomography angiography; mCTA, multiphase computed tomography angiography; CTP, computed to-

mography perfusion; mMRI, multimodal magnetic resonance imaging.
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shown in the ESCAPE trial.

Noncontrast CT, multiphase CTA (1 step, 1 contrast)

A combination of noncontrast CT and multiphase CTA is a
refinement of the basic noncontrast CT/single phase CTA ap-
proach. The effectiveness of this protocol has been proven by
the ESCAPE study. The study showed both a significant reduc-
tion in mortality and a shift toward better outcomes on modi-
fied Rankin Scale distribution despite no age limit and a longer
time window (up to 12 hours) than other trials. This protocol
does add about 20 seconds to the CT imaging protocol which
increases radiation dose (approximately 0.5 mSV per additional
phase).

Noncontrast CT, CTA, and CTP (1 step, 2 contrasts)
CTP is a more sophisticated tool that was successfully imple-
mented in two of the endovascular trials. It is capable of deter-
mining infarct core volumes with the use of automated comput-
er software such as RAPID (iSchemaView). The EXTEND-IA
trial reveals how robust CTP based selection can be with the
largest numerical clinical benefit (33% increase in modified
Rankin Scale 0-2, not statistically different than the other trials
though) from endovascular treatment amongst all the trials."”
This large treatment effect could alternatively be explained by
the very high TICI 2b/3 reperfusion rates achieved in the EX-
TEND-IA trial. A treatment cutoff of a small core volume will
select a population with generally good prognosis whatever the
therapy. The control arm of EXTEND-IA had a high proportion
of good outcomes (40%)."” Performing a CTP usually requires a
second bolus of contrast after the CTA. Newer CT technology
can perform a CTA and CTP with the same bolus of contrast al-
though CTA neck imaging usually is not possible with such an
approach. CTP adds a radiation dose of approximately 4 mSV
depending on the CT scanner involved. CTP also adds addi-
tional imaging time (2-3 minutes) and post-processing time (-
15 minutes). Standardization of CTP core volume definition
varies by study and remains contentious. What is the best core
volume measurement (Tmax, cerebral blood flow or cerebral
blood volume) and what is the larger core volume that should
exclude a patient from endovascular treatment? Eloquence of
brain is also a critical factor in determining futility with endovas-
cular treatment. Lesions in the right temporal lobe especially can
be quite large but produce very few neurologic signs. Future tri-
als in the later time windows such as unknown onset of stroke
and wake-up stroke seem excellent populations to maximize the

potential of CTP as a selection tool.****
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Multimodal MRI (1 step, 1 contrast, and longer time)
Despite the simplicity of a noncontrast CT/single phase
CTA or multiphase CTA approach there remains concerns that
patients will be misclassified by such an approach. MRI via
DWT is ideal for showing discrete lesions even in hyperacute
period in the first 2 hours of stroke.”® RAPID (iSchemaView)
has also been developed to shorten the process time for calcu-
lating mismatch volume or ratio in time.* Both DEFUSE-2 and
MR RESCUE have used this protocol.*** The previous MR
RESCUE was a prospective randomized control trial that failed
to document effectiveness of target mismatch.* MR RESCUE
had too long an onset to treatment time and too low a success-
ful reperfusion rate, which limited interpretation of these nega-
tive results. One major issue limiting the use of the multimodal
MRI protocol is added time required. Previous studies have
demonstrated door to needle times that significantly longer
than CT based protocols.**** MRI is likely to also significantly
delay door to reperfusion times. A quick 6-minute protocol may
be part of the answer;** however, other delays prior to imaging
such as screening and preparing the patient for the MRI envi-
ronment add to the time delay. MRI as first line imaging should
be reserved for centres who are extremely efficient in screening,
prepping and performing acute stroke MRI. Close monitoring
of door to reperfusion times are needed to justify this approach

at such centres.

Conclusions

With the recently successful endovascular treatment trials it is
time to evaluate the optimal imaging protocol for acute dis-
abling stroke. Vascular imaging with CTA is essential to confirm
an intracranial LAO and can also provide collateral flow infor-
mation without further imaging (single phase CTA). Noncon-
trast brain CT scans can be used to estimate infarct volume with
ASPECTS system as well as to exclude patients with hemor-
rhagic stroke. Additional imaging such as multiphase CTA or
CTP can increase confidence estimating infarct core. Multi-
phase CTA has the advantage of simplicity since it only adds
about 20 seconds to the single phase CTA protocol. CTP may
not be necessary in the first six hours from onset where the effi-
cacy of endovascular treatment is clearly proven. It may have a
crucial role for more careful patient selection required for wake-
up strokes and late window. Future trials are planning to use
CTP for selection in these settings. Multimodal MRI is still an
option at highly efficient centres as long as door to reperfusion
times rival what can be now accomplished with NCCT/multi-
phase CTA protocols.
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