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ABSTRACT
Background Recent guidelines for endovascular
management of emergent large vessel occlusion (ELVO)
award top tier evidence to the same selective criteria in
recent trials. We aimed to understand how guideline
adherence would have impacted treatment numbers and
outcomes in a cohort of patients from a comprehensive
stroke center.
Methods A retrospective observational study was
conducted using consecutive emergent endovascular
patients. Mechanical thrombectomy (MT) was performed
with stent retrievers or large bore clot aspiration catheters.
Procedural outcomes were compared between patients
meeting, and those failing to meet, top tier evidence
criteria.
Results 126 patients receiving MT from January 2012 to
June 2015 were included (age 31–89 years, National
Institutes of Health Stroke Scale (NIHSS) score 2–38);
62 (49%) patients would have been excluded if top tier
criteria were upheld: pretreatment NIHSS score <6 (10%),
Alberta Stroke Program Early CT score <6 (6.5%),
premorbid modified Rankin Scale (mRS) score ≥2 (27%),
M2 occlusion (10%), posterior circulation (32%), symptom
to groin puncture >360 min (58%). 26 (42%) subjects had
more than one top tier exclusion. Symptomatic intracerebral
hemorrhage (sICH) and systemic hemorrhage rates were
similar between the groups. 3 month mortality was 45% in
those lacking top tier evidence compared with 26%
(p=0.044), and 3 month mRS score 0–2 was 33% versus
46%, respectively (NS). After adjusting for potential
confounders, top tier treatment was not associated with
neurological improvement during hospitalization (β −8.2;
95% CI −24.6 to −8.2; p=0.321), 3 month mortality
(OR=0.38; 95% CI 0.08 to 1.41), or 3 month favorable
mRS (OR=0.97; 95% CI 0.28 to 3.35).
Conclusions Our study showed that with strict
adherence to top tier evidence criteria, half of patients may
not be considered for MT. Our data indicate no increased
risk of sICH and a potentially higher mortality that is largely
due to treatment of patients with basilar occlusions and
those treated at an extended time window. Despite this,
good functional recovery is possible, and consideration of
MT in patients not meeting top tier evidence criteria may
be warranted.

INTRODUCTION
Recently published guidelines for endovascular
treatment of acute ischemic stroke1 assign the

highest level of evidence to carefully selected
patients mirroring the clinical trial inclusion criteria
from Multicenter Randomized Clinical trial of
Endovascular treatment for Acute ischemic stroke in
the Netherlands (MR CLEAN), Endovascular
Treatment for Small Core and Proximal Occlusion
Ischemic Stroke (ESCAPE), Extending the Time for
Thrombolysis in Emergency Neurological
Deficits-Intra-Arterial (EXTEND-IA), Solitaire With
the Intention For Thrombectomy as Primary
Endovascular Treatment (SWIFT PRIME), and
Endovascular Revascularization With Solitaire
Device Versus Best Medical Therapy in Anterior
Circulation Stroke Within 8 Hours (REVASCAT).2–6

Despite three previous randomized controlled trials
showing no benefit for endovascular treatment,7–9

better team coordination, rapid response times, the
use of newer mechanical thrombectomy (MT) tech-
nologies, and careful patient selection have now
demonstrated improved patient outcomes at
3 months in patients treated with MT. Interestingly,
none of the recent MT papers provide sufficient
data that allow practitioners to fully understand the
prevalence of patients meeting top tier evidence
criteria for endovascular treatment, and it
remains unclear whether MT holds benefit at
3 months for patients outside current guideline
recommendations.
Patients with emergent large vessel occlusion

(ELVO) are a heterogeneous group requiring rapid
and effective revascularization with the likelihood
of benefit decreasing over time elapsed from
symptom onset.10 While exceptions for use of MT
in cases not meeting these strict criteria are allow-
able, it remains unknown whether some centers
will exclude treatment of cases not meeting the
highest level of evidence requirements, thereby
potentially disadvantaging these patients and limit-
ing recovery.11 Additionally, concerns about payer
support for use of MT in patients not meeting top
tier criteria have arisen, given the actions occurring
in some states after the publication of earlier nega-
tive endovascular trials.
While future clinical trials and post market regis-

tries are needed to determine the generalizability of
MT to broader ELVO populations, a need for clini-
cians to make prudent decisions in diverse clinical
settings must be acknowledged in patients with sig-
nificant neurologic disability. We therefore sought
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to compare disability and functional outcomes in patients that
underwent MT at our comprehensive stroke center (CSC),
according to whether these patients met the top tier criteria for
endovascular treatment set forth in the new guidelines.

METHODS
We conducted a retrospective observational study of consecutive
acute ischemic stroke patients registered in our institutional
review board approved database that were treated with MT as
per the local standard of care at our CSC between January 2012
and June 2015. Patients included in the analysis may have
received intravenous (IV) alteplase (recombinant tissue plas-
minogen activator (tPA)) prior to undergoing MT, and MT
methods were not limited to primary deployment of stent retrie-
vers or large bore clot aspiration catheters, consistent with MR
CLEAN3 study procedures.

As per our institutional policy, patients with a National
Institutes of Health Stroke Scale (NIHSS) score of ≥6 or those
with lesser scores and cortical or vertebrobasilar symptoms
underwent CT angiogram of the head and neck within 12 h of
symptom onset. All CT angiograms were evaluated by a vascular
neurologist and neuroendovascular specialist for the presence of
ELVO and intermediate to good collateral score to determine
eligibility for MT.12 Of note, our CSC did not participate in any
of the five pivotal MT trials2–6 that serve as the foundation for
new guideline recommendations. All cases were coded as either
meeting or not meeting top tier evidence recommendations
based on their conformance to the following criteria presented
in the new guidelines:
▸ Pre-stroke modified Rankin Scale (mRS) score 0–1
▸ Acute ischemic stroke with receipt of intravenous recombin-

ant IV tPA within 4.5 h of onset
▸ Causative occlusion of the internal carotid artery or proximal

(M1) middle cerebral artery (MCA)
▸ Age 18 years or older
▸ NIHSS score of ≥6
▸ Alberta Stroke Program Early CT (ASPECT) score of ≥6 and
▸ Treatment that can be initiated (groin puncture) within 6 h

of symptom onset.1

Prospectively collected outcome and process data were used
in this retrospective cohort study as the following dependent
variables: neurological improvement during hospitalization
(defined as the difference between pretreatment and discharge
NIHSS scores); symptomatic intracerebral hemorrhage (sICH),
defined as per the Safe Implementation of Thrombolysis in
Stroke-Monitoring Study (SITS-MOST) definition (parenchymal
hematoma type 2 with NIHSS worsening ≥4 points or death
within 36 h of treatment)13; serious hemorrhage (defined as life
threatening systemic hemorrhage requiring transfusion); time
from groin puncture to recanalization; post-recanalization
Thrombolysis in Cerebral Infarction grade; endovascular pro-
cedural complications; and 90 day mortality and mRS score.

Statistical analyses
Statistical comparisons were performed between patient sub-
groups using the χ2 test, Fisher exact test, unpaired Student
t test, and the Mann–Whitney U test, based on the level of data
analyzed as indicated for dichotomous or continuous variables.
Logistic regression was used to evaluate associations between
endovascular reperfusion therapies performed in accordance
with or against top tier evidence (American Heart Association
class I/level A) recommendations, with both favorable mRS
(0–2) at 3 months and death before and after adjusting for
potential confounders (variables with imbalances between

groups in univariate analyses). Associations are presented as OR
with corresponding 95% CIs. Statistical significance was
achieved if p≤0.05 in multivariate logistic regression analyses.
Finally, we evaluated neurological improvement during
hospitalization between the two groups using multiple linear
regression analyses. Associations were presented as unstandar-
dized linear regression coefficients (β) with corresponding 95%
CIs. The Statistical Package for Social Science (V.11.5 for
Windows; SPSS Inc, Chicago, Illinois, USA) was used for
statistical analyses.

RESULTS
A total of 126 ELVO patients undergoing MTwere included in
the analysis. Sample characteristics are presented in table 1. Our
study population consisted of 64 cases that fulfilled top tier evi-
dence criteria for MT (mean age 64±15 years; 47% men;
median pretreatment NIHSSscore 16 (IQR 14–18)), and 62
(49%) cases that did not meet top tier MT evidence criteria
(mean age 62±13 years; 52% men; median pretreatment
NIHSS score 14 (IQR 7–18) (NS). Characteristics not meeting
top tier evidence for MT in the comparison group included 6
(10%) patients with a pretreatment NIHSS score of <6, 4
(6.5%) patients with an ASPECT score <6, 17 (27%) patients
with a premorbid mRS score ≥2, 6 (10%) patients with M2
occlusions, 20 (32%) patients with posterior circulation occlu-
sions, and 36 (58%) patients with symptom to groin puncture
time >6 h; 26 (42%) subjects had two or more characteristics
removing them from the top tier evidence group.

IV tPA treatment was given to 92% of cases meeting top tier
criteria for MT, whereas only 40% (p<0.001) of non-top tier
cases received IV tPA, primarily due to late arrival after
symptom onset. Top tier cases also had shorter symptom onset
to groin puncture times compared with those not meeting top
tier evidence criteria (234 min (IQR 177–291) vs 381 min (IQR
268–454), respectively; p<0.001) but the median door to groin
puncture times between the two groups were not significantly
different (151 min (IQR 115–190) vs 149 min IQR (115–237),
respectively; p=0.628).

In our cohort, a combination of distal aspiration and stent
triever was used as the most common technique (sometimes
called the ‘solumbra’ technique) in 47 cases (37%). The second
most commonly employed technique was the ADAPT technique,
and this was used in 42 cases (33%). Stent trievers without
distal aspiration were used in 27 cases (21%). The remaining
few cases were mostly cervical carotid occlusions in which acute
angioplasty and stenting was employed.

Cases not meeting top tier evidence criteria were also more
commonly intubated prior to MT for problems including
respiratory insufficiency, stroke severity, and/or medical
comorbidities contributing to decline in mental status (34%
intubated; n=21 patients of whom 13 were basilar artery (BA)
occlusions) compared with top tier evidence cases (16%;
p=0.020). Median ASPECT scores were also higher in cases
meeting top tier criteria for MT compared with others (10 (IQR
10–10) vs 9 (IQR 8–10), respectively; p=0.001). Additionally,
cases not meeting top tier MT evidence included 20 (32%) BA
occlusion patients, and of these, 11 (55%) died while 5 (25%)
achieved mRS ≤2 at the 3 month follow-up.

Rates for sICH were 8% in each group, and serious hemor-
rhage rates were similar at 8% in top tier MT evidence cases
compared with 10% in other cases (p=0.731). Top tier MTevi-
dence cases achieved greater neurologic improvement during
hospitalization (10 points (IQR 6–14)) compared with other
cases (5 points (IQR 1–10); p=0.006) in initial univariate
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analyses. Mortality was significantly lower in top tier evidence
cases at 26% compared with 45% in other cases (p=0.044),
whereas favorable outcome (mRS ≤2) at 3 months was similar at
46% versus 33%, respectively (p=0.158). After adjusting for
potential imbalances between the two groups, including baseline
ASPECT score, IV tPA pretreatment, intubation, and time
elapsed from symptom onset to groin puncture, associations
between endovascular MT in top tier evidence cases and others

did not reach statistical significance in multivariate analysis
(table 3).

DISCUSSION
Our study showed that despite lacking top tier evidence for MT,
33% of cases treated outside these recommendations attained an
mRS score of ≤2 by 3 months, and that nearly half of our MT
cases would have been denied MT if top tier evidence criteria

Table 1 Baseline characteristics of the study groups

Variable
Top tier MT evidence
cases (n=64)*

Cases not meeting top tier
evidence for MT (n=62)† p Value

Demographic characteristics
Age (years) (mean±SD) 64±15 62±13 0.473
Male gender (%) 47 52 0.595
Race (%) 0.991

White 47 47
Black 53 53

Medical history (%)
Hypertension 72 81 0.248
Diabetes mellitus 38 37 0.908
Hypercholesterolemia 38 48 0.217
Atrial fibrillation 33 29 0.646
Smoking 30 32 0.848
Congestive heart failure 11 16 0.433
Coronary artery disease 23 29 0.475

Clinical and imaging characteristics
SBP (mm Hg) (mean±SD) 155±25 160±32 0.323
DBP (mm Hg) (mean±SD) 88±18 92±22 0.257
Glucose (mg/dL) (median, IQR) 125 (95–158) 122 (104–167) 0.791
Admission NIHSS score (median, IQR) 16 (14–18) 14 (7–18) 0.427

ASPECT score (median, IQR) 10 (10–10) 9 (8–10) 0.001
Intravenous thrombolysis (%) 92 40 <0.001
Onset to tPA time (min) (median, IQR) 117 (89–148) 140 (102–207) 0.108
Good collateral score (%) 45 40 0.510

Intubation prior or during the procedure (%) 16 34 0.020
Symptom onset to groin puncture time (min) (median, IQR) 234 (177–291) 381 (268–454) <0.001
Door to groin puncture (min) (median, IQR) 151 (115–190) 149 (115–237) 0.628

*Fulfilling American Heart Association class I level A recommendations.
†Not fulfilling American Heart Association class I level A recommendations.
ASPECT, Alberta Stroke Program Early CT; DBP, diastolic blood pressure; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure;
tPA, tissue plasminogen activator.

Table 2 Outcomes of the study groups in initial univariate analyses

Outcome variable
Top tier MT evidence
cases (n=64)*

Cases not meeting top tier
evidence for MT (n=62)† p Value

Groin puncture to recanalization time (min) (median, IQR) 54 (43–83) 42 (26–60) 0.008
Final TICI IIb/III (%) 69 67 0.854
Reduction in NIHSS score at discharge (from pretreatment NIHSS score)
(median, IQR)

10 (6–14) 5 (1–10) 0.006

sICH (%) 8 8 0.979
Serious hemorrhagic complications (%) 8 10 0.731
Surgical treatment following endovascular therapy (%) 6 7 0.944
Mortality at 3 months (%) 26 45 0.044
mRS 0–2 at 3 months (%) 46 33 0.158

*Fulfilling criteria American Heart Association class I level A recommendations.
†Not fulfilling criteria American Heart Association class I level A recommendations.
mRS, modified Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; TICI, Thrombolysis in Cerebral Infarction; sICH, symptomatic intracerebral
hemorrhage.
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were upheld in clinical practice. Additionally, our data indicated
no increased risk of sICH or serious hemorrhagic complications
in the group that lacked top tier evidence for MT, demonstrat-
ing that a sizeable percentage of patients not meeting top tier
criteria may still have a good outcome with MT.

Our data showed that even though the non-top tier group
was treated later from symptom onset, both groups did not
differ significantly by door to groin puncture times. It is likely
that the top tier inclusion criterion of 6 h played a role in
delayed puncture times from symptom onset in the non-top tier
group and not the door times. Despite guidelines1 endorsing
stent trievers as the technology of choice for thrombectomy, our
data showed that in clinical practice, aspiration and a combin-
ation of technologies (aspiration and stent trievers) played a
greater role in the treatment of ELVO.

Overall, our findings further support dependency of func-
tional recovery on time to intervention, with favorable outcomes
at 3 month achieved by 13% fewer patients when time to groin
puncture was delayed over 360 min. Of note, 15% fewer
patients recovered in the Interventional Management of Stroke
(IMS) 3 trial with angiographic reperfusion delayed to beyond
360 min.10 However, in the ESCAPE trial,3 49 patients under-
went randomization 6 h or more after stroke onset, with the dir-
ection of effect in this subgroup favoring intervention for mRS
0–2 at 90 days. Good collateral scores are able to predict
smaller infarct volumes and better clinical outcome in patients
undergoing MT.12 We conclude that careful selection of patients
for MTwith good collaterals at an extended window may offer
benefit with very little risk, and therefore advocate for future
research in patients outside the 6 h window. Post market regis-
tries rather than future randomized controlled trials may be
more feasible in certain patient subgroups for examining the
value of MT in patients with:
1. Low NIHSS score <6
2. ASPECT score <6
3. Pre-stroke mRS score >1
4. Occlusion of the M2 or M3 portion of the MCAs, anterior

cerebral arteries, vertebral arteries, BAs, or posterior cerebral
arteries and

5. Treatment beyond 6 h from symptom onset for patients with
acute ischemic stroke who have causative occlusion of the
internal carotid artery or proximal MCA (M1).1

We attribute the higher mortality in patients lacking top tier
evidence for MT to the high representation of BA occlusions
(32%) and those treated at an extended time window. BA occlu-
sion has an invariably poor outcome if recanalization is not
achieved early.14 15 Arnold et al showed that lower NIHSS and
recanalization of BA occlusions predict favorable outcomes after
intra-arterial thrombolysis.14 We treated basilar occlusions
beyond the 6 h window with overall mortality similar to that
demonstrated by previous investigators, ranging between 43%
and 45%.14 16

Our study has limitations, including its retrospective observa-
tional design with lack of concurrent controls, a relatively small
sample size, single site and team management, and selection bias
towards more disabled patients with a higher ASPECT score and
good collateral scores. However, as non-participants in any of
the recent endovascular trials from which the new MT guide-
lines were derived,2–6 our study offers a first look at outcomes
of patients treated routinely in a CSC. A multicenter registry
should be established to build knowledge of the value of MT in
patients lacking top tier evidence of favorable outcome. Newer
thrombectomy techniques are being rapidly developed, and add-
itional outcome data in these patients are needed to power
future clinical trials.17

In conclusion, our data support careful use of MT in patients
that do not meet current top tier evidence for favorable
outcome, and continued study of the efficacy and safety of
current and evolving technologies to manage ELVO in broader
patient populations. The role of MT could be significantly
expanded if patients are selected based on risk of severe disabil-
ity and favorable parenchymal/collateral imaging findings,
instead of time and occlusion location.
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