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Abstract

Purpose of Review The review provides an overview of current endovascular management of patients with acute ischemic stroke
in the light of recent landmark trials proving unequivocal benefit of the intervention.

Recent Findings Several randomized trials looking at selective groups of patients presenting after an acute ischemic stroke due to
large vessel occlusion in the anterior circulation demonstrated an overwhelming benefit of the endovascular treatment compared
to intravenous thrombolysis, leading to expedited changes in the American Heart Association/American Stroke Association
guidelines. Nonetheless, there are a relative large number of patients that were not included in those trials that might still benefit
from endovascular treatment (acute posterior circulation-related strokes or acute embolic occlusion of middle cerebral artery
beyond the main trunk for instances) and in which further studies are needed. We also briefly discuss endovascular techniques,
post-procedure care, and endovascular treatment delivery models to expedite stroke patient assessment and rapid transport using
updated and improved workflow protocols to provide timely recanalization.

Summary Endovascular treatment of acute occlusion of a proximal large artery in the anterior circulation is currently the standard
of care. Time and quality of recanalization are the most important variables that determine the outcome. The indication for
endovascular therapy in different scenarios (acute embolic occlusion in the posterior circulation or more distal branch occlusions)
has to be individualized according to each patient’s particular characteristics until new evidence is provided.

Keywords Ischemic stroke - Stent retrievers - Large vessel occlusion - Tandem occlusion - Wake-up stroke - Post-procedure care

Introduction

Ischemic stroke is the leading cause of permanent disability in
the world and the fifth most common cause of death in the
USA [1]. On an average, every 40 s, someone in the USA
has a stroke resulting in ~ 795,000 people experiencing a
new or recurrent stroke per year [2]. For almost two decades,
intravenous (IV) recombinant tissue plasminogen activator (r-
tPA) was the only proven treatment for acute ischemic stroke.
A key advantage of IV r-tPA is that it can be started rapidly
after clinical assessment and computed tomography (CT) of
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the brain without the use of contrast material. Unfortunately,
only few patients with acute ischemic stroke (< 10%) receive
IV r-tPA, after symptom onset. Limitations of IV r-tPA include
a narrow therapeutic time window (majority 3 and 4.5 h for a
selective cohort), dependence on available serum plasminogen
for efficacy, the resistance of an old or large thrombus to fibri-
nolysis, and the risks of systemic and cerebral hemorrhage [3].
Finally, most of the patients with a proximal vessel occlusion
in the anterior circulation (60 to 80% of patients) die within
90 days after stroke onset or do not regain functional indepen-
dence despite IV r-tPA treatment [4]. The major reason for the
limited efficacy of IV r-tPA is the modest rate of effective
reperfusion among patients with a large vessel occlusion [5].
The endovascular approach primarily started with intra-
arterial (TA) delivery of fibrinolytic agents and led to fist suc-
cessful prospective randomized trial with the use of TA recom-
binant pro-urokinase [6]. From 2002 to 2012, three random-
ized controlled trials of endovascular treatment of acute ische-
mic stroke with primarily IA fibrinolysis and/or first
generation-mechanical embolectomy devices, Thrombolysis
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for Acute Ischemic Stroke (SYNTHESIS Expansion) [7], The
Interventional Management of Stroke Trial III (IMS III) [3],
and The Mechanical Retrieval and Recanalization of Stroke
Clots Using Embolectomy (MR RESCUE) [8], failed to prove
clinical efficacy of endovascular treatment. None of these
studies showed a benefit of adjunct endovascular treatment
over IV r-tPA alone. MR RESCUE also showed no benefit
for patients treated within 8 h even if selected by multimodal
neuroimaging criteria.

It was after the joint efforts of the neurointerventional
community and the financial support from the medical de-
vice industry that in late 2014 and early 2015, five random-
ized clinical trials demonstrated the clinical benefit of
newer generations of mechanical thrombectomy devices
in acute ischemic stroke when used in timely fashion
(Table 1). Multicenter Randomized Clinical Trial of
Endovascular Treatment for Acute Ischemic Stroke (MR
CLEAN) [9++]; Endovascular Treatment for Small Core
and Anterior Circulation Proximal Occlusion With
Emphasis on Minimizing CT to Recanalization Times
(ESCAPE) [4]; Solitaire FR With the Intention for
Thrombectomy as Primary Endovascular Treatment of
Acute Ischemic Stroke (SWIFT PRIME) [10]; Extending
the Time for Thrombolysis in Emergency Neurological
Deficits—Intra-Arterial; 1A, intra-arterial(EXTEND-IA)
[11]; and Randomized Trial of Revascularization With
Solitaire FR Device Versus Best Medical Therapy in the
Treatment of Acute Stroke Due to Anterior Circulation
Large Vessel Occlusion Presenting Within 8 Hours of
Symptom Onset (REVASCAT trial) [12] formed the basis
of updated and expedited American Heart Association
(AHA)/American Stroke Association(ASA) guidelines
published in 2015 and establishing the consideration of
the stent retrievers as the standard of care in patient with a
large vessel occlusion in the anterior circulation within 6 h
from symptom onset and without early changes on non-
contrast CT (ASPECTS >6). A systematic review and
meta-analysis of randomized trials concluded that
endovascular therapy significantly improved functional
outcomes (without compromising safety) in patients with
acute ischemic stroke compared with standard therapy [13].

Every or nearly every patient in the five stent retriever
studies first received IV r-tPA thereby emphasizing that it
should not be withheld if patient is considered for mechan-
ical thrombectomy; however, in patients under consider-
ation for mechanical thrombectomy, observation after IV
alteplase to assess for clinical response should not be per-
formed [14¢]. All the studies enrolled subjects > 18 years of
age. There are no randomized trials of endovascular therapy
in pediatric population. From these trials, there are insuffi-
cient data in patients with NIHSS scores < 6 to determine
whether there is an overall net benefit from endovascular
therapy in this population [15].

@ Springer

Criteria for Patient Selection

According to latest AHA/ASA guidelines [14¢] currently, the
selected cohorts to be considered for endovascular treatment
include the following:

* Prestroke patient should be functionally independent
(modified Rankin score (mRS) 0 to 1)

» Patient should be an adult with significant stroke (age >
18 years, NIHSS score of > 6) and computed tomography
(CT) brain without evidence of large infarct suggested by
Alberta Stroke Program Early CT Score (ASPECTS) of >
6 with imaging proven causative occlusion of the internal
carotid artery or proximal middle cerebral artery (MCA)
M1 segment.

* The technical goal of the thrombectomy procedure should
be reperfusion to a modified thrombolysis in cerebral in-
farction (mTICI) 2b/3 angiographic result to maximize the
probability of a good functional clinical outcome.

Time for intervention with mechanical thrombectomy has
been changing rapidly. Abovementioned landmark trials sup-
ported mechanical thrombectomy up to 6 h from last well-
known, latest guidelines published in the light of two major
trials DAWN (DWI or CTP Assessment with Clinical
Mismatch in the Triage of Wake-Up and Late Presenting
Strokes Undergoing Neurointervention with Trevo) [16¢]
and DEFUSE 3 (The Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke) [17] support me-
chanical thrombectomy beyond 6 h. Now according to AHA
guidelines, in selected patients with acute ischemic stroke
within 6 to 16 h of last known normal who have large vessel
occlusion in the anterior circulation and meet other DAWN or
DEFUSE 3 eligibility criteria, mechanical thrombectomy is
recommended (class 1, level of evidence A). In addition, it
is reasonable to consider mechanical thrombectomy within 6
to 24 h of last known normal if patients meet DAWN eligibil-
ity criteria [14¢¢]. The DEFUSE 3 trial used perfusion-core
mismatch and maximum core size as imaging criteria to select
patients with large anterior circulation occlusion 6 to 16 h
from last seen well for mechanical thrombectomy. This trial
showed a benefit in functional outcome at 90 days in the
treated group (mRS score 0-2, 44.6 vs 16.7%; RR, 2.67;
95% CI, 1.60—4.48). The DAWN trial used clinical imaging
mismatch (a combination of NIHSS score and imaging
findings on CTP or DW-MRI) as eligibility criteria to select
patients with large anterior circulation vessel occlusion for
treatment with mechanical thrombectomy between 6 and
24 h from last known normal. This trial demonstrated an over-
all benefit in function outcome at 90 days in the treatment
group (mRS score 0-2, 49 vs 13%; adjusted difference,
33%; 95% CI, 21-44; posterior probability of superiority >
0.999). Interestingly, there are a larger treatment effects in the
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DAWN and DEFUSE 3 trials than in the 6-h trials and prob-
ably are attributable to the low rate of favorable outcomes in
the medical control group, which may be related to the small
proportion of patients who presented in time to receive intra-
venous 1-tPA. DEFUSE 3 trial enrolled patients who had larg-
er core infarctions than those in the DAWN trial and also
included patients with milder stroke symptoms. Because of
these differences, the DEFUSE 3 trial enrolled a broader pa-
tient population than the DAWN trial (approximately 40% of
the patients in the DEFUSE 3 trial would not have met the
DAWN selection criteria). However, the efficacy of
endovascular therapy in our trial was similar in patients who
did meet the eligibility criteria used in the DAWN trial and in
patients who did not meet those criteria [17].

Approximately 1 in 4 patients with ischemic stroke wake
up with neurological deficits and only 0.3 to 2.1% of wake-up
strokes (WUS) are treated with IV thrombolysis due to un-
known time of stroke symptoms onset [ 18-21]. Neuroimaging
modalities like contrast-enhanced CT or MR imaging play a
vital role in treating such patients by estimating salvageable
brain tissue. In CT studies, CT angiogram (CTA) is used to
detect the location of occlusion in the intracranial arteries and
CT perfusion (CTP) is used to detect the area of infarct core
and the salvageable tissue. Based on CTP, the area of mis-
match or the ischemic penumbra is calculated based on visual
inspection by comparing the CBF (cerebral blood flow) and
CBYV (cerebral blood volume) deficit. The outcomes at hospi-
tal discharge after reperfusion using endovascular techniques
of large areas of mismatch with a major arterial occlusion in
wake-up stroke have been demonstrated to be comparable to
known time of onset strokes [22]. Similarly on MR imaging
diffusion-weighted imaging (DWI), fluid-attenuated inverse
recovery (FLAIR) sequence mismatch helps in knowing the
infarct age and on the other hand, perfusion-weighted and
diffusion-weighted imaging (PWI-DWI) mismatch gives an
estimate of the salvageable penumbra amenable for reperfu-
sion with the help of endovascular therapy [23, 24]. The
abovementioned radiological imaging concepts are also uti-
lized in clinical trials to extend window beyond conventional
time window for IV r-tPA such as WAKE-UP [25] study and
Extending the Time for Thrombolysis in Emergency
Neurological Deficits (EXTEND) study [26]. Results from
abovementioned DAWN and DEFUSE 3 trials can be extend-
ed now to benefit patients with wake-up stroke as long as these
trial eligibility criteria are followed.

Imaging Selection of Patients

It is becoming widely accepted that the two main variables
affecting the outcome of patients with ischemic stroke are the
time to recanalization and the collateral flow. Early changes in
basic neuroimaging may indicate poor collateral flow and may
place patients at risk of complications. According to the

@ Springer

guidelines by the American Heart Association [14e¢], non-
contrast CT will provide the necessary imaging information
to make decisions about use of IV r-tPA. Multimodal CT and
MRYI, including perfusion imaging, should not delay adminis-
tration of IV r-tPA. For patients who otherwise meet criteria
for endovascular therapy, it is reasonable to proceed with CT
angiogram (CTA) or MR angiogram (MRA) of the head and
neck. Additional imaging such as perfusion studies for
selecting patients for mechanical thrombectomy in <6 h is
not recommended. As discussed above in selected patients
with AIS within 6 to 24 h of last known normal who have
large vessel occlusion (LVO) in the anterior circulation,
obtaining CTP, DW-MRI, or MRI perfusion is recommended
to aid in patient selection for mechanical thrombectomy, but
only when imaging and other eligibility criteria from DAWN
trial [16°] and DEFUSE 3 trial [17] are being strictly applied in
selecting patients for mechanical thrombectomy. It may also
be reasonable to incorporate collateral flow status into clinical
decision-making in some candidates to determine eligibility
for mechanical thrombectomy.

Uncertain Indications for Endovascular Treatment

The abovementioned criteria, however, do not include other
commonly seen stroke scenarios and raise questions about the
clinical effectiveness of endovascular treatment beyond a se-
lective cohort of the patients. We will try to present a few
common scenarios routinely seen in clinical practice and dis-
cuss their management.

1. According to AHA/ASA guidelines, in patients who have
prestroke mRS score > 1 but still have prestroke reason-
able quality of life, or patients presenting with ASPECTS
less than 6 on initial head CT scan, or NIHSS score < 6 if
disabling and a large vessel occlusion is documented by
imaging such as occlusion of the internal carotid artery
(ICA) or proximal MCA (M1), the use of endovascular
therapy with stent retrievers may be reasonable when
treatment can be initiated (groin puncture) within 6 h of
symptom onset. Operators typically individualize
endovascular treatment in these circumstances based on
institutional and personal discretion in regard to patient
selection criteria. Additional data from randomized trials
are needed since benefit can still be questioned [14e].

2. Posterior circulation stroke and distal MCA stroke:
Although all of the landmark trials excluded posterior
circulation strokes, noninvasive vessel imaging helps to
identify thrombus location before deciding endovascular
treatment in the posterior circulation especially with a
large vessel occlusion, in the basilar artery (Fig. 1) and
proximal posterior cerebral artery [27]. The AHA/ASA
guidelines support this approach and suggest that
endovascular therapy with stent retrievers may be
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Fig. 1 An 82-year-old man with
history of atrial fibrillation
presented with left-sided
weakness and diminished
consciousness requiring
intubation, NIHSS > 25
(estimated) last seen normal was
greater than 10 h. Head CT scan
demonstrated hyperdense basilar
artery (a) and confirmed
occlusion of intracranial vertebral
artery and basilar artery (b).
Basilar artery thrombus
visualized as filling defect (c).
After one pass of stent retriever
(Solitaire 4 mm x 20 mm) with
aspiration and intra-arterial
thrombolytic infusion (12 mg r-
tPA), complete recanalization was
achieved (d). Follow-up MRI
brain (e) demonstrated small
scattered strokes in bilateral
cerebellar hemispheres. Visible
clot fragments after retrieval (f).
Patient was extubated after the
procedure and NIHSS was 1 post
procedure

reasonable for carefully selected patients with acute ische-
mic stroke in whom treatment can be initiated (groin
puncture) within 6 h of symptom onset and who have
causative occlusion of the M2/M3 portion of the MCA,
anterior cerebral arteries, vertebral arteries, basilar artery,
or posterior cerebral arteries [14++]. The benefits of
thrombectomy of smaller caliber arteries in a more distal
location must be carefully considered in relation to the
risks of the procedure. The occlusion of these smaller
and more distal arteries, such as the distal M2 and the
M3 segments of the MCA, pericallosal artery, or the pos-
terior cerebral artery sometimes causes ischemic strokes
with pronounced clinical impact on the patient. The clin-
ical benefit that can be obtained by recanalization is also
based on the eloquence of the dependent territory of the
artery occluded [28].There is some experience with small-
er 3-mm stent retrievers and aspiration devices [29]. A
recent study of 3MAX reperfusion system (Penumbra,
Alameda, California) demonstrated safety and efficacy
in terms of both revascularization and functional

independence for patients with acute ischemic stroke sec-
ondary to M2 and M3 occlusions using direct first pass
aspiration technique (ADAPT), either as frontline mono-
therapy or in combination with adjunctive devices.
However, larger prospective studies are necessary to pro-
vide more evidence of the benefits and safety of these
procedures [28].

Tandem occlusion: Approximately 25% of patients with
MCA occlusion will have a concomitant internal carotid
artery (ICA) occlusion, and 50% of patients with an ICA
occlusion will have a proximal MCA occlusion. Cervical
ICA occlusion with MCA embolic occlusion is associated
with a low rate of recanalization and poor outcome after
IV r-tPA [30, 31]. Outcomes for the subgroup of patients
with cervical carotid occlusion were reported in ESCAPE
[4] (OR, 8.7; 95% CI, 1.9-39.4) and MR CLEAN [9]
(adjusted OR, 1.43; 95% CI, 0.78-2.64). Although
thrombectomy for patients with cervical ICA occlusion
is beneficial based on these data, the optimal management
ofthe underlying stenosis is not clear. Carotid stenting and
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intracranial thrombectomy for the treatment of acute
stroke resulting from tandem occlusions with aggressive
antiplatelet therapy may be associated with a high inci-
dence of intracranial hemorrhage [32, 33]. In addition,
there is some risk for thromboembolic stroke at the time
of stenting [15]. Based on the Prognostic Factors Related
to Clinical Outcome Following Thrombectomy in
Ischemic Stroke (RECOST) study, the use of stent angio-
plasty in internal carotid dissection tandem occlusion is
safe and effective after intracranial revascularization when
compared to isolated anterior circulation occlusion stroke
therapy. The best modality to treat proximal stenosis is
based on an individual case basis; however, one meta-
analysis suggested distal to proximal revascularization if
possible appears to be a more practical and effective ap-
proach and may offer the advantage of decreased time to
reperfusion, which is associated with better functional
outcome [34, 35]. Major limitation of this analysis was
that no study evaluated the difference in time to reperfu-
sion for the anterograde and retrograde approach and its
association with clinical outcome. Randomized, multicen-
ter trials are required to potentially confirm these results
and to further identify clinical and radiologic factors con-
tributing to the good outcome. The acute use of antithrom-
botic medication in concomitant carotid artery stenting
and intracranial mechanical thrombectomy is not yet de-
fined. The need of antiplatelet loading doses and the route
of administration (parenteral vs oral loading) especially
when combined to simultaneous I'V thrombolytic medica-
tion are particular challenging situations that have to be
analyzed on specific case to case basis.

Endovascular Techniques

The major difference leading to positive outcome in recent
mechanical thrombectomy trials was the use of self-expand-
able, fully retrievable stent in the majority of the patients lead-
ing to higher recanalization rates in addition to shorter time to
treatment in imaging proven large vessel occlusion patients
(Table 1). Stent retrievers lead to immediate flow restoration
after deployment and mechanical thrombectomy during with-
drawal. The usefulness of mechanical thrombectomy devices
other than stent retrievers is not well established for either
technical efficacy or clinical benefit. These trials were not
designed to demonstrate the superiority of stent retrievers over
other devices such as snares or aspiration systems. Clinical
experience has shown the combination of balloon guide cath-
eters or distal-access/aspiration catheters, and stent retrievers
provide rapid, effective, and safe recanalization. The use of a
proximal balloon guide catheter or a large-bore distal-access
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catheter rather than a cervical guide catheter alone in conjunc-
tion with stent retrievers appears to be beneficial [15, 36, 37].

Another technique called “The technique of A Direct
Aspiration, First Pass Technique for the Endovascular
Treatment of Stroke” (ADAPT) appears promising with a high
rate of recanalization. A recent study of 243 consecutive pa-
tients with large intracranial artery occlusions of the anterior
circulation, treated within 6 h, compared ADAPT with the
Solitaire FR stent retriever group. Patients treated with
ADAPT achieved higher final recanalization rates (82.3 vs
68.9%; adjusted relative risk, 1.18; 95% CI, 1.02-1.37,
P =.022), though differences in clinical outcomes between
the cohorts were not significant. Use of an adjunctive device
was more frequent in the ADAPT group (45.2 vs 13.5%,
P <.0001). The rate of embolization in new territories or
symptomatic hemorrhage did not differ significantly between
the two groups [38].

The ASTER trial [39] (Contact Aspiration vs Stent
Retriever for Successful Revascularization) compared the
contact aspiration technique and the standard stent retriever
technique as first-line endovascular therapy for successful re-
vascularization within 6 h among patients with acute anterior
circulation ischemic stroke and LVO. The proportion of pa-
tients with successful revascularization at the end of all inter-
ventions was 85.4% (n = 164) in the contact aspiration group
versus 83.1% (n=157) in the stent retriever group (OR, 1.20;
95% CI, 0.68-2.10; P =0.53; difference, 2.4%; 95% CI, — 5.4
t0 9.7%). The secondary clinical end point of mRS score of 0
to 2 at 90 days was achieved by 82 of 181 (45.3%) in the
contact aspiration group versus 91 of 182 (50.0%) in the stent
retriever group (OR, 0.83; 95% CI, 0.54-1.26; P=0.38).
According to the latest AHA guidelines, the use of mechanical
thrombectomy devices other than stent retrievers as first-line
devices for mechanical thrombectomy may be reasonable in
some circumstances, but stent retrievers remain the first choice
[14ee].

In general, the technical goal of the thrombectomy proce-
dure should be a TICI grade 2b/3 angiographic result to max-
imize the probability of a good functional clinical outcome.
The use of adjunctive salvage techniques, including IA fibri-
nolysis, may be reasonable to achieve these angiographic re-
sults if completed within 6 h of symptom onset. However, it
should be kept in mind that endovascular therapy with stent
retrievers is recommended over IA fibrinolysis as first-line
therapy whenever feasible [14e].

Choice of Anesthesia

Retrospective studies have found that patients receiving gen-
eral anesthesia for endovascular treatment in acute ischemic
stroke have worse neurological outcome compared with pa-
tients receiving conscious sedation. According to AHA/ASA
guidelines, it may be reasonable to favor conscious sedation
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over general anesthesia during endovascular therapy for acute
ischemic stroke. However, the ultimate selection of anesthetic
technique during endovascular therapy for acute ischemic
stroke should be individualized on the basis of patient risk
factors, tolerance of the procedure, and other clinical charac-
teristics [ 14+, 37]. In a recent randomized trial involving nine-
ty patients with acute ischemic stroke, there was no difference
between general anesthesia and conscious sedation in neuro-
logical outcome; however, important point to be made in this
trial is that there was no difference noted between the two
groups in regard to blood pressure levels, during the
endovascular treatment or post-procedure care [40]. We be-
lieve that any significant drop in blood pressure should be
avoided if general anesthesia is used for endovascular
procedure.

Post-procedure Care

All patients should ideally be admitted to a stroke unit or
neurologic critical care unit. Organized care in stroke units
results in improved survival, independence, and probability
of living at home. [41].

Post-procedural imaging has been a matter of debate due to
no common consensus among the operators. Usually, the pre-
ferred imaging technique is non-contrast head CT to detect
early hemorrhage. The timing of performing the follow-up
head CT varies among institutions, from immediately post
procedure to 24 h or up until it is usually associated with
clinical deterioration. Often, we run into a predicament if the
hyperdensity on the head CT scan represents early hematolog-
ic transformation or contrast extravasation or both [42]. Such
instances may need follow-up serial imaging as 30-50% of
cases may just be due to contrast extravasation but if present at
24 h are usually associated with hemorrhagic transformation
and poor outcomes especially in parenchymal hematoma
(PH2) category rather than hemorrhagic infarction (HI) [43,
44]. As early detection and management of hemorrhagic trans-
formation helps in better clinical outcomes, flat panel detector
CT scan (FPCT) can be performed on the patient on the same
angiography table. It quickly processes fluoroscopic images
into the same format as traditional CT scanners and can detect
ICH with 91-100% sensitivity and negative predictive value
(NPV) but has only 88% specificity and 44-84.2% positive
predictive value (PPV) [45-47]. Dual-energy CT scans have
been able to distinguish hemorrhage from contrast extravasa-
tion by image reconstruction from the particle attenuation
characteristics using two different X-ray spectra at different
kilovoltages [48]. This may help in earlier detection of hem-
orrhage as well as help in patients in particular who may need
antithrombotic agents after endovascular therapy. Limitations
are duration and presence of metallic artifacts which may in-
terfere in image processing [49, 50].

Transient elevation of arterial blood pressure (BP) is fre-
quent in acute ischemic stroke and may help to increase per-
fusion of tissue jeopardized by ischemia. The course of ele-
vated systolic blood pressure after acute ischemic stroke was
found to be inversely associated with the degree of vessel
recanalization. When recanalization failed, systolic BP
remained elevated longer than when it succeeded [51]. It has
also been suggested by a retrospective analysis that higher
peak values of systolic blood pressure independently correlat-
ed with worse 90-day modified Rankin scale and a higher rate
of hemorrhagic complications [52]. Decreasing post-
recanalization blood pressure is reasonable and may limit re-
perfusion injury, though evidence is lacking [53]. The
ESCAPE [4] protocol mentions that systolic BP >
150 mmHg is probably useful in promoting and keeping col-
lateral flow adequate while the artery remains occluded and
that controlling BP once reperfusion has been achieved and
aiming for a normal BP for that individual are sensible. The
DAWN [16¢] protocol recommends maintaining systolic BP
< 140 mmHg in the first 24 h in subjects who are perfused
with mechanical thrombectomy. According to latest AHA
guidelines, in patients who undergo mechanical
thrombectomy with successful reperfusion, it might be reason-
able to maintain BP at a level < 180/105 [14e°].

The routine use of large bore sheaths for use of multiple
catheters and balloon guide catheters in mechanical
thrombectomy for ischemic stroke has led to concerns for
vascular groin complications. Usage of vascular closure de-
vices are non-inferior to manual compression in terms of vas-
cular access site complications and also reduced time to he-
mostasis. Nursing education plays a very important role and
they should be trained to distinguish skin wound bleeding
from significant arterial bleeding and retroperitoneal hemor-
rhage. Standardized protocols should be followed diligently in
maintenance of hemostasis at the puncture site and assessment
for vascular complications [54, 55].

Early evaluation and participation for therapies are ideally
initiated in the acute care environment if feasible. The effec-
tiveness with which this need is met correlates with outcomes
[56]. A 3-month outcome should be assessed for all treated
patients by telephone or clinic visit to measure treatment re-
sults and participate in a registry to document and compare
outcomes. A balanced and comprehensive approach to these
post-procedure considerations is crucial to ensure an opti-
mized patient outcome [53].

Endovascular Treatment Delivery Models

A focused approach is needed to ensure delivery of
endovascular treatment to the right patients. Typical setup in-
cludes a comprehensive stroke center as “central hub” for
endovascular therapy with surrounding “spokes” referring hos-
pitals [57]. Transferring patients to an endovascular-capable
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stroke center commonly delays endovascular treatment. A pre-
hospital clinical tool to help detect large vessel related ischemic
stroke, e.g., Rapid Arterial oCclusion Evaluation (RACE) scale,
which also assesses cortical signs like head/gaze deviation and
aphasia/agnosia in addition to extremity and face weakness,
may help facilitate rapid transport directly to a endovascular-
capable stroke center by emergency medical services (EMS)
especially if it is located within comparable driving time to a
nearby smaller community hospital [58].

Once transfer has been decided for a patient, pre-hospital
notification to the receiving hospital should be made. It is
important to have a well-coordinated multidisciplinary team
to receive the patient, including ER, neurology, and
neuroendovascular physicians. It is important to move the
patient through a rapid evaluation to confirm the occlusion
with neuroimaging and then to the operating room as quickly
as possible [59]. The use of telemedicine has revolutionized
the treatment of stroke by improving the patient outcomes in
regions where there is lack of neurologists with stroke exper-
tise [60]. Half of patients arrive at a hospital after 2 h from
symptom onset [61]. The largest, and most important, window
for reducing delays to treatment is therefore prior to hospital
arrival. In an effort to bring acute stroke thrombolytic treat-
ment to the emergency site, the concept of mobile stroke units
(MSUs) was introduced. This concept utilizes a specialized
ambulance which is equipped with CT scanner, medications,
point-of-care lab, and teleneurology. Preliminary studies have
shown that MSUs have shown increased rates of treatments
within 60 min of symptom onset and certain communities may
benefit from these strategies [27, 62]. Leveraging these tech-
nological advances is important given the outcomes of latest
endovascular trials which support the use of mechanical
thrombectomy in selected patients with large vessel occlu-
sions after [V thrombolysis is also time dependent in majority
of the patients [27, 63].

Developing regional systems of stroke care should be con-
sidered. Healthcare facilities that provide initial emergency
care, including administration of IV r-tPA, may consider emer-
gency noninvasive intracranial vascular imaging to appropriate-
ly selected patients and may consider transferring if there is
large vessel occlusion amenable for mechanical thrombectomy.
One important point to consider for these hospitals is that ob-
serving patients after IV r-tPA to assess for clinical response
before pursuing endovascular therapy is also not recommended.
Centers capable of providing endovascular therapy should have
24/7 rapid access to cerebral angiography and qualified
neurointerventionalists. Systems should be designed, executed,
and monitored to emphasize expeditious assessment and treat-
ment. Outcomes for all patients should be tracked. Facilities are
encouraged to define criteria that can be used to credential
individuals who can perform safe and timely IA revasculariza-
tion procedures [15]. In addition, it is essential that all institu-
tions construct a parallel processing method which best fits their
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resources and capabilities and participate in outcome registries
if possible [59].

Conclusion

Acute ischemic stroke patient management has evolved tre-
mendously wherein large vessel-related stroke management
once having limited options is now having highly effective
endovascular techniques not only in rates of recanalization
but also decreased rates of disability. Recognition of large
vessel-related stroke including pre-hospital triage, better inter-
hospital transfer protocols, and technological advances includ-
ing telestroke and mobile stroke units hopefully will improve
the rate and timing of endovascular treatment for acute ische-
mic stroke patients and further decrease the stroke-related dis-
ability burden in the USA.
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