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ABSTRACT
Objective To summarize the current literature
regarding the initial hospital management of patients
with acute ischemic stroke (AIS) secondary to emergent
large vessel occlusion (ELVO), and to offer
recommendations designed to decrease the time to
endovascular treatment (EVT) for appropriately selected
patients with stroke.
Methods Using guidelines for evidenced-based
medicine proposed by the Stroke Council of the
American Heart Association, a critical review of all
available medical literature supporting best initial
medical management of patients with AIS secondary to
ELVO was performed. The purpose was to identify
processes of care that most expeditiously determine the
eligibility of a patient with an acute stroke for
interventions including intravenous ﬁbrinolysis with
recombinant tissue plasminogen activator (IV tPA) and
EVT using mechanical embolectomy.
Results This review identiﬁes four elements that are
required to achieve timely revascularization in ELVO. (1)
In addition to non-contrast CT (NCCT) brain scan, CT
angiography should be performed in all patients who
meet an institutional threshold for clinical stroke severity.
The use of any advanced imaging beyond NCCT should
not delay the administration of IV tPA in eligible
patients. (2) Activation of the neurointerventional team
should occur as soon as possible, based on either
conﬁrmation of large vessel occlusion or a prespeciﬁed
clinical severity threshold. (3) Additional imaging
techniques, particularly those intended to physiologically
select patients for EVT (CT perfusion and diffusion–
perfusion mismatch imaging), may provide additional
value, but should not delay EVT. (4) Routine use of
general anesthesia during EVT procedures, should be
avoided if possible. These workﬂow recommendations
apply to both primary and comprehensive stroke centers
and should be tailored to meet the needs of individual
institutions.
Conclusions Patients with ELVO are at risk for severe
neurologic morbidity and mortality. To achieve the best

possible clinical outcomes stroke centers must optimize
their triage strategies. Strategies that provide patients
with ELVO with the fastest access to reperfusion depend
upon detail-oriented process improvement.
INTRODUCTION
Within the past year, clinical trials have established
American Heart Association (AHA) Class 1 Level A
Evidence demonstrating the clinical beneﬁt of
modern endovascular therapy,1–5 in addition to
best medical therapy for patients with acute ischemic stroke (AIS) presenting with emergent large
vessel occlusion (ELVO). These studies reiterate
that time to revascularization remains an important
factor in any effort to achieve good clinical outcomes. Hence, it is now imperative to focus on
innovations in the delivery of care and process
improvements to create rapid access to both therapies, each critically time dependent.6–8 Secondary
analysis of the MR CLEAN trial shows that the
beneﬁt of revascularization decreases non-linearly
with time.8 It is important to remember that the
effect of time reported in this trial is a summation
of all patient outcomes, and the decline in the likelihood of a good outcome for any individual
patient may be even more profound. Therefore, the
goal of intervention is to achieve revascularization
as quickly as possible for the beneﬁt of the patient.

DEFINITIONS/ABBREVIATIONS
AIS – acute ischemic stroke
ASPECTS – Alberta Stroke Program Early
Computed Tomographic Scoring
BRISK – Brisk Recanalization Ischemic Stroke Kit
CPSS – Cincinnati Pre-hospital Stroke Scale
Clinical Penumbra – term that implies a discordance between the clinical severity of a stroke and
the volume of irreversibly injured brain (infarct
core)
CSC – comprehensive stroke center
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CTA – CT angiography
CTP – CT Perfusion
Delivery Innovation – efforts made improve the quality and efﬁciency of care delivery
Door to CT time – time interval between patient arrival at PSC
or CSC and CT acquisition
Door to Needle Time – time interval between patient arrival at
PSC or CSC and IV tPA bolus
Door to puncture time – time interval between patient arrival at
PSC or CSC and groin access for embolectomy at CSC
DTR – Door to ﬁrst recanalization – time interval between
patient arrival at PSC or CSC and restoration of antegrade ﬂow
in the occluded blood vessel at CSC (usually time of stentretriever deployment)
Door to ﬁnal angiographic run – time interval between patient
arrival at PSC or CSC and ﬁnal angiographic run at CSC at
which time ﬁnal reperfusion score (mTICI) is assigned
DWI – diffusion-weighted imaging
ELVO – Emergent Large Vessel Occlusion
EMS – Emergency Medical Services
ER- Emergency Room
EVT – Endovascular Therapy (such as embolectomy)
Futile infarct – an amount of irreversibly injured brain thought
to be incompatible with a favorable or good outcome (see
MALCOM)
FAST – Face, arm, speech test
GA – general anesthesia (general endotracheal anesthesia
(GETA) also used)
Ischemic Penumbra – oligemic tissue at risk for infarction if
rapid revascularization is not achieved
LAMS – Los Angeles Motor Score
LSW – last seen well (does not imply time of onset)
LVO – large vessel occlusion (typically M1 segment and proximal); some authors may include M1 equivalent (2 M2 segment
occlusions)
MAC – monitored anesthesia care
MALCOM – maximal admission lesion volume compatible with
favorable outcome
NIHSS – National Institute of Health Stroke Scale
NCCT – Non-contrast CT scan
NNT – number needed to treat (1/absolute difference *100)
Onset to treatment time – time interval from stroke onset to
treatment ( particular treatment requires speciﬁcation)
Onset time – when patient last awake and symptom free or
known to be “normal”
Picture to puncture – time interval from non-invasive imaging
conﬁrmation of ELVO (also known as the qualifying image) to
groin puncture
PSC – primary stroke center (i.e. one where EVT is generally
not available)
PSC picture to CSC puncture – see picture to puncture above; an
important PSC:CSC pair stroke target for performance review
PWI – perfusion-weighted imaging (refers to MRI exclusively)
Qualifying Image – this is the image that demonstrates clot
occluding blood ﬂow and deemed to potentially require
embolectomy
Recanalization – reperfusion is achieved by recanalization (reopening the blood vessel) but recanalization does not always
guarantee reperfusion
Reperfusion – preferred term to describe antegrade ﬂow restoration to a cerebral vascular territory. Reperfusion generally
implies recanalization was achieved. The degree of reperfusion
is most commonly categorized, at present, according to the
mTICI score (see below)
2 of 9

RACE – Rapid Arterial oCclusion Evaluation
ROSIER – Recognition of Stroke in the Emergency Room
Stroke of unknown onset – category of strokes in which the time
of onset is unknown thus complicating time threshold treatment
decisions (includes wake-up strokes)
Time of onset – the time a stroke started (as distinct from wakeup and LSW)
mTICI – this denotes the modiﬁed Thrombolysis in Cerebral
Infarction perfusion scale
mTICI 0 – no antegrade ﬂow
mTICI 1 – contrast material passes beyond the area of occlusion but does not opacify the cerebral bed distal to the occlusive lesion
mTICI 2a – <50% opaciﬁcation of the cerebral vascular bed
beyond the lesion
mTICI 2b – >50% opaciﬁcation of the cerebral vascular bed
beyond the lesion
mTICI 3 – complete reperfusion
Wake-up stroke – one category of stroke with an unknown time
of onset

MATERIALS AND METHODS
This document was prepared by the Standards and Guidelines
Committee of the Society of NeuroInterventional Surgery
(SNIS), a multidisciplinary society representing leaders in the
ﬁeld of endovascular therapy for neurovascular disease. The
strength of the evidence supporting each recommendation was
summarized using a scale previously described by the AHA. In
cases where data were insufﬁcient, either no recommendation
was made or a recommendation was made based on the consensus of expert practice experience. Other aspects of this care continuum, such as prehospital management, the role of
endovascular treatment (EVT),9 and post-procedural care, are
dealt with separately.

Discussion and recommendations
For the patient with potential ELVO, we believe there are ﬁve
initial assessment/management goals before endovascular reperfusion therapy:
1. Conﬁrm an AIS (ie, exclude hemorrhage).
2. Determine candidacy for IV tissue plasminogen activator
(tPA) and rapidly administer to all eligible patients.
3. Conﬁrm or exclude the presence of a large vessel occlusion.
4. Determine candidacy for embolectomy, and then activate the
neurointerventional team (if at a comprehensive stroke
center (CSC)), or transfer to a CSC (if patient is at a
primary stroke center (PSC)).
5. Provide optimal medical management to limit infarct expansion until reperfusion is established.
It is also important to note that in many cases, these goals can
be accomplished in parallel. Various stroke process improvement
strategies can be employed to efﬁciently accomplish the above
initial management goals. Since hospital infrastructures vary
between PSCs and CSCs with established endovascular teams,
the goals in this document which are speciﬁc to PSCs are separately highlighted. The SNIS ideal stroke process timelines are
presented in table 1. Although we recognize that most PSCs and
CSCs may not be able to meet these idealized time targets, we
believe the concepts and strategies presented herein will allow
PSCs (door to needle time, PSC to puncture, etc) and CSCs
(door to needle time, door to puncture time, door to ﬁrst recanalization, etc) to achieve these goals within 18–24 months.

McTaggart RA, et al. J NeuroIntervent Surg 2017;9:316–323. doi:10.1136/neurintsurg-2015-011984

J NeuroIntervent Surg: first published as 10.1136/neurintsurg-2015-011984 on 31 August 2015. Downloaded from http://jnis.bmj.com/ on May 21, 2022 by guest. Protected by copyright.

Standards

Table 1 Society of Neurointerventional Surgery suggested stroke
process time metrics*
Action
Door
Door
Door
Door
Door

to
to
to
to
to

physician
NCCT/CTA
stroke team
NCCT interpretation
CTA interpretation

Door to IV tPA
Door to CTP/MRI (optional)
CSC Door to puncture
CSC Door to recanalization
PSC picture to CSC puncture§

Time (min)†

SNIS ‘ideal’ time‡

<10
<25
<15
<45
N/A

On arrival
On arrival
<10 min
<15 min
<20 min
(or 10 min after acquisition)
<30 min
<30 min
<60 min
<90 min
<90 min

<60
N/A
N/A
N/A
N/A

*Assuming emergency medical services prenotification.
†AHA 2013 standard.
‡SNIS ideal.
§Assuming direct transfer to biplane neuroangiography suite when feasible.
AHA, American Heart Association; CTA, CT angiography; CTP, CT perfusion; CSC,
Comprehensive Stroke Center; NCCT, non-contrast CT scan; PSC, Primary Stroke
Center; SNIS, Society of NeuroInterventional Surgery; tPA, tissue plasminogen
activator.

Stroke team activation
Stroke code team activation (‘brain attack’ team of stroke
nursing coordinators, emergency room physician, stroke neurologist, radiologist, CT and/or MR technologists) should be standardized independently of the mechanism by which a patient
with AIS presents (emergency medical services, EMS) transport,
emergency department walk-in, or an in-hospital stroke).
However, speciﬁc processes will be truncated and tailored if a
patient is ﬁrst managed at a PSC rather than a CSC. A dedicated
AIS or ‘brain attack’ (or any chosen name) response team
should always be available to implement the parallel processing
required to optimize care for these patients, rapidly accomplishing the ﬁve initial assessment/management goals. At a minimum,
this activation should occur for all patients with suspected AIS
presenting within 6 h of the time the patient was last seen to be
well.
Recommendation: Early non-contrast CT (NCCT) imaging
and ﬁnal interpretation (ideally, <15 min from presentation to
PSC or CSC) is essential as further stroke care delivery is dependent on the results of this examination (AHA Class I, Level of
Evidence A).
Therefore, nothing apart from hemodynamic instability or
airway concerns should delay transport to the CT scanner.
Ideally, patients should be transported directly from the EMS
arrival entrance to the CT scanner whenever possible. Thus,
EMS prenotiﬁcation to alert the team and ensure the CT
scanner is ready is strongly recommended. Supplemental oxygen
administration and blood pressure measurements are standard
of care considerations but, again, should not delay CT
transport.
The in-house CT technologist must be an integral member of
the ‘brain attack’ response team so that the CT room can be
vacated and prepared for the arrival of the patient with AIS. In
parallel, obtaining large-bore IV access should be of utmost
importance for blood samples, iodinated contrast for CT angiography (CTA) imaging, and most importantly, IV tPA bolus/infusion. However, delays in obtaining IV access should not delay
obtaining the NCCT scan. Early response of the anesthesia
service may help to expedite processes, especially in situations
of patient non-compliance, airway management, hemodynamic

lability, vascular access, and preparation for advanced imaging
and endovascular intervention.
The next two major steps are the administration of IV tPA to
eligible patients and the evaluation of potential large vessel occlusion (LVO) using non-invasive imaging, predominantly CTA.
Centers will have to customize workﬂow, but in general, these
two steps should occur in parallel, as quickly as possible, and
with the understanding that CTA should not delay administration
of IV tPA. Examples of potential workﬂows are as follows:
1. At some centers, routine CTA is part of their workﬂow for
all patients with suspected AIS.
2. For centers where CTA is not part of routine imaging in all
patients with AIS, the local institution should determine a
clinical severity threshold. This may be the National Institute
of Health Stroke Scale (NIHSS) or other severity scale
(Cincinnati Pre-hospital Stroke Scale (CPSS),10 Face, Arm,
Speech Test (FAST),11 Los Angeles Motor Score
(LAMS),12 13 Rapid Arterial oCclusion Evaluation (RACE),14
Recognition of Stroke in the Emergency Room (ROSIER),15
etc). Patients meeting a prespeciﬁed threshold should have
both NCCT and CTA performed upon ﬁrst trip to the CT
scanner.
3. In other centers where IV tPA can be initiated in the CT
scanner (recommended), it would be reasonable to use the
CT scanner room as a stroke treatment suite. In this workﬂow, IV tPA can be initiated before CTA, in the CT scanner.
The common thread in all of these workﬂows is that the
patient does not repeatedly go back to the scanner. These workﬂows can be applied to both PSCs and CSCs.
If there is concern that the prothrombin time/international normalized ratio, either point of care interventional neuroradiology
testing can be performed in the CT suite (where allowed) or in the
laboratory where <20 min turnaround times should be standard
(note that these tests are ineffective for new oral anticoagulants
(direct thrombin or factor Xa inhibitors)). Otherwise, no blood
sample data other than the ﬁnger stick blood glucose are required
to make a decision as to whether to administer IV tPA.

NCCT imaging
NCCT is an excellent means of establishing if a patient with AIS
is a candidate for IV tPA, as it can accurately identify hemorrhage, large areas of infarction with edema, or other ﬁndings
such as large mass lesions, which would preclude IV tPA administration.16–19 However, NCCT is suboptimal for the identiﬁcation of LVOs—a prerequisite to EVT for ELVO. Although the
hyperdense middle cerebral artery sign can indicate LVO,20 it
may not be sufﬁciently sensitive to reliably identify patients with
ELVO, even with thinner slice acquisition and process optimization.21 In addition, NCCT is not as sensitive in the identiﬁcation
of extremely early ischemic change, and this also has implications before EVT, as will be discussed below. Despite efforts to
improve NCCT sensitivity for the detection of early ischemic
change with post-processing of the acquired data (windowing
and leveling)22 and structured scoring systems such as the
Alberta Stroke Program Early CT Score (ASPECTS),23 NCCT
has overall weak sensitivity and interobserver agreement for
detecting early ischemic change.24 25 Nevertheless, NCCT
remains the ﬁrst-line imaging in these patients, primarily
because of its ability to quickly exclude hemorrhage and
ASPECTS extremes (really good scores and really bad scores,
particularly in combination with the CTA collateral score (see
below)), and is probably adequate for most clinical
decision-making.
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IV tPA
Based on the results of the two-part National Institute of
Neurological Disorders and Stroke rtPA Stroke Trials,16 IV tPA
(0.9 mg/kg, maximum dose 90 mg) was approved by the Food
and Drug Administration (FDA) for use in patients with AIS presenting within 3 h of symptom onset. Subsequent trials
(European Cooperative Acute Stroke Study (ECASS) I, ECASS
II, Alteplase Thrombolysis for Acute Noninterventional Therapy
in Ischemic Stroke (ATLANTIS) A, ATLANTIS B) conﬁrmed the
beneﬁt of thrombolytic therapy for patients with AIS and
time-to treatment interactions in individual and pooled analyses.6 26–29 While some studies report that IV tPA is beneﬁcial
up to 6 h from stroke onset, it is only FDA approved within 3 h,
but may be administered up to 4.5 h after the onset of symptoms based on the results of the ECASS III trial.30
Recommendation: Endovascular therapy should complement
and not replace IV administration of recombinant tPA in eligible
patients (AHA Class I, Level of Evidence A).

Acute non-invasive vascular imaging (CTA)
ELVO is an acute vascular emergency ( just like pulmonary
embolism and aortic dissection) that is often clinically devastating31 32 and can predict failure of IV tPA according to its location.33 Identiﬁcation of LVO in association with moderate to
severe acute stroke should prompt consideration of emergency
EVT.1–3 34 CTA, widely available at most hospitals, is a rapid
and reliable method of identifying or excluding LVO in patients
with AIS.
Clinical studies had erroneously suggested that NIHSS thresholds were an adequate surrogate marker to identify patients
with ELVO. However, these early studies might have been
subject to selection bias and the limited availability of emergent
non-invasive brain vascular imaging. In recent clinical studies,
where non-invasive vascular imaging (mostly CTA) was performed routinely in patients with AIS, we have
learned the following:
▸ ELVO is more common than we thought (table 2);
▸ Arbitrary NIHSS cut-off points are too inaccurate to identify
ELVO;
▸ NIHSS accuracy depends on time from onset and LVO
location.
Using a NIHSS cut-off value of 10, more than half of ELVOs
would have been missed in the study by Maas et al35 (48% sensitivity). Heldner et al37 found that a NIHSS cut-off value of 10
would have missed 30% of anterior circulation strokes and 60%
of posterior circulation strokes and that accuracy is reduced at
more delayed time points. Despite the inaccuracy of NIHSS in
predicting ELVO, it has a role as a patient selection mechanism
for endovascular stroke intervention as very low NIHSS with an
ELVO may not require endovascular reperfusion therapy. The
majority of endovascular trials speciﬁed a minimum NIHSS for
enrollment (IMS-3,38 MR CLEAN,1 ESCAPE,2 REVASCAT4
SWIFT PRIME5), and randomized populations with signiﬁcantly elevated mean NIHSS >10. Conﬁrmation of LVO in
Table 2 Studies evaluating the presence of large vessel occlusions
in consecutive patients with acute ischemic stroke
Series
Maas et al
Hansen et al36
Heldner et al37
35
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Year published

Sample size(N)

Incidence of LVO n (%)

2009
2014
2013

699
637
2152

377 (54)
183 (29)
1043 (48)

patients with low NIHSS, has important clinical implications,39
although optimal management of patients (either with EVT or
medically) remains unknown.
On modern helical CT scanners, a CTA scan from the aortic
arch to the cranial vertex can be performed rapidly, usually in
15–20 s. It has high diagnostic yield (>50%)40 and the highest
accuracy of any non-invasive imaging study for AIS and LVO.41
Combined head and neck scanning allows assessment of the
aortic arch, carotid bifurcations, superimposed cervical pathology (proximal internal carotid artery (ICA) ruptured plaques/
occlusion or cervical dissections), as well as excellent vascular
resolution of the embolus location, length, circle of Willis, and
distal collaterals. Some may use the detailed anatomic evaluation
for EVT planning, including considerations such as balloon
guide catheter placement, proximal aspiration catheter selection,
and stent retriever deployment zones. The need for any treatment of a proximal cervical carotid stenosis or occlusion can
also be assessed at this time. Although the patient’s renal function may remain unknown on presentation with AIS, NCCT
with CTA may still be performed without prior determination
of renal function in the case of a clinically devastating stroke.
Recommendation: The risk of iodinated contrast nephrotoxicity
should never delay CTA to determine the presence or absence of a
clinically devastating ELVO42 43(AHA Class I, Level of Evidence
B). Ideally, identiﬁcation of ELVO should be completed within
10 min of CTA acquisition and the treating team informed.
MR angiography (MRA) has less sensitivity/speciﬁcity and
requires more acquisition time than CTA, it may be a suitable
alternative for those with severe iodinated contrast allergies.
With MRA, one can adequately conﬁrm an ICA or M1 ELVO,
for which EVT is required. In the recently published endovascular stroke intervention trials,1–5 CTA or MRA imaging was performed without signiﬁcant delay during IV tPA infusion. In
patients with renal insufﬁciency, there is no advantage in MRA
of the neck as adequate imaging would also require gadolinium
contrast, contraindicated owing to risks of nephrogenic systemic
ﬁbrosis.
For those centers that have abbreviated MRI protocols to
optimally assess core infarct volumes for tissue-based imaging
selection (see below), and cannot quickly obtain an accurate
MRI screening checklist, a low-dose body tomogram (to include
chest and abdomen) can also be performed at the time of
NCCT/CTA to screen for a pacemaker or other foreign body
that might preclude MR imaging of the patient with ELVO.
Recommendation: CTA is the most accurate and efﬁcient noninvasive means of conﬁrming or excluding the presence of an
ELVO and should be performed as quickly as possible in those
patients in whom an LVO (severe stroke) is suspected (AHA Class
I, Level of Evidence B). Any facility that manages or receives
patients with stroke ( primary stroke, comprehensive stroke, or
other) must have the capability to rapidly perform CTA to identify patients with ELVO. At a minimum, CTA vessel imaging
should be performed in all patients who meet a predeﬁned clinical severity threshold. MRA can be substituted for CTA in those
patients with severe iodinated contrast allergy. If circumstances
dictate that non-invasive vascular imaging (CTA or MRA) will
unnecessarily delay EVT, it is reasonable to forgo CTA and
perform catheter-directed digital subtraction angiography in conjunction with EVT as rapidly as possible.

ELVO team activation
Stroke code activation of the ‘ELVO’ team (neurointerventional
surgeon, interventional technologist, nurse, and in some cases
the anesthesiologist) is usually separate from activation of the
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medical, or non-interventional, ‘brain attack’ response team and
will require separate, tiered activation. The criteria for activation
of the interventional team can be either a clinical threshold
(such as NIHSS, or other severity scale) in the prehospital or
hospital setting, or based on conﬁrmation of ELVO by CTA.
Any additional advanced imaging modalities employed for
tissue and/or EVT selection (multiphase CTA, CT perfusion
(CTP) or MR diffusion-weighted imaging– perfusion-weighted
imaging (DWI–PWI)), are usually at the discretion of the ELVO
team, and should not delay team activation. The role of these
additional imaging modalities is discussed below.
For patients evaluated at PSCs or other hospitals not performing EVT, transfer to a CSC as soon as possible is recommended.
This call can, as with ELVO team activation, be based on either a
clinical severity threshold (such as the full NIHSS, or abbreviated
clinical scores such as CPSS, FAST, LAMS, RACE, ROSIER), or
conﬁrmation of LVO by CTA. Each PSC will need to develop a
rapid mechanism of identifying these patients. It is generally
appropriate to transfer to the closest CSC in order to achieve the
greatest maximal beneﬁt. Transfer protocols should be jointly
developed by the PSC and CSCs involved, and preferably
rehearsed in advance. Ideally, the patient should be ready to be
transported as soon as IV tPA bolus has been administered, and
as the infusion is starting. The exact method of transport as well
as timing of CSC notiﬁcation will have to be individualized to
each PSC–CSC pair, but the goal should always remain the same
—access to EVT as fast and safely as possible. In some cases, it
may be necessary to mobilize transfer resources based on clinical
severity threshold, before deﬁnitive conﬁrmation of ELVO.
Informed consent for embolectomy can be obtained by any
participating physician. We recommend that the family is provided with a brief summary of the published embolectomy
trials, in order to facilitate the consent process. If the family is
not available and the patient is not able to give consent, it may
be reasonable to proceed with embolectomy in speciﬁc clinical
situations where it has been established as the standard of care.
Generally, this is in patients with a moderate to severe clinical
deﬁcit (such as those with an NIHSS score of ≥6), documented
occlusion of the M1 segment of the middle cerebral artery, with
or without concomitant occlusion of the intracranial ICA, lack
of large completed infarction by imaging, and where treatment
can occur within 6 h from symptom onset. These criteria may
further evolve as additional studies are published, and each
center should have their own criteria for cases where informed
consent need not be performed.
Recommendation: Independently of a patient’s candidacy for
IV tPA, once an ELVO is suspected either by prehospital triage or
initial evaluation using a clinical scoring system and/or conﬁrmed by CTA, the patient should be efﬁciently transported by
the brain attack and ELVO response teams to the angiography
suite, with groin puncture times ideally <60 min from arrival.
For patients with ELVO evaluated at a PSC, transfer to a CSC
should be initiated if groin puncture can be achieved within 6 h
of symptom onset (AHA Class 1, Level of Evidence A). Beyond
6 h, the beneﬁt of embolectomy is less certain (AHA Class 2b,
Level of Evidence C).

Advanced imaging of the infarct core (CTA collateral score/
CTP/MR DWI)
Once vascular imaging has conﬁrmed an ELVO, additional
advanced imaging may be useful to ensure the patient is a candidate for embolectomy. Only the MR CLEAN trial entirely
deferred screening patients for EVT with advanced imaging,
possibly contributing to the lower overall clinical outcomes in

their population in comparison with ESCAPE, EXTEND-IA,
and SWIFT PRIME (although time to recanalization, and the
modiﬁed TICI 2b/3 rates achieved also contributed). The goal
of imaging-based tissue selection is to identify patients who may
beneﬁt from endovascular reperfusion therapy and exclude
patients who might be subjected to futile or potentially harmful
recanalization. Accurately determining the infarct core has
important implications for EVT, and also for the treatment of
patients outside established time windows (ie, beyond 6 h from
the time the patient was last seen to be well). Indeed, there is
probably a maximal admission lesion volume compatible with
favorable outcome (MALCOM) or infarct for which EVT would
be futile (futile infarct). Final infarct volumes are a stronger predictor of outcome than recanalization,44 45 and this volume
threshold may vary with age.46 As a standard NCCT interpretation alone is a poor predictor of infarct core (see above) and
infarct growth rates are highly variable,47 48 time from onset
thresholds for selecting patients with ELVO for EVT may not be
an appropriate selection criterion and be shown to be insufﬁcient and too simplistic.
The most sensitive and speciﬁc technique for detecting early
infarction and the infarct core is MR DWI,49–51 even when
employing structured reporting.24 Infarct core volumes that are
>70–100 mL before embolectomy may prohibit a clinical
beneﬁt from reperfusion,52–54 and more recent data suggest that
MALCOM may be lower and may vary by age. For example,
Ribo et al55 presented data showing that only 12% of patients
with admission infarcts >39 mL achieved a favorable outcome
(modiﬁed Rankin Scale 0–2) and that octogenarians had a
threshold of 15 mL. Whereas MRI may accurately disqualify
patients for embolectomy and possibly improve outcomes,56 the
use of DWI to select patients for embolectomy is not widely
available or practical at many institutions, is controversial, and
has not been validated in a clinical trial. In addition, any infarct
volume threshold and outcome data associated with these
imaging methods may be a function of the speed and quality of
the recanalization. For these reasons, NCCT and CTA are most
commonly used and provide most data. The CTA collateral
score57 58 seems to be useful and may improve the usefulness of
CT in comparison with DWI.
The CTA collateral score uses information obtained during
the initial CTA acquisition, and in some cases supplemented by
additional phases of acquisition (multiphase CTA (mCTA)), to
estimate stroke volume. The CTA collateral score, has been compared with DWI-MRI,59–61 and was used as an imaging criterion in the ESCAPE trial.3 Lack of collateral ﬁlling beyond the
occluded territory (collateral score of 0) is strongly predictive of
a DWI lesion of ≥100 mL.60 Similarly, in another study, poor
collateral patterns strongly correlated with a larger admission
DWI lesion, and recanalization did not prevent or attenuate
infarct growth.59 However, caution must be exercised in a
single-phase CTA technique as the infarct core may be overestimated with incorrect (early arterial) acquisition techniques.62 To
overcome these limitations and improve the physiologic selection of patients for embolectomy, the Calgary group developed
a mCTA protocol to triage patients with AIS and ELVO.63 To
eliminate any chance of overestimating the core by an early
acquisition or poor contrast bolus, the Calgary CTA protocol
generates time-resolved images from skull base to vertex in
three phases (early, equilibrium, and late) separated by 8 s. To
assess the accuracy of this technique, correlation of the mCTA
collateral scoring method with DWI lesion volume would
require additional comparative trials, ideally a trial comparing
collateral score alone against DWI-MRI for patient selection.
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The collateral score on mCTA correlates well with the
ASPECTS score on NCCT and can be used to increase diagnostic accuracy and conﬁdence of the NCCT interpretation. In addition, mCTA scans take <20 s to acquire, require no additional
contrast despite a marginally increased radiation dose, are relatively insensitive to patient motion, and require no complex
post-processing.63 Finally, mCTA can be performed on any
modern CT scanner.

Bayesian decision-making
For any individual patient, the physician’s decision to perform
EVT is dichotomous: either proceed to angiography or not. Any
delay in making this decision, creates a fait accompli: time is
brain—the greater the amount of time required to reach the
decision, the lesser is the likelihood of a good outcome.
According to Khatri et al,64 the chance of a good clinical
outcome decreases 10% for every 30 min delay in
revascularization.
The Bayesian approach to decision-making is helpful for the
clinician. A 45-year-old with an NIHSS of 17, M1 occlusion,
50 min from onset is likely to beneﬁt from successful endovascular thrombectomy irrespective of the details of the rest of the
imaging. On the other hand an 86-year-old with an NIHSS of
17 with an M1 occlusion and pre-existing cognitive impairment,
300 min from stroke onset with severe arterial tortuosity in the
arch and neck may have more limited beneﬁt but greater risk
from EVT irrespective of ﬁndings on brain imaging.
Data show that the key factors for decision-making in
patients with ELVO are premorbid neurological status, age,
efﬁciency of the interventional team (can TICI 2b/3 revascularization be achieved within 90 min), and an approximation of
core infarct size (<70–100 mL). Thus, a combination of
ASPECTS on NCCT together with collateral assessment on
CTA (single or multi-phase) may be sufﬁcient for making a
decision about EVT (and the decision can be taken in a shorter
period of time).
Recent trials show a signiﬁcant treatment effect, and in some
cases the effect size is large. Patients with AIS at the margins of
the experimental inclusion/exclusion criteria would probably
still beneﬁt from revascularization. In the future, with further
improvement in techniques, technology, and workﬂow, additional gains in safety, efﬁciency, and improvement in revascularization rates should be achieved. Extrapolation from trial data to
clinical practice may cause physicians to proceed with EVT in
patients who do not strictly meet trial inclusion criteria but
might still beneﬁt from treatment.

Advanced imaging for tissue at risk/penumbra (CTP/MR–PWI)
Ischemic penumbra deﬁnes oligemic tissue at risk for infarction
if rapid revascularization is not achieved. In all of the above discussions, the concept of penumbra is evaluated using a combination of the severity of the clinical deﬁcit and location of the
LVO. This concept is the ‘clinical penumbra’, or ‘clinical–diffusion mismatch’.65 When this approach is used, no additional
physiologic imaging is used to categorize the volume of tissue at
risk. However, a variety of physiologic imaging tools aim to
quantify a mismatch between volume of irreversibly damaged
tissue (infarct core) and tissue at risk ( penumbra). These techniques rely predominantly on perfusion imaging techniques using
either dynamic CT- or MR-based imaging after injection of
appropriate contrast medium.
The goal of CTP/MR DWI–PWI-based physiologic selection
for endovascular stroke intervention is to detect infarct core,
and also to physiologically select patients with a mismatch of
6 of 9

potentially salvageable (‘at-risk’) ischemic tissue ( penumbra,
Tmax/mean transit time/time to peak) and non-salvageable
infarcted tissue (core infarct, relative cerebral blood volume/
relative cerebral blood ﬂow or MR-DWI). Several clinical trials
have used minimum absolute mismatch ratios as an inclusion
criterion (MR RESCUE, EXTEND-IA, and SWIFT PRIME) for
intervention. However, various post-processing software applications and vendors have different methodologies for calculating
core and penumbral volumes from CTP or MR-PWI data.66
Standardization of post-processing techniques and deﬁnitions
for core infarction and penumbral volumes led to the development of the RAPID (iSchemaView, Menlo Park) software used
in the DEFUSE-2 study, EXTEND-IA, and SWIFT-PRIME
trials.2 5 52 Despite these standardized post-processing techniques, other confounders may still be unaccounted for such as
accurate selection of the arterial input function, contrast delay
and dispersion effects from collaterals, and non-linearity of
dynamic susceptibility contrast MR-PWI. CT perfusion is at a
greater disadvantage, since both core infarct and penumbral
volumes depend on post-processing calculations, as opposed to
MR-DWI, which preserves a sensitive physiological marker of
irreversible infarction (restricted diffusion of water in infarcted
tissue). Owing to these drawbacks of perfusion imaging (CTP or
MR-PWI), some have postulated that a surrogate for the penumbra may simply be reﬂected by the patient’s clinical examination
or NIHSS.65 At this time, the clinical penumbra may be the best
indicator to select patients for embolectomy as long as an accurate and small core infarct estimate is available.
A study comparing clinical penumbra (NIHSS/DWI core or
even NIHSS/CTA collateral score mismatch) with CTP and/or
PWI is needed to resolve the perfusion imaging utility debate
and time delay concerns of advanced imaging.67 Until such perfusion processing algorithms are standardized, validated, volumetric, fully automated, and do not cause any delays in
reperfusion, these techniques cannot be recommended.
Furthermore, with the MR CLEAN trial demonstrating efﬁcacy
of EVT in a broad range of patients without tissue-based or
advanced imaging selection, a comparative trial is warranted to
study if patients who are excluded by CTP or MR-DWI–PWI
selection criteria would inevitably be subjected to futile or even
harmful reperfusion with EVT.
Future designs of these trials must also consider the time
taken to select a patient as a suitable candidate for embolectomy
—the imaging we use to assess a patient with ELVO presenting
within 2 h vs 10 h after symptom onset may be different.
Perhaps perfusion imaging is suitable for patients with ELVO
and a low NIHSS score, stratifying interventional management
based on matched versus mismatch patterns. Additionally, wake
up or unknown time window strokes will be more dependent
on advanced imaging techniques such as CTP or MR-DWI–
PWI. The time frame for treatment and the optimal advanced
imaging technique, if any, for embolectomy patients are intriguing factors requiring research.
Advanced imaging techniques such as multiphase CTA, CTP,
or MR-DWI–PWI may offer beneﬁts of patient and tissue selection for successful endovascular reperfusion therapy, but no consensus has been established.
Infarct core assessment can be accomplished with a variety of
CT/CTA or MR-DWI-based techniques (CT-ASPECTS, CTA
collateral score, DWI-ASPECTS, DWI volume). Conversely, penumbral imaging has not been validated and, as a minimum,
requires standardized post-processing techniques for interpretation. Furthermore, a clinical penumbra (NIHSS) may serve as a
gross, but adequate surrogate for penumbral tissue.
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Upon arrival at the angiography suite
Parallel workﬂow upon arrival at the biplane neuroangiography
suite is also imperative.68 The ELVO team should have speciﬁc
role assignments when they arrive. In addition, a standardized
stroke kit (BRISK: brisk recanalization ischemic stroke kit)
(tubing, drapes, syringes, catheters, devices, etc) that contains all
equipment necessary for the case may be useful. Alternatively,
an accessory kit can be created which quickly customizes the
known standard angiography kit for an embolectomy case.
Team members will have speciﬁc role assignments, but all
members should be familiar with all duties so that critical functions are duplicated. Other “safe short cuts” may include not
shaving the groin and delaying Foley catheter placement until
after blood ﬂow restoration.68
Although the use of general anesthesia (GA) for embolectomy
may delay the start of treatment, advocates feel that the safety,
quality, and speed of the procedure are improved. Conversely,
operators using conscious sedation or monitored anesthesia care
(MAC) protocols believe this allows for earlier treatment, less
hemodynamic ﬂuctuation, and neurological assessment of the
patient throughout the case, despite concerns that patient movement could result in an increased incidence of vessel dissection
or wire perforation. Converging evidence appears to favor the
latter approach for patients with ELVO undergoing embolectomy.69–74 GA was actively discouraged in the ESCAPE trial and
was used in <10% of patients, suggesting that most patients can
be treated with conscious sedation.
Data presented by the MR CLEAN investigators at the 2015
International Stroke Conference offer further insight into potential effects of using GA during endovascular stroke procedures.75 Of 216 patients who entered the neuroangiography
suite, 79 patients had embolectomy performed under GA and
137 under MAC with 6 (4.4%) of the latter group converting to
general endotracheal anesthesia (GETA) during the case.
Although there was no signiﬁcant difference in time to revascularization between the two groups, there was a difference in
time to treatment initiation (the MAC group was 28 min faster).
More importantly, in an analysis adjusted for age, NIHSS, time
from onset, previous stroke, diabetes, atrial ﬁbrillation, and ICA
terminus occlusion, the beneﬁcial treatment effect was lost in
the GETA group (common adjusted OR=1.09 (0.69 to 1.71)
and found only in the MAC group (common adjusted OR=2.13
(1.46 to 3.11).
Recommendation: Embolectomy procedures should be performed with conscious sedation or MAC whenever possible.
GETA should be reserved for patients who are not considered
able to protect their airways for the procedure while supine or
who are too uncooperative for the procedure to be performed
safely (AHA Class IIb, Level of Evidence C).

Prehospital ELVO management
This topic will be the subject of a separate article. Prehospital
triage of the patient with ELVO to an appropriate stroke center
is critical for timely therapy. For ELVO suspected by the EMS
( particularly if this suspicion is based on a clinical scoring
system such as the NIHSS, LAMS, CPSS, RACE, ROSIER)
during transport to hospital, SNIS advocates that EMS transports the patient directly to a CSC. Early identiﬁcation of severe
stroke can save hours if the patient with ELVO is taken to a
CSC or other endovascular-capable stroke treatment center.
Although there appears to be a treatment effect in the ‘drip
and ship’ paradigm,1 3 5 it is less robust, and IMS-3 data supported signiﬁcant time savings (without IV tPA opportunity

cost) when patients go directly to a CSC.76 If a patient is taken
to a PSC, the EMS team should consider waiting for an ELVO
to be excluded (by CTA) before completing the transport. If an
ELVO is conﬁrmed, immediate transport of the patient to a
CSC is required. EMS teams should make every effort to prenotify all receiving hospitals with time last known well, family
contact information, blood pressure, history of anticoagulant
use, estimated time of arrival, and stroke severity using either
(LAMS, RACE, or other agreed assessment tool).
Widespread deployment of mobile stroke treatment units
(MSTUs) might potentially reduce times to embolectomy for
ELVO via earlier activation of the ELVO team in the ﬁeld and
bypassing the emergency department altogether. The MSTU
could potentially eliminate the need for in-house imaging,
laboratories, and IV tPA administration; allow for earlier ELVO
team activation and angiosuite preparation; and even identify/
conﬁrm large artery occlusion (by on-board CTA capability).
Indeed, until such time as MSTUs proliferate throughout the
country the wisdom of the Helsinki group should not go
unnoticed, “The key to success in reducing delays is to do only
the basics when the patient has arrived, and to do as much as
possible before and during transport.”
Recommendation: A patient in the ﬁeld with a suspected
ELVO by EMS (based on an appropriate ﬁeld severity score)
should be triaged to the closest CSC, bypassing other facilities as
patient stability, local policy, and additional transport time
(geography) allow (AHA Class I, Level of Evidence A).

Summary
There is now the highest level of medical evidence (AHA
Class I, Level of Evidence A) that embolectomy using the latest
technology is the standard of care for patients with ELVO,
with or without an IV tPA bridge. Any hospital that receives
patients with stroke must have highly coordinated systems of
care to deliver fast and efﬁcient door to picture, needle, and
puncture times all while providing the best medical management until reperfusion is achieved. To improve the provision
of care, processes (delivery innovation) should be iterative and
designed so that teams can cycle back, evaluate their performance, and drive process improvement for the beneﬁt of all
patients with ELVO. Finally, this committee believes that prospective data reporting (such as that provided by the SNIS neurovascular quality initiative) should be carried out for all EVT
procedures for stroke.
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