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What is not in the Guidelines ?

• Age < 18 years
•Mild Strokes: NIHSS 0-5
• Large Strokes: ASPECTS 0-6
• Time > 24 hours
• Posterior Circulation
• Distal & Medium Vessel Occlusions
• Tandem Occlusions
• Adjunctive thrombolytics

What is the next ?
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BACKGROUND
Data from trials investigating the effects and risks of endovascular thrombectomy 
for the treatment of stroke due to basilar-artery occlusion are limited.

METHODS
We conducted a multicenter, prospective, randomized, controlled trial of endovas-
cular thrombectomy for basilar-artery occlusion at 36 centers in China. Patients 
were assigned, in a 2:1 ratio, within 12 hours after the estimated time of basilar-
artery occlusion to receive endovascular thrombectomy or best medical care (con-
trol). The primary outcome was good functional status, defined as a score of 0 to 
3 on the modified Rankin scale (range, 0 [no symptoms] to 6 [death]), at 90 days. 
Secondary outcomes included a modified Rankin scale score of 0 to 2, distribution
across the modified Rankin scale score categories, and quality of life. Safety out-
comes included symptomatic intracranial hemorrhage at 24 to 72 hours, 90-day 
mortality, and procedural complications.

RESULTS
Of the 507 patients who underwent screening, 340 were in the intention-to-treat 
population, with 226 assigned to the thrombectomy group and 114 to the control 
group. Intravenous thrombolysis was used in 31% of the patients in the thrombec-
tomy group and in 34% of those in the control group. Good functional status at 
90 days occurred in 104 patients (46%) in the thrombectomy group and in 26
(23%) in the control group (adjusted rate ratio, 2.06; 95% confidence interval [CI],
1.46 to 2.91, P<0.001). Symptomatic intracranial hemorrhage occurred in 12 pa-
tients (5%) in the thrombectomy group and in none in the control group. Results
for the secondary clinical and imaging outcomes were generally in the same direc-
tion as those for the primary outcome. Mortality at 90 days was 37% in the throm-
bectomy group and 55% in the control group (adjusted risk ratio, 0.66; 95% CI, 
0.52 to 0.82). Procedural complications occurred in 14% of the patients in the
thrombectomy group, including one death due to arterial perforation.

CONCLUSIONS
In a trial involving Chinese patients with basilar-artery occlusion, approximately 
one third of whom received intravenous thrombolysis, endovascular thrombectomy 
within 12 hours after stroke onset led to better functional outcomes at 90 days 
than best medical care but was associated with procedural complications and in-
tracerebral hemorrhage. (Funded by the Program for Innovative Research Team of 
the First Affiliated Hospital of USTC and others; ATTENTION ClinicalTrials.gov 
number, NCT04751708.)
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BACKGROUND
The effects and risks of endovascular thrombectomy 6 to 24 hours after stroke
onset due to basilar-artery occlusion have not been extensively studied.

METHODS
In a trial conducted over a 5-year period in China, we randomly assigned, in a 1:1
ratio, patients with basilar-artery stroke who presented between 6 to 24 hours 
after symptom onset to receive either medical therapy plus thrombectomy or 
medical therapy only (control). The original primary outcome, a score of 0 to 4 on
the modified Rankin scale (range, 0 to 6, with a score of 0 indicating no disabil-
ity, 4 moderately severe disability, and 6 death) at 90 days, was changed to a good 
functional status (a modified Rankin scale score of 0 to 3, with a score of 3 indi-
cating moderate disability). Primary safety outcomes were symptomatic intracra-
nial hemorrhage at 24 hours and 90-day mortality.

RESULTS
A total of 217 patients (110 in the thrombectomy group and 107 in the control 
group) were included in the analysis; randomization occurred at a median of 663
minutes after symptom onset. Enrollment was halted at a prespecified interim 
analysis because of the superiority of thrombectomy. Thrombolysis was used in 
14% of the patients in the thrombectomy group and in 21% of those in the control 
group. A modified Rankin scale score of 0 to 3 (primary outcome) occurred in 51
patients (46%) in the thrombectomy group and in 26 (24%) in the control group
(adjusted rate ratio, 1.81; 95% confidence interval [CI], 1.26 to 2.60; P<0.001). The
results for the original primary outcome of a modified Rankin scale score of 0 to 
4 were 55% and 43%, respectively (adjusted rate ratio, 1.21; 95% CI, 0.95 to 1.54). 
Symptomatic intracranial hemorrhage occurred in 6 of 102 patients (6%) in the 
thrombectomy group and in 1 of 88 (1%) in the control group (risk ratio, 5.18; 95% 
CI, 0.64 to 42.18). Mortality at 90 days was 31% in the thrombectomy group and 
42% in the control group (adjusted risk ratio, 0.75; 95% CI, 0.54 to 1.04). Proce-
dural complications occurred in 11% of the patients who underwent thrombectomy.

CONCLUSIONS
Among patients with stroke due to basilar-artery occlusion who presented 6 to 24 
hours after symptom onset, thrombectomy led to a higher percentage with good 
functional status at 90 days than medical therapy but was associated with proce-
dural complications and more cerebral hemorrhages. (Funded by the Chinese 
National Ministry of Science and Technology; BAOCHE ClinicalTrials.gov number, 
NCT02737189.)
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BACKGROUND
The effectiveness of endovascular therapy in patients with stroke caused by basilar-
artery occlusion has not been well studied.

METHODS
We randomly assigned patients within 6 hours after the estimated time of onset
of a stroke due to basilar-artery occlusion, in a 1:1 ratio, to receive endovascular 
therapy or standard medical care. The primary outcome was a favorable functional 
outcome, defined as a score of 0 to 3 on the modified Rankin scale (range, 0 to 6, 
with 0 indicating no disability, 3 indicating moderate disability, and 6 indicating 
death) at 90 days. The primary safety outcomes were symptomatic intracranial hem-
orrhage within 3 days after the initiation of treatment and mortality at 90 days.

RESULTS
A total of 300 patients were enrolled (154 in the endovascular therapy group and 
146 in the medical care group). Intravenous thrombolysis was used in 78.6% of the
patients in the endovascular group and in 79.5% of those in the medical group. 
Endovascular treatment was initiated at a median of 4.4 hours after stroke onset. 
A favorable functional outcome occurred in 68 of 154 patients (44.2%) in the endo-
vascular group and 55 of 146 patients (37.7%) in the medical care group (risk ratio, 
1.18; 95% confidence interval [CI], 0.92 to 1.50). Symptomatic intracranial hemor-
rhage occurred in 4.5% of the patients after endovascular therapy and in 0.7% of
those after medical therapy (risk ratio, 6.9; 95% CI, 0.9 to 53.0); mortality at 90
days was 38.3% and 43.2%, respectively (risk ratio, 0.87; 95% CI, 0.68 to 1.12).

CONCLUSIONS
Among patients with stroke from basilar-artery occlusion, endovascular therapy 
and medical therapy did not differ significantly with respect to a favorable func-
tional outcome, but, as reflected by the wide confidence interval for the primary 
outcome, the results of this trial may not exclude a substantial benefit of endovas-
cular therapy. Larger trials are needed to determine the efficacy and safety of 
endovascular therapy for basilar-artery occlusion. (Funded by the Dutch Heart 
Foundation and others; BASICS ClinicalTrials.gov number, NCT01717755; Nether-
lands Trial Register number, NL2500.)
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Summary
Background Previous randomised trials have shown an overwhelming benefit of mechanical thrombectomy for 
treating patients with stroke caused by large vessel occlusion of the anterior circulation. Whether endovascular 
treatment is beneficial for vertebrobasilar artery occlusion remains unknown. In this study, we aimed to investigate 
the safety and efficacy of endovascular treatment of acute strokes due to vertebrobasilar artery occlusion.

Methods We did a multicentre, randomised, open-label trial, with blinded outcome assessment of thrombectomy in 
patients presenting within 8 h of vertebrobasilar occlusion at 28 centres in China. Patients were randomly assigned 
(1:1) to endovascular therapy plus standard medical therapy (intervention group) or standard medical therapy alone 
(control group). The randomisation sequence was computer-generated and stratified by participating centres. 
Allocation concealment was implemented by use of sealed envelopes. The primary outcome was a modified Rankin 
scale (mRS) score of 3 or lower (indicating ability to walk unassisted) at 90 days, assessed on an intention-to-treat 
basis. The primary safety outcome was mortality at 90 days. Secondary safety endpoints included the rates of 
symptomatic intracranial haemorrhage, device-related complications, and other severe adverse events. The BEST trial 
is registered with ClinicalTrials.gov, NCT02441556.

Findings Between April 27, 2015, and Sept 27, 2017, we assessed 288 patients for eligibility. The trial was terminated 
early after 131 patients had been randomly assigned (66 patients to the intervention group and 65 to the control group) 
because of high crossover rate and poor recruitment. In the intention-to-treat analysis, there was no evidence of a 
difference in the proportion of participants with mRS 0–3 at 90 days according to treatment (28 [42%] of 66 patients in 
the intervention group vs 21 [32%] of 65 in the control group; adjusted odds ratio [OR] 1·74, 95% CI 0·81–3·74). 
Secondary prespecified analyses of the primary outcome, done to assess the effect of crossovers, showed higher rates 
of mRS 0–3 at 90 days in patients who actually received the intervention compared with those who received standard 
medical therapy alone in both per-protocol (28 [44%] of 63 patients with intervention vs 13 [25%] of 51 with standard 
therapy; adjusted OR 2·90, 95% CI 1·20–7·03) and as-treated (36 [47%] of 77 patients with intervention vs 13 [24%] of 
54 with standard therapy; 3·02, 1·31–7·00) populations. The 90-day mortality was similar between groups (22 [33%] 
of 66 patients in the intervention vs 25 [38%] of 65 in the control group; p=0·54) despite a numerically higher prevalence 
of symptomatic intracranial haemorrhage in the intervention group.

Interpretation There was no evidence of a difference in favourable outcomes of patients receiving endovascular 
therapy compared with those receiving standard medical therapy alone. Results might have been confounded by loss 
of equipoise over the course of the trial, resulting in poor adherence to the assigned study treatment and a reduced 
sample size due to the early termination of the study.

Funding Jiangsu Provincial Special Program of Medical Science.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Previous randomised trials have shown an overwhelming 
benefit of mechanical thrombectomy for treating acute 
ischaemic stroke due to large vessel occlusion.1–4 However, 
these trials were limited to occlusive lesions involving
the proximal anterior circulation. Whether endovascular 

treatment is beneficial for acute vertebrobasilar artery 
occlusion remains unknown. Although basilar occlusion 
accounts for approximately 1% of all ischaemic strokes 
and 5–10% of all proximal intracranial occlusions, it rep-
resents a neurological catastrophe, with severe disability 
and death occurring in about 70% of patients.5,6 Available 
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Bouslama M, Siddiqui AH; Mechanical Thrombectomy versus Medical Management for Acute Basilar Artery Occlusions: A Meta-Analysis of 
Randomized Trials, INR, In Press

Large Core Strokes (ASPECTS <6)

Trial ClinicalTrials.gov Identifier Imaging Criteria

RESCUE-JAPAN LIMIT NCT03702413 NCCT or DWI ASPECTS 3-5

TESLA NCT03805308 NCCT ASPECTS 2-5

TENSION NCT03094715 NCCT or DWI ASPECTS 3-5

ANGEL-ASPECT NCT04551664 NCCT ASPECTS: 3-5 or CTP (rCBF<30%] MRI
(ADC<620) 70-100cc or both

IN EXTREMIS Large Stroke
Therapy Evaluation (LASTE)

NCT03811769 NCCT or DWI ASPECTS 0-5 and in patients >80 years
NCCT or DWI ASPECTS 4-5

SELECT-2 NCT03876457 NCCT (ASPECTS: 3-5) or advanced perfusion imaging 
([rCBF<30%] on CTP or [ADC<620] on MRI: ≥50cc) or 
both

Low ASPECTS / Large Core Thrombectomy Trials 

Bouslama M, Siddiqui AH; Mechanical Thrombectomy in Low Alberta Stroke Program Early CT Score (ASPECTS): A Meta-Analysis of Randomized 
Controlled Trials, Under review

mRS 0-3 mRS 0-2

Mortality sICH

Considerations in Large Core Thrombectomy

Bouslama et al, Endovascular reperfusion outcomes in patients with a stroke and low ASPECTS is highly dependent on baseline infarct volumes, 
JNIS 2021

2 Bouslama M, et al. J NeuroIntervent Surg 2021;0:1–5. doi:10.1136/neurintsurg-2020-017184

Neuroimaging

Imaging protocol/CTP parameters
All patients included underwent an institutional imaging 
protocol, including NCCT±CT angiography and CTP. Imaging 
acquisition parameters were uniform for all patients included in 
the study. Baseline NCCT was used to determine CT ASPECTS by 
two experienced vascular neurologists. In cases where there was 
discordance, the scans were re-adjudicated to reach consensus. 
CTP was evaluated by fully automated software (RAPID version 
4.5.0, iSchemaView, Menlo Park, California, USA). The ischemic 
tissue volume (ischemic core) was defined by a voxel relative 
cerebral blood flow of <30% of the normal tissues. The total 
hypoperfused volume was defined by >6 s delay in the time-to-
maximum of the tissue residue function (Tmax), and a penum-
bral volume of at-risk tissue defined by the difference between 
total hypoperfused and ischemic core tissue estimates.10

Final infarct volume calculations
Follow-up MRI scans were obtained preferably within the first 72 
hours after ET and were performed on a 1.5 T Magnetom Aera 
(Siemens, Erlangen, Germany). Images were subsequently trans-
ferred to a separate workstation for analysis and calculation of 
full infarct volume (FIV). FIV was semi-automatically measured
in the DWI (b-value 1000) sequence or fluid-attenuated inver-
sion recovery (FLAIR) sequence, if more than 72 hours after
the procedure, by dedicated stroke research personnel using the 
Voxel Volume plugin (developed by Soren Christensen, Stan-
ford, 2016) for Osirix 64-bit (Pixmeo, Geneva, Switzerland). 
Variable window width and center level settings were used for
optimal detection and delineation of hyperintensities within 
the DWI/FLAIR sequences. Where MRI was not available, 
follow-up NCCT was used to calculate final infarct volumes.
Edema producing sulcal effacement was not excluded. Hemor-
rhagic transformation was incorporated in the FIV whenever
present.

Statistical analysis
The Shapiro-Wilk test was used to assess the normality of the 
variables. Continuous variables were reported as mean±SD if 
normally distributed or median (IQR) if non-parametric. Cate-
gorical variables were reported as proportions. Between groups, 
comparisons for continuous/ordinal variables were made with 
Student t-test, Mann-Whitney U test, analysis of variance, as 
appropriate. Categorical variables were compared by Chi-square 
test and Fisher exact test, as appropriate. Pairwise deletion was 
used to handle missing data. Multivariate logistic regression 
analyses for predictors of good outcomes were performed for 
variables at the 0.1 level of significance on univariate analysis. 
Significance was set at p<0.05, and all p values were two sided. 
Statistical analysis was performed using IBM SPSS Statistics 26 
(IBM-Armonk, New York, USA).

RESULTS
Over the study period, 1248 patient fit inclusion criteria, 
including 125 patients with low ASPECTS (0–5), of whom 16 
(12.8%) had large infarct volume, and 1123 with high ASPECTS 
(6-10), of whom 29 (2.6%) had large infarct volume (figure 1). 
Significant disagreement between CTP core and ASPECTS cate-
gories was found in classifying patients according to their stroke 
burden ((high ASPECTS vs low ASPECTS) vs ((high infarct 
volume vs low infarct volume), p<0.001; table 1, online supple-
mental table 1).

Population with low ASPECTS
Patients with large infarct volume were younger (41 (37-55) vs 
59 (47-70), p=0.008) and had shorter time to treatment (269 
(166–348) min vs 452 (293–778) min, p=0.02). There was also 
a non-statistically significant trend towards higher National Insti-
tutes of Health Stroke Scale (NIHSS) and lower rates of atrial 
fibrillation in the large infarct volume group. Otherwise, base-
line characteristics were comparable between groups (table 2).

For outcomes, there were no differences in rates of successful
reperfusion (mTICI 2b/3, 93.8% vs 95.4%, p=0.57 or 90-day
mortality, 25% vs 17.6%, p=0.5). However, patients with a 
large infarct volume tended to have higher rates of hemor-
rhagic transformation (any PH, 31.3% vs 12.8%, p=0.07),
hemicraniectomy (37.5% vs 3.7%, p<0.001), and had large 
final infarct volumes (164.2 mL (127–238.2) vs 86.3 (43.9–
147), p<0.004). A non-significant trend was seen towards 
worse outcome at 90 days in the large core (LC) group (mRS 
score 0–2, 18.8% vs 38.9%, p=0.12; table 3). This became 
significant on multivariate analysis after adjusting for potential 
confounders (aOR=0.12, 95% CI 0.016 to 0.912, p=0.04; 
online supplemental table 2)

Figure 1 Illustrative cases. (I) Low ASPECTS/low core: older woman,
ASPECTS 5, CTP core volume 13 cc, reperfusion TICI 2c, 90-day mRS 
score 1. (II) Low ASPECTS/high core: middle-aged women, ASPECTS 
5, CTP core volume 97 cc, reperfusion TICI 3, 90-day mRS score 4. (III) 
High ASPECTS/low core: older man, ASPECTS 10, CTP core volume 0 cc,
reperfusion TICI 3, 90-day mRS score 0. (IV) High ASPECTS/high core:
older man, ASPECTS 10, CTP core volume 76.8 cc, reperfusion TICI 2b,
90-day mRS score 6. (A) Non-contrast CT; (B) CTP (relative cerebral 
blood flow <30%); (C) DWI-MRI. ASPECTS, Alberta Stroke Program 
Early CT Score; CTP, CT perfusion; mRS, modified Rankin Scale; TICI,
Thrombolysis in Cerebral Infarction.

Table 1 Agreement between Alberta Stroke Program Early CT Score 
(ASPECTS) and CT perfusion core volume categories

n=1248
Ischemic core ≤70 cc 
(n=1203)

Ischemic core >70cc
(n=45)

ASPECTS 6–10 (n=1123) 1094 (97.4%, 90.9%) 29 (2.6%, 64.4%)

ASPECTS 0–5 (n=125) 109 (87.2%, 9.1%) 16 (12.8%, 35.6%)
McNemar Test for discordant pairs p<0.0001.
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Population with high ASPECTS
Patients with large infarct volume were younger (55 (45–62) vs 
66 (65–76), p=0.03) and had a trend towards higher baseline 
NIHSS scores (20 (15–23) vs 16 (11.5–20), p=0.06). Other-
wise, baseline characteristics were comparable between groups 
(table 2).

No differences between groups were seen for procedural 
and clinical outcomes, including rates of successful reperfusion 
(100% vs 95%, p=0.4), any PH (6.9% vs 7.2%, p=1.00) and 
90-day mortality (13.8% vs 13.5%, p=1.00). Patients with large 
infarct volume had significantly lower rates of good outcome 
at 90 days (mRS score 0–2, 31% vs 51.9%, p=0.03) and larger 
final infarct volumes (73.7 mL (33.2–136.2) vs 23 (9.8–53.2), 
p=0.01; table 3). On multivariate analysis, large infarct volume 
was associated with worse outcomes (aOR=0.293, 95% CI 
0.095 to 0.909, p=0.04; online supplemental table 2).

Other comparisons between groups
There was no significant difference in the outcomes of patients 
with low ASPECTS and low infarct volume versus those with 
high ASPECTS and high infarct volume (90-day mRS score 
0–2, 38.9% vs 31%, p=0.44) or patients with low ASPECTS 
high infarct volume versus high ASPECTS high infarct volume 
(90-day mRS score 0–2, 18.8% vs 31%, p=0.37). Conversely, 
patients with low ASPECTS and low infarct volume had worse 

outcomes than those with high ASPECTS low infarct volume 
(90-day mRS score 0–2, 38.9% vs 51.9%, p=0.01). Similarly, 
patients with low ASPECTS and high infarct volume had signifi-
cant lower chances of achieving good outcomes than those with 
high ASPECTS low infarct volume (90-day mRS score 0–2: 
18.8% vs 51.9%, p=0.009).

Predictors of 90-day good outcomes
In the overall cohort, after including both infarct volumes 
and ASPECTS in the multivariate predictive model, lower age 
(aOR=0.958, 95% CI 0.947 to 0.97, p<0.0001), lower baseline 
NIHSS score (aOR=0.896, 95% CI 0.873 to 0.92, p<0.0001), 
shorter time to treatment (aOR=0.999, 95% CI 0.999 to 0.999, 
p<0.0001), and both higher ASPECTS (aOR=2.112, 95% CI 
1.254 to 3.556, p<0.005), and lower baseline infarct volume 
(aOR=3.996, 95% CI 1.536 to 10.395, p<0.005), were found 
to be independently associated with good outcomes at 90 days.

DISCUSSION
ET is now considered the ‘gold standard’ in the treatment of 
LVOS presenting in the early and late therapeutic windows,1 11–13

and its indications are progressively increasing. Current guide-
lines, however, have stringent criteria that may lead to the exclu-
sion of many patients who might still, even if to a lesser extent, 

Table 2 Baseline characteristics: CT perfusion core versus ASPECTS
ASPECTS 0–5 (n=125) ASPECTS 6–10 (n=1123)

Core ≤70 cc (n=107) Core >70 cc (n=14) P value Core ≤70 cc (n=1065) Core >70 cc (n=28) P value

Age 59 (47–70) 41 (37–55) 0.008 66 (65–76) 55 (45–62) 0.03

Gender (male) 55 (50.5) 11 (68.8) 0.17 537 (49.1) 17 (58.6) 0.31

Hypertension 74 (67.9) 9 (56.3) 0.36 818 (74.8) 21 (72.4) 0.77

Dyslipidemia 31 (28.4) 2 (12.5) 0.23 366 (33.5) 7 (24.1) 0.33

Diabetes 25 (22.9) 2 (12.5) 0.52 260 (23.8) 5 (17.2) 0.42

Atrial fibrillation 29 (26.6) 1 (6.3) 0.12 338 (30.9) 5 (17.2) 0.12

Smoking 27 (25.2) 2 (14.3) 0.51 218 (20.5) 8 (28.6) 0.3

Glucose 118 (97–142) 115 (102–125) 0.66 117.5 (98.5–114.5) 123 (102–129) 0.61

Baseline NIHSS score 17 (14–23) 21 (17–25) 0.26 16 (11.5–20) 20 (15–23) 0.06

Systolic BP 139 (123–160) 145 (127–159) 0.71 152 (130–177) 149 (135–188) 0.66

Laterality (Left) 58 (53.2) 7 (43.8) 0.48 539 (49.2) 12 (41.4) 0.4

IV tPA 35 (32.1) 5 (31.3) 0.95 377 (34.5) 12 (41.4) 0.45

LKN—puncture time (min) 452 (293–778) 269 (166–348) 0.02 385.5 (236–663) 272 (240–483) 0.2
ASPECTS, Alberta Stroke Program Early CT score; BP, blood pressure; LKN, last known well; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator.

Table 3 Outcome measures
ASPECTS 0–5 (n=125) ASPECTS 6–10 (n=1123)

Core≤70 cc (n=108) Core>70 cc (n=16) P value Core≤70 cc (n=1094) Core>70 cc (n=29) P value

mTICI 2b/3 104 (95.4) 15 (93.8) 0.57 1039 (95.0) 29 (100) 0.4

mTICI 3 47 (43.1) 7 (43.8) 0.96 613 (56.0) 17 (58.6) 0.78

Any PH 14 (12.8) 5 (31.3) 0.07 79 (7.2) 2 (6.9) 1.00

Hemicraniectomy 4 (3.7) 6 (37.5) <0.001 14 (1.3) 1 (3.4) 0.33

FIV (mL) 86.3 (43.9–147) 164.2 (127–238.2) 0.004 23 (9.8–53.2) 73.7 (33.2–136.2) 0.01

90- day mRS score 0–2 42 (38.9) 3 (18.8) 0.12 559 (51.9) 9 (31.0) 0.03

90- Day mortality 19 (17.6) 4 (25.0) 0.5 146 (13.5) 4 (13.8) 1.00
ASPECTS, Alberta Stroke Program Early CT Score; FIV, final infarct volume; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; PH, parenchymal 
hematoma.
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rescue MT 88%), and the rest of the patients was treated 
with aspiration catheters on first pass or throughout the pro-
cedure. Reperfusion rates were similarly high in IMT versus 
rescue-MT patients (87.5% versus 92%; P=0.72). The MT 
procedure was performed in general anesthesia in around 
half the cases in both groups (IMT 55% versus rescue MT 
48%), and the rest of the patients were treated in conscious 
sedation or monitored anesthesia care. Onset to treatment 
time and door to needle time showed a trend towards being 
shorter in IMT patients, and door to arterial puncture time 
was per definition much shorter in IMT than rescue MT 
patients (89±72 versus 322±340 minutes; P<0.001). Rates 
of sICH were low in both groups but were numerically lower 
in BMM-MT patients (5% versus 1.4%; P=0.26). Rates of 
good outcomes as well as the chances of returning to base-
line mRS were significantly higher in IMT patients (85% 
versus 70%, P=0.011 and 86.3% versus 74.5%, P=0.041). 
There were trends, but no significant differences in the rates 
of 90-day excellent outcome (61.3% versus 56.5%; P=0.18) 
or mortality (3.2% versus 8.3%; P=0.15) in IMT versus 
BMM-MT patients. Analyzing only patients who received 
intravenous thrombolysis (n=152), the difference in rates of 
good outcomes was numerically greater than in the whole 
cohort (IMT 81.6% versus BMM-MT 64.9%; P=0.068), 
but because of the lower sample size, this was not statis-
tically significant. After excluding patients with basilar ar-
tery occlusion from the analysis, we found the difference 
in the primary end point remained significant (90-day mRS 
0–2: IMT 83.8% versus BMM 70.1%; P=0.021). Younger 
age (66.4±13.7 versus 73.8±13.2; P<0.001), lower baseline 
mRS (0, 0–2 versus 0, 0–4; P<0.001), IMT (84.6% versus 
69.4%; P=0.011), and absence of hypertension (68.5% 
versus 80.8%; P=0.041) were the only factors significantly 
associated with good outcome on univariate analysis in the 
whole cohort. However, only IMT (OR, 3.1; 95% CI [1.4–
6.9]) and baseline mRS (OR, 0.31; 95% CI [0.21–0.44]) 
were identified as independent predictors of good outcome 
on multivariate analysis. Notably, separating the BMM-MT 
group into those with pure medical management (n=195) 
and those with rescue MT (n=25), we found that patients 
with rescue MT had the lowest rates of good outcome 
(54.5% for rescue-MT versus 71.7% for BMM alone versus 
85% for IMT; P=0.007)

Matched Cohort
The matching algorithm generated 77 pairs of IMT-BMM-MT 
patients, of which 2 had an Euclidian distance higher than the 
preset threshold and thus were excluded from further consid-
eration. Baseline characteristics were well balanced between 
groups except for higher rates of atrial fibrillation in the IMT 
group (45.5% versus 28.6%; P=0.03; Table 2) and baseline 
ASPECTS (10 versus 9; P=0.002; Table 2). However, this 
imbalance in ASPECTS between groups was not reflected in 
an association of ASPECTS with good outcome (10 [9–10] 
versus 10 [9–10]; P=0.09).

IMT patients had significantly higher rates of good out-
comes (84.4% versus 70.1%; P=0.03; Figure). Excellent 
outcome was not significantly different (61% versus 53.2%; 
P=0.33). Rates of sICH were numerically higher in IMT (5.2% 

versus 2.6%; P=0.37) but were not significantly different. 
Mortality was low in both groups (3.9% versus 5.2%; P=0.83).

Table 3 displays different options of 90-day mRS shift 
analyses. There was a significant shift favoring the IMT group 
when scores 0, 1, and 2 as well as 5 and 6 were aggregated 
(option B, OR, 2.29; 95% CI [1.05–4.98]; P=0.03). Two other 
modified analysis showed a trend in mRS shift favoring IMT 
(options C and D). The classic shift analysis, however, did not 
show a significant shift favoring the IMT group (option A, 
OR, 1.34; 95% CI [0.76–2.35]; P=0.32).

Table 2. Matched Analysis for Both Cohorts

Patient Characteristics IMT (n=77)
BMM-MT 
(n=77) P Value

Age, y* (median [IQR]) 68.5 [58–75] 69.5 [63–77] 0.68†

Baseline NIHSS* (median 
[IQR])

3.5 [3–5] 4 [4–5] 0.74†

Gender (male), n (%) 42 (54.5) 45 (58.4) 0.63‡

Hypertension, n (%) 54 (70.1) 55 (71.4) 0.86‡

Dyslipidemia, n (%) 28 (36.4) 30 (39.0) 0.74‡

Diabetes mellitus, n (%) 12 (15.6) 13 (16.9) 0.83‡

Atrial fibrillation, n (%) 35 (45.5) 22 (28.6) 0.03‡§

Smoking, n (%) 14 (18.2) 23 (20.8) 0.69‡

Baseline mRS   0.77†

    0 65 (84.4) 58 (84.1)  

    1 7 (9.1) 9 (13)  

    2 5 (6.5) 2 (2.9)  

Occlusion site*   1.00‡

ICA-T 7 (9.1) 7 (9.1)

Tandem 9 (11.7) 9 (11.7)

M1 32 (41.6) 32 (41.6)

M2 23 (29.9) 23 (29.9)

Basilar 6 (7.8) 6 (7.8)

ASPECTS, median[IQR] 10 [9–10] 9 [8.5–10] 0.002†§

MAP, mm Hg median [IQR] 115[108–128] 118[104–146] 0.35†

IV t-PA, n (%) 36 (46.8) 42 (54.5) 0.33‡

sICH, n (%) 4 (5.2) 2 (2.6) 0.41‖

Excellent outcome (mRS, 
0–1), n (%)

47 (61.0) 41 (53.2) 0.33‡

Good outcome (mRS, 0–2), 
n (%)

65 (84.4) 54 (70.1) 0.03‡§

Mortality, n (%) 3 (3.9) 4 (5.2) 0.73‡

ASPECTS indicates Alberta Stroke Program Early CT Score; BMM, best 
medical management; ICA, intracranial internal carotid; IMT, immediate 
mechanical thrombectomy; IQR, interquartile range; IV-tPA, intravenous tissue-
type plasminogen activator; MAP, mean arterial pressure; mRS, modified 
Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of 
Health Stroke Scale; and sICH, symptomatic intracranial hemorrhage.

*The 2 groups were matched for these variables.
†Mann-Whitney test.
‡Pearson χ2 test.
§Statistically significant (P<0.05)
‖Fisher exact test.
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rescue MT 88%), and the rest of the patients was treated 
with aspiration catheters on first pass or throughout the pro-
cedure. Reperfusion rates were similarly high in IMT versus 
rescue-MT patients (87.5% versus 92%; P=0.72). The MT 
procedure was performed in general anesthesia in around 
half the cases in both groups (IMT 55% versus rescue MT 
48%), and the rest of the patients were treated in conscious 
sedation or monitored anesthesia care. Onset to treatment 
time and door to needle time showed a trend towards being 
shorter in IMT patients, and door to arterial puncture time 
was per definition much shorter in IMT than rescue MT 
patients (89±72 versus 322±340 minutes; P<0.001). Rates 
of sICH were low in both groups but were numerically lower 
in BMM-MT patients (5% versus 1.4%; P=0.26). Rates of 
good outcomes as well as the chances of returning to base-
line mRS were significantly higher in IMT patients (85% 
versus 70%, P=0.011 and 86.3% versus 74.5%, P=0.041). 
There were trends, but no significant differences in the rates 
of 90-day excellent outcome (61.3% versus 56.5%; P=0.18) 
or mortality (3.2% versus 8.3%; P=0.15) in IMT versus 
BMM-MT patients. Analyzing only patients who received 
intravenous thrombolysis (n=152), the difference in rates of 
good outcomes was numerically greater than in the whole 
cohort (IMT 81.6% versus BMM-MT 64.9%; P=0.068), 
but because of the lower sample size, this was not statis-
tically significant. After excluding patients with basilar ar-
tery occlusion from the analysis, we found the difference 
in the primary end point remained significant (90-day mRS 
0–2: IMT 83.8% versus BMM 70.1%; P=0.021). Younger 
age (66.4±13.7 versus 73.8±13.2; P<0.001), lower baseline 
mRS (0, 0–2 versus 0, 0–4; P<0.001), IMT (84.6% versus 
69.4%; P=0.011), and absence of hypertension (68.5% 
versus 80.8%; P=0.041) were the only factors significantly 
associated with good outcome on univariate analysis in the 
whole cohort. However, only IMT (OR, 3.1; 95% CI [1.4–
6.9]) and baseline mRS (OR, 0.31; 95% CI [0.21–0.44]) 
were identified as independent predictors of good outcome 
on multivariate analysis. Notably, separating the BMM-MT 
group into those with pure medical management (n=195) 
and those with rescue MT (n=25), we found that patients 
with rescue MT had the lowest rates of good outcome 
(54.5% for rescue-MT versus 71.7% for BMM alone versus 
85% for IMT; P=0.007)

Matched Cohort
The matching algorithm generated 77 pairs of IMT-BMM-MT 
patients, of which 2 had an Euclidian distance higher than the 
preset threshold and thus were excluded from further consid-
eration. Baseline characteristics were well balanced between 
groups except for higher rates of atrial fibrillation in the IMT 
group (45.5% versus 28.6%; P=0.03; Table 2) and baseline 
ASPECTS (10 versus 9; P=0.002; Table 2). However, this 
imbalance in ASPECTS between groups was not reflected in 
an association of ASPECTS with good outcome (10 [9–10] 
versus 10 [9–10]; P=0.09).

IMT patients had significantly higher rates of good out-
comes (84.4% versus 70.1%; P=0.03; Figure). Excellent 
outcome was not significantly different (61% versus 53.2%; 
P=0.33). Rates of sICH were numerically higher in IMT (5.2% 

versus 2.6%; P=0.37) but were not significantly different. 
Mortality was low in both groups (3.9% versus 5.2%; P=0.83).

Table 3 displays different options of 90-day mRS shift 
analyses. There was a significant shift favoring the IMT group 
when scores 0, 1, and 2 as well as 5 and 6 were aggregated 
(option B, OR, 2.29; 95% CI [1.05–4.98]; P=0.03). Two other 
modified analysis showed a trend in mRS shift favoring IMT 
(options C and D). The classic shift analysis, however, did not 
show a significant shift favoring the IMT group (option A, 
OR, 1.34; 95% CI [0.76–2.35]; P=0.32).

Table 2. Matched Analysis for Both Cohorts

Patient Characteristics IMT (n=77)
BMM-MT 
(n=77) P Value

Age, y* (median [IQR]) 68.5 [58–75] 69.5 [63–77] 0.68†

Baseline NIHSS* (median 
[IQR])

3.5 [3–5] 4 [4–5] 0.74†

Gender (male), n (%) 42 (54.5) 45 (58.4) 0.63‡

Hypertension, n (%) 54 (70.1) 55 (71.4) 0.86‡

Dyslipidemia, n (%) 28 (36.4) 30 (39.0) 0.74‡

Diabetes mellitus, n (%) 12 (15.6) 13 (16.9) 0.83‡

Atrial fibrillation, n (%) 35 (45.5) 22 (28.6) 0.03‡§

Smoking, n (%) 14 (18.2) 23 (20.8) 0.69‡

Baseline mRS 0.77†

0 65 (84.4) 58 (84.1)

1 7 (9.1) 9 (13)

    2 5 (6.5) 2 (2.9)

Occlusion site* 1.00‡

    ICA-T 7 (9.1) 7 (9.1)

    Tandem 9 (11.7) 9 (11.7)

    M1 32 (41.6) 32 (41.6)

    M2 23 (29.9) 23 (29.9)

    Basilar 6 (7.8) 6 (7.8)

ASPECTS, median[IQR] 10 [9–10] 9 [8.5–10] 0.002†§

MAP, mm Hg median [IQR] 115[108–128] 118[104–146] 0.35†

IV t-PA, n (%) 36 (46.8) 42 (54.5) 0.33‡

sICH, n (%) 4 (5.2) 2 (2.6) 0.41‖

Excellent outcome (mRS, 
0–1), n (%)

47 (61.0) 41 (53.2) 0.33‡

Good outcome (mRS, 0–2), 
n (%)

65 (84.4) 54 (70.1) 0.03‡§

Mortality, n (%) 3 (3.9) 4 (5.2) 0.73‡

ASPECTS indicates Alberta Stroke Program Early CT Score; BMM, best 
medical management; ICA, intracranial internal carotid; IMT, immediate 
mechanical thrombectomy; IQR, interquartile range; IV-tPA, intravenous tissue-
type plasminogen activator; MAP, mean arterial pressure; mRS, modified 
Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of 
Health Stroke Scale; and sICH, symptomatic intracranial hemorrhage.

*The 2 groups were matched for these variables.
†Mann-Whitney test.
‡Pearson χ2 test.
§Statistically significant (P<0.05)
‖Fisher exact test.
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Discussion
In this large multicentric study of patients with versus without 
IMT, we observed that IMT was an independent predictor 
of good outcome (OR, 3.1; 95% CI [1.4–6.9]) with an abso-
lute difference of 15%, suggesting that successful early MT 
improves functional independence. This finding was further 
corroborated by our matched analysis adjusting for age, base-
line NIHSS, and occlusion site (absolute difference in good 
outcome: 14.4%; 84.4% versus 70.1%; P=0.03). In addition, 
we could show in an exploratory analysis that a modified shift 
analyses on the mRS within the matched cohort also signifi-
cantly favored IMT.

Previous studies of smaller single-center and multicenter 
cohorts reported ambiguous findings in regards to MT in LVO 
patients with low NIHSS on presentation. Pfaff et al20 have 
shown that MT in LVO patients (n=33) with NIHSS ≤8 can 
be performed safely (sICH, 6%) and with reasonable rates of 
good outcome (90-day mRS, 0–2; 63.6%) even in longer time 
windows (median onset to arterial puncture of 320 minutes). 
Another German single-center report including 41 patients 
with M1 occlusions and NIHSS 0 to 5 described 4.8% sICH and 
a 75% rate of good outcome after 3 months.21 If minor stroke 
patients deteriorate and rescue MT is performed later (68% >8 
hours from onset), MT (n=28) seemed to be associated with 
better outcome (adjusted OR: 10.9; 95% CI [3–38]) compared 
with those without MT (n=181).22 However, rescue MT may be 
inferior to IMT in these patients. Haussen et al1 prospectively 
compared the impact of IMT (n=10) versus initial medical 
treatment (n=22, including rescue thrombectomy if clinical 
deterioration) on NIHSS difference from admission to dis-
charge. They found that patients with IMT had higher NIHSS 
improvement (−2.5 versus 0; P<0.01) and a nonsignificantly 
better clinical outcome at 90 days (mRS 0–2: 100% versus 
77%; P=0.15).1 A follow-up study from the same group with 
a larger sample size corroborated the aforementioned findings 
and but also demonstrated improved rates of independence 
at follow-up.17 Messer et al16 showed the same trend favor-
ing IMT; good outcomes (mRS, 0–2) were higher in patients 
with IMT (75%; n=8) as compared with patients with rescue 
MT (33%; n=6). Notably, patients from these cohorts were 

included in the current analysis. Conversely, Dargazanil et al14

demonstrated that patients (n=301) with LVO and NIHSS <8 
achieved comparable excellent outcomes (mRS 0–1, 64.5%) 
but better perfect outcomes (mRS 0, 39.4% versus 27.5%; 
P=0.03) with IMT versus BMM, including rescue MT.23 In 
another analysis on 138 patients (NIHSS ≤8) who underwent 
MT, the reperfusion grade was significantly associated with 
an increase in excellent outcome; the OR (95% CI) was 3.09 
(1.06–9.03) for Thrombolysis in Cerebral Infarction 2B and 
6.66 (2.27–19.48) for Thrombolysis in Cerebral Infarction 3.24

A study on 78 patients from Spain found no benefit for MT 
within 6 hours after onset over BMM but an increased risk for 
sICH after MT (11.8% versus 0%; P=0.033).15 In our analysis, 
as well as in all other above-mentioned series, no significant 
increase in sICH was observed, with low rates in both groups 
(5% versus 1.4%; P=0.08).

The healthcare impact of this condition is likely consid-
erable. Minor neurological deficits (NIHSS, 0–5) are very 
common representing approximately half of all strokes.25

The LVO rates for patients with acute ischemic stroke vary 
according to clinical severity but are estimated to represent 
≈20% of all strokes, and up to 10% of all LVOs may occur 
with mild symptoms.26–28 In specialized centers with a high 
volume endovascular service, LVOs can be detected in up to 
30% in selected minor stroke patients.16 Moreover, a popu-
lation-based study suggests that there are as many patients 
with transient ischemic attack as patients with low NIHSS 
strokes29 and that their LVO rates are likely to be comparable.4

However, because current guidelines only recommend MT in 
patients with NIHSS ≥6,30 acute vessel imaging in patients 
with milder symptoms is not routinely performed and hence 
many of these cases are missed.31 Therefore, the absolute rates 
of patients meeting the inclusion criteria for this analysis were 
low (2.1%–12.2%) in the contributing databases, but this is 
most likely because of the fact that only a minority of low 
NIHSS patients received acute vessel imaging.

Our study has significant limitations, most of which are 
inherent to its retrospective nature and noncontrolled design, 
including the potential for selection bias, as well as the heter-
ogeneous treatment approach across the different centers over 

Figure. Ninety-day modified Rankin Scale 
(mRS) distribution based on the matched co-
hort. BMM indicates best medical management; 
IMT, immediate mechanical thrombectomy; and 
MT, mechanical thrombectomy.
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time. As such, although we have done our best to adjust for 
potential confounders, our results should be interpreted with 
caution and viewed as exploratory and hypothesis generating. 
Only a prospective, randomized controlled trial can appropri-
ately address the critical question on optimal initial manage-
ment for LVO patients presenting with low clinical severity.

Conclusions
Our retrospective, pilot analysis suggests that immediate 
thrombectomy in LVO patients with low NIHSS on pre-
sentation may be safe and has the potential to result in 
improved outcomes. Randomized clinical trials are war-
ranted to establish the optimal management approach for 
this patient population.
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IMPORTANCE The benefit of mechanical thrombectomy (MT) in patients with stroke
presenting with mild deficits (National Institutes of Health Stroke Scale [NIHSS] score <6)
owing to emergency large-vessel occlusion (ELVO) remains uncertain.

OBJECTIVE To assess the outcomes of patients with mild-deficits ELVO (mELVO) treated
with MT vs best medical management (bMM).

DATA SOURCES We retrospectively pooled patients with mELVO during a 5-year period from
16 centers. A meta-analysis of studies reporting efficacy and safety outcomes with MT or
bMM among patients with mELVO was also conducted. Data were analyzed between 2013
and 2017.

STUDY SELECTION We identified studies that enrolled patients with stroke (within 24 hours
of symptom onset) with mELVO treated with MT or bMM.

MAIN OUTCOMES AND MEASURES Efficacy outcomes included 3-month favorable functional
outcome and 3-month functional independence that were defined as modified Rankin Scale
scores of 0 to 1 and 0 to 2, respectively. Safety outcomes included 3-month mortality and
symptomatic and asymptomatic intracranial hemorrhage (ICH).

RESULTS We evaluated a total of 251 patients with mELVO who were treated with MT
(n = 138; 65 women; mean age, 65.2 years; median NIHSS score, 4; interquartile range [IQR],
3-5) or bMM (n = 113; 51 women; mean age, 64.8; median NIHSS score, 3; interquartile range
[IQR], 2-4). The rate of asymptomatic ICH was lower in bMM (4.6% vs 17.5%; P = .002), while
the rate of 3-month FI (after imputation of missing follow-up evaluations) was lower in MT
(77.4% vs 88.5%; P = .02). The 2 groups did not differ in any other efficacy or safety
outcomes. In multivariable analyses, MT was associated with higher odds of asymptomatic
ICH (odds ratio [OR], 11.07; 95% CI, 1.31-93.53; P = .03). In the meta-analysis of 4 studies
(843 patients), MT was associated with higher odds of symptomatic ICH in unadjusted
analyses (OR, 5.52; 95% CI, 1.91-15.49; P = .002; I2 = 0%). This association did not retain its
significance in adjusted analyses including 2 studies (OR, 2.06; 95% CI, 0.49-8.63; P = .32;
I2 = 0%). The meta-analysis did not document any other independent associations between
treatment groups and safety or efficacy outcomes.

CONCLUSIONS AND RELEVANCE Our multicenter study coupled with the meta-analysis
suggests similar outcomes of MT and bMM in patients with stroke with mELVO, but no
conclusions about treatment effect can be made. The clinical equipoise can further be
resolved by a randomized clinical trial.

JAMA Neurol. 2020;77(1):16-24. doi:10.1001/jamaneurol.2019.3112
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Propensity score matching resulted in groups balanced for
all baseline characteristics (eTable 6 in the Supplement). In pro-
pensity score–matched sensitivity analyses, patients receiv-
ing MT (n = 94) had more prolonged hospital stay (5 days; in-
terquartile range, 4-9 vs 4 days; interquartile range, 3-7,
P = .005) and higher rates of asymptomatic ICH (22.6% [n = 21
of 94] vs 3.3% [n = 3 of 94]; P < .001) compared with their bMM
matched counterparts (n = 94). The 2 groups did not differ in
any other safety or efficacy outcome.

Subgroup Analyses
We further performed additional subgroup analyses accord-
ing to location of occlusion (proximal [ICA and M1 MCA] vs dis-
tal [M2 MCA]; eTable 7 in the Supplement) and stroke sever-
ity on admission (NIHSS scores 0-3 vs NIHSS scores 4-5,
eTable 8 in the Supplement). The 2 groups had similar func-
tional outcomes in these subgroup analyses. Patients treated
with MT had higher asymptomatic ICH rates in the following
subgroups: proximal intracranial occlusions (16.5% [n = 28 of

Table 3. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Study Cohort

Outcome Type of Analysis

Unadjusted Analyses Adjusted Analysesa,b

OR (95% CI) P Value aOR (95% CI) P Value

3-mo FFO
Without LOCF 0.72 (0.40-1.28) .26 0.60 (0.22-1.64) .32

With LOCF 0.69 (0.40-1.18) .17 0.72 (0.31-1.72) .47

3-mo FI
Without LOCF 0.57 (0.28-1.16) .12 0.73 (0.19-2.75) .64

With LOCF 0.44 (0.22-0.90) .02 0.47 (0.14-1.64) .24

3-mo Mortality
Without LOCF 1.62 (0.20-12.93) .65 1.79 (0.62-5.23) .28

With LOCF 2.26 (0.78-6.56) .13 1.73 (0.21-13.87) .61

Functional improvement
Without LOCF 0.68 (0.42-1.12) .13 0.72 (0.32-1.64) .43

With LOCF 0.79 (0.50-1.25) .31 0.81 (0.39-1.67) .56

Symptomatic ICH NA 4.85 (0.57-40.95) .15 2.09 (0.16-27.85) .58

Asymptomatic ICH NA 4.42 (1.62-12.00) .004 11.07 (1.31-93.53) .03

Abbreviations: aOR, adjusted odds ratio; FFO, favorable functional outcome;
FI, functional independence; ICH, intracranial hemorrhage; LOCF, last
observation carried forward; NA, not applicable; OR, odds ratio.
a Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, history of disability prior to current event, and

treatment with mechanical thrombectomy.
b Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, admission glucose level, and treatment with
mechanical thrombectomy.

Table 2. Safety and Efficacy Outcomes in Patients Treated With Mechanical Thrombectomy
and Best Medical Management

Outcome

Median (IQR)

P Value
Mechanical
Thrombectomy (n = 138)

Best Medical
Management (n = 113)

Length of stay, d

Hospital 5 (4-9) 4 (3-7) .002

ICU 2 (1-4) 3 (1-4) .38

Successful reperfusion, No./total No. (%) 117/138 (84.5) NA NA

ICH, No./total No. (%)

Asymptomatic 31/137 (22.3) 4/109 (3.2) .002

Symptomatic 6/137 (4.4) 1/107 (0.9) .11

Discharge NIHSS 2 (0-4) 1 (0-2) .02

Neurological improvement during hospitalizationa 2 (1-3) 1 (0-3) .69

Discharge mRS 1 (1-3) 1 (0-2) .002

3-mo Follow-up

mRS 1 (0-2) 1 (0-2) .09

FFO, No./total No. (%) 84/133 (63.1) 62/88 (70.4) .26

FI, No./total No. (%) 102/133 (76.7) 75/88 (85.2) .12

Mortality, No./total No. (%) 13/133 (9.7) 5/88 (5.7) .28

With LOCF

mRS 1 (0-2) 1 (0-2) .06

FFO, No./total No. (%) 88/138 (63.7) 81/113 (71.6) .17

FI, No./total No. (%) 106/138 (76.8) 100/113 (88.4) .02

Mortality, No./total No. (%) 13/138 (9.4) 4/113 (3.5) .12

Abbreviations: FFO, favorable
functional outcome; FI, functional
independence; ICH, intracranial
hemorrhage; ICU, intensive care unit;
IQR, interquartile range; LOCF, last
observation carried forward;
mRS, modified Rankin Scale score;
NA, not applicable; NIHSS, National
Institutes of Health Stroke Scale.
a Defined as the decrease in the

baseline NIHSS score at hospital
discharge (baseline NIHSS score
minus discharge NIHSS score).
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Propensity score matching resulted in groups balanced for
all baseline characteristics (eTable 6 in the Supplement). In pro-
pensity score–matched sensitivity analyses, patients receiv-
ing MT (n = 94) had more prolonged hospital stay (5 days; in-
terquartile range, 4-9 vs 4 days; interquartile range, 3-7,
P = .005) and higher rates of asymptomatic ICH (22.6% [n = 21
of 94] vs 3.3% [n = 3 of 94]; P < .001) compared with their bMM
matched counterparts (n = 94). The 2 groups did not differ in
any other safety or efficacy outcome.

Subgroup Analyses
We further performed additional subgroup analyses accord-
ing to location of occlusion (proximal [ICA and M1 MCA] vs dis-
tal [M2 MCA]; eTable 7 in the Supplement) and stroke sever-
ity on admission (NIHSS scores 0-3 vs NIHSS scores 4-5,
eTable 8 in the Supplement). The 2 groups had similar func-
tional outcomes in these subgroup analyses. Patients treated
with MT had higher asymptomatic ICH rates in the following
subgroups: proximal intracranial occlusions (16.5% [n = 28 of

Table 3. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Study Cohort

Outcome Type of Analysis

Unadjusted Analyses Adjusted Analysesa,b

OR (95% CI) P Value aOR (95% CI) P Value

3-mo FFO
Without LOCF 0.72 (0.40-1.28) .26 0.60 (0.22-1.64) .32

With LOCF 0.69 (0.40-1.18) .17 0.72 (0.31-1.72) .47

3-mo FI
Without LOCF 0.57 (0.28-1.16) .12 0.73 (0.19-2.75) .64

With LOCF 0.44 (0.22-0.90) .02 0.47 (0.14-1.64) .24

3-mo Mortality
Without LOCF 1.62 (0.20-12.93) .65 1.79 (0.62-5.23) .28

With LOCF 2.26 (0.78-6.56) .13 1.73 (0.21-13.87) .61

Functional improvement
Without LOCF 0.68 (0.42-1.12) .13 0.72 (0.32-1.64) .43

With LOCF 0.79 (0.50-1.25) .31 0.81 (0.39-1.67) .56

Symptomatic ICH NA 4.85 (0.57-40.95) .15 2.09 (0.16-27.85) .58

Asymptomatic ICH NA 4.42 (1.62-12.00) .004 11.07 (1.31-93.53) .03

Abbreviations: aOR, adjusted odds ratio; FFO, favorable functional outcome;
FI, functional independence; ICH, intracranial hemorrhage; LOCF, last
observation carried forward; NA, not applicable; OR, odds ratio.
a Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, history of disability prior to current event, and

treatment with mechanical thrombectomy.
b Adjusted for a priori–defined confounders: age, National Institutes of Health

Stroke Scale and collateral status, and Alberta Stroke Program Early CT Score
on baseline neuroimaging, admission glucose level, and treatment with
mechanical thrombectomy.

Table 2. Safety and Efficacy Outcomes in Patients Treated With Mechanical Thrombectomy
and Best Medical Management

Outcome

Median (IQR)

P Value
Mechanical
Thrombectomy (n = 138)

Best Medical
Management (n = 113)

Length of stay, d

Hospital 5 (4-9) 4 (3-7) .002

ICU 2 (1-4) 3 (1-4) .38

Successful reperfusion, No./total No. (%) 117/138 (84.5) NA NA

ICH, No./total No. (%)

Asymptomatic 31/137 (22.3) 4/109 (3.2) .002

Symptomatic 6/137 (4.4) 1/107 (0.9) .11

Discharge NIHSS 2 (0-4) 1 (0-2) .02

Neurological improvement during hospitalizationa 2 (1-3) 1 (0-3) .69

Discharge mRS 1 (1-3) 1 (0-2) .002

3-mo Follow-up

mRS 1 (0-2) 1 (0-2) .09

FFO, No./total No. (%) 84/133 (63.1) 62/88 (70.4) .26

FI, No./total No. (%) 102/133 (76.7) 75/88 (85.2) .12

Mortality, No./total No. (%) 13/133 (9.7) 5/88 (5.7) .28

With LOCF

mRS 1 (0-2) 1 (0-2) .06

FFO, No./total No. (%) 88/138 (63.7) 81/113 (71.6) .17

FI, No./total No. (%) 106/138 (76.8) 100/113 (88.4) .02

Mortality, No./total No. (%) 13/138 (9.4) 4/113 (3.5) .12

Abbreviations: FFO, favorable
functional outcome; FI, functional
independence; ICH, intracranial
hemorrhage; ICU, intensive care unit;
IQR, interquartile range; LOCF, last
observation carried forward;
mRS, modified Rankin Scale score;
NA, not applicable; NIHSS, National
Institutes of Health Stroke Scale.
a Defined as the decrease in the

baseline NIHSS score at hospital
discharge (baseline NIHSS score
minus discharge NIHSS score).
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173] vs 4.6% [n = 8 of 173]), distal intracranial occlusions (20.5%
[n = 16 of 78] vs 5.1% [n = 4 of 78]), and admission NIHSS scores
of 4 to 5 (18.6% [n = 25 of 134] vs 4.5% [n = 6 of 134]).

Systematic Review and Meta-analysis
Formeta-analysis,thesearchofMEDLINEandSCOPUSdatabases
yielded 414 and 154 results, respectively. After removing dupli-
cates,thetitlesandabstractsfromtheremaining508studieswere
screened, and 7 potentially eligible studies for the meta-analysis
were retained. After retrieving the full-text version of the afore-
mentioned 7 studies, 4 studies were excluded because they
reported data that were already published in previous studies
(overlapping data) or used a different cutoff for defining mild
stroke severity (eTable 9 in the Supplement).

A total of 4 studies (including this study) met the inclu-
sion criteria14,16,25 and were included in our meta-analysis
(eFigure 1 in the Supplement). The risks of bias of included stud-
ies are summarized in eTable 10 in the Supplement. The indi-
vidual characteristics of the included studies are shown in
Table 4, while the results of the meta-analysis are briefly sum-
marized in Table 5. The pooled risk of bias was low, with a total
score of 33 of 36 in Newcastle-Ottawa Scale.

In unadjusted analyses (eFigures 2-7 in the Supplement;
Table 5), there was no association between treatment modal-

ity and asymptomatic ICH (4 studies; OR, 1.85; 95% CI, 0.34-
10.13; P = .48), 3-month FFO (4 studies; OR, 0.96; 95% CI, 0.71-
1.30; P = .78), 3-month FI (4 studies; OR, 0.94; 95% CI, 0.48-
1.86; P = .86), and 3-month mortality (OR, 1.71; 95% CI, 0.52-
5.61; P = .38). There was no heterogeneity noted for 3-month
FFO (I2 = 0%; P for Cochran Q = .48); however, substantial
heterogeneity was observed for asymptomatic ICH (I2 = 84%;
P for Cochran Q = .01), 3-month FI (I2 = 71%; P for Cochran
Q = .02), and 3-month mortality (I2 = 62%; P for Cochran
Q = .05). Mechanical thrombectomy was associated with higher
odds of sICH (4 studies; OR, 5.52; 95% CI, 1.91-15.49; P = .002)
in unadjusted analyses without an evidence of heterogeneity
(I2 = 0%; P for Cochran Q = .83). We detected no association
between treatment modality and 3-month FFO (3 studies; OR,
1.16; 95% CI, 0.75-1.79); 3-month FI (3 studies; OR, 1.24;
95% CI, 0.61-2.53); 3-month mortality (2 studies; OR, 1.34;
95% CI, 0.56-3.22); and sICH (2 studies; OR, 2.06; 95% CI, 0.49-
8.63) in adjusted analyses (eFigures 8-11 in the Supplement).

Discussion
Our multicenter study coupled with a comprehensive meta-
analysis demonstrates similar efficacy profile for MT and

Table 5. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Systematic Review and Meta-analysis

Outcome
Type of
Analysis

Unadjusted Analyses Adjusted Analyses

No. of
Studies OR (95% CI) P Value

Heterogeneity
No. of
Studies OR (95% CI) P Value

Heterogeneity

I2, %
P Value for
Cochran Q I2, %

P Value for
Cochran Q

3-mo FFO
Without LOCF 4 0.96 (0.71-1.30) .78 0 .48 3 1.13 (0.78-1.65) .51 0 .51

With LOCF 4 0.93 (0.69-1.26) .65 0 .40 3 1.09 (0.76-1.57) .65 0 .39

3-mo FI
Without LOCF 4 0.94 (0.48-1.86) .86 71 .02 3 1.11 (0.55-2.27) .77 62 .07

With LOCF 4 0.88 (0.41-1.87) .74 76 .005 3 0.96 (0.38-2.46) .94 77 .01

3-mo Mortality
Without LOCF 4 1.71 (0.52-5.61) .38 62 .05 2 1.28 (0.51-3.23) .60 0 .38

With LOCF 4 1.85 (0.54-6.28) .32 64 .04 2 1.45 (0.52-4.07) .48 20 .26

sICH NA 4 5.52 (1.91-15.94) .002 0 .83 2 2.89 (0.75-11.20) .12 0 .53

Asymptomatic ICH NA 2 1.85 (0.34-10.13) .48 84 .01 1 NA NA NA NA

Abbreviations: FFO, favorable functional outcome; FI, functional independence; ICH, intracranial hemorrhage; LOCF, last observation carried forward;
NA, not applicable; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.

Table 4. Baseline Characteristics of Studies in Systematic Review and Meta-analysis

Source Study Type
No. of
Patients

MT, No./
Total No. (%)

Age, Mean
(SD)

Male, No./
Total No. (%) Occlusion Site (%)

IVT, No./
Total No. (%)

Rescue MT, No./
Total No. (%)

Confounder
Adjustment

Goyal et al,19

2019
Multicenter 251 138/251

(55.0)
65 (15) 133/251

(52.9)
ICA: 17.8; M1-MCA:
48.0;
M2-MCA: 31.7

121/249
(48.6)

NA Multivariable
regression

Nagel et al,25

2018
Multicenter 300 81/300 (27) 68 (14) 162/300 (54) ICA: 9; tandem: 12;

M1-MCA: 27.1; M2-MCA:
43.8; ACA: 3; BA: 21

152/300
(50.7)

34/300 (11.3) PSM

Sarraj et al,16

2018
Multicenter 214 124/214

(57.9)
65 (16) 124/214

(57.9)
ICA: 15.4; MCA-M1:
41.6; MCA-M2: 36;
MCA-M3/M4 & ACA: 6.9

69/214
(32.2)

NA Multivariable
regression

Urra et al,14

2014
Multicenter 78 34/78 (43.6) 67.9 39/78 (50.0) ICA: 1.3; MCA-M1: 33.3;

MCA-M2: 29.5; tandem:
5.1; posterior: 30.8

45/78 (57.7) 16/78 (20.5) NA

Abbreviations: ACA, anterior cerebral artery; BA, basilar artery; ICA, internal carotid artery; IVT, intravenous thrombolysis; MCA, middle cerebral artery;
MT, mechanical thrombectomy; NA, not available; PSM, propensity score matching.
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173] vs 4.6% [n = 8 of 173]), distal intracranial occlusions (20.5%
[n = 16 of 78] vs 5.1% [n = 4 of 78]), and admission NIHSS scores
of 4 to 5 (18.6% [n = 25 of 134] vs 4.5% [n = 6 of 134]).

Systematic Review and Meta-analysis
Formeta-analysis,thesearchofMEDLINEandSCOPUSdatabases
yielded 414 and 154 results, respectively. After removing dupli-
cates,thetitlesandabstractsfromtheremaining508studieswere
screened, and 7 potentially eligible studies for the meta-analysis
were retained. After retrieving the full-text version of the afore-
mentioned 7 studies, 4 studies were excluded because they
reported data that were already published in previous studies
(overlapping data) or used a different cutoff for defining mild
stroke severity (eTable 9 in the Supplement).

A total of 4 studies (including this study) met the inclu-
sion criteria14,16,25 and were included in our meta-analysis
(eFigure 1 in the Supplement). The risks of bias of included stud-
ies are summarized in eTable 10 in the Supplement. The indi-
vidual characteristics of the included studies are shown in
Table 4, while the results of the meta-analysis are briefly sum-
marized in Table 5. The pooled risk of bias was low, with a total
score of 33 of 36 in Newcastle-Ottawa Scale.

In unadjusted analyses (eFigures 2-7 in the Supplement;
Table 5), there was no association between treatment modal-

ity and asymptomatic ICH (4 studies; OR, 1.85; 95% CI, 0.34-
10.13; P = .48), 3-month FFO (4 studies; OR, 0.96; 95% CI, 0.71-
1.30; P = .78), 3-month FI (4 studies; OR, 0.94; 95% CI, 0.48-
1.86; P = .86), and 3-month mortality (OR, 1.71; 95% CI, 0.52-
5.61; P = .38). There was no heterogeneity noted for 3-month
FFO (I2 = 0%; P for Cochran Q = .48); however, substantial
heterogeneity was observed for asymptomatic ICH (I2 = 84%;
P for Cochran Q = .01), 3-month FI (I2 = 71%; P for Cochran
Q = .02), and 3-month mortality (I2 = 62%; P for Cochran
Q = .05). Mechanical thrombectomy was associated with higher
odds of sICH (4 studies; OR, 5.52; 95% CI, 1.91-15.49; P = .002)
in unadjusted analyses without an evidence of heterogeneity
(I2 = 0%; P for Cochran Q = .83). We detected no association
between treatment modality and 3-month FFO (3 studies; OR,
1.16; 95% CI, 0.75-1.79); 3-month FI (3 studies; OR, 1.24;
95% CI, 0.61-2.53); 3-month mortality (2 studies; OR, 1.34;
95% CI, 0.56-3.22); and sICH (2 studies; OR, 2.06; 95% CI, 0.49-
8.63) in adjusted analyses (eFigures 8-11 in the Supplement).

Discussion
Our multicenter study coupled with a comprehensive meta-
analysis demonstrates similar efficacy profile for MT and

Table 5. Overview of Primary and Secondary Analyses Evaluating the Association of Treatment Modality
(Mechanical Thrombectomy vs Best Medical Management) With Safety and Efficacy Outcomes in the Systematic Review and Meta-analysis

Outcome
Type of
Analysis

Unadjusted Analyses Adjusted Analyses

No. of
Studies OR (95% CI) P Value

Heterogeneity
No. of
Studies OR (95% CI) P Value

Heterogeneity

I2, %
P Value for
Cochran Q I2, %

P Value for
Cochran Q

3-mo FFO
Without LOCF 4 0.96 (0.71-1.30) .78 0 .48 3 1.13 (0.78-1.65) .51 0 .51

With LOCF 4 0.93 (0.69-1.26) .65 0 .40 3 1.09 (0.76-1.57) .65 0 .39

3-mo FI
Without LOCF 4 0.94 (0.48-1.86) .86 71 .02 3 1.11 (0.55-2.27) .77 62 .07

With LOCF 4 0.88 (0.41-1.87) .74 76 .005 3 0.96 (0.38-2.46) .94 77 .01

3-mo Mortality
Without LOCF 4 1.71 (0.52-5.61) .38 62 .05 2 1.28 (0.51-3.23) .60 0 .38

With LOCF 4 1.85 (0.54-6.28) .32 64 .04 2 1.45 (0.52-4.07) .48 20 .26

sICH NA 4 5.52 (1.91-15.94) .002 0 .83 2 2.89 (0.75-11.20) .12 0 .53

Asymptomatic ICH NA 2 1.85 (0.34-10.13) .48 84 .01 1 NA NA NA NA

Abbreviations: FFO, favorable functional outcome; FI, functional independence; ICH, intracranial hemorrhage; LOCF, last observation carried forward;
NA, not applicable; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.
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Distal & Medium Vessel Occlusion (DMVO) Strokes 
Prevalence

• Proximal LVOs account for 35%-40% of 
strokes

• Small vessel occlusions (deep and long pial 
penetrators) 20%-25% 

• Hemodynamic watershed ischemia 2%-5% 
• Unusual and disseminated conditions 

(RCVS, hyperviscocity, moyamoya, etc) 1% 
-5%

25%- 40% are DMVOs = DMVOs ARE COMMON
Saver et al, Thrombectomy for Distal, Medium Vessel Occlusions A Consensus Statement on Present Knowledge and Promising Directions, Stroke 2020

Distal & Medium Vessel Occlusion (DMVO) Strokes
DMVOs distinguish themselves from proximal LVOs by 2 key 
features:

• Vessel Distance and Tortuosity

• Vessel Size (lumen diameters between 0.75 and 2.0 mm)
For reference ICA (3.8 mm), MCA-M1 (2.7 mm), BA (3.2 mm), 
and VA (2.8 mm) while LS (0.5 mm)
MCA-M2 from 1.1 to 2.1 mm
MCA-M3: 1.1–1.5 mm

Saver et al, Thrombectomy for Distal, Medium Vessel Occlusions A Consensus Statement on Present Knowledge and Promising Directions, Stroke 2020

Distal & Medium Vessel Occlusion (DMVO) Strokes

• Primary (de novo)
• Secondary (Clot migration of fragmentation occurring spontaneously or 

after IV thrombolysis of mechanical thrombectomy)
• Embolism to a new territory (ENT) affecting fields not previously 

compromised by ischemia 2/2 fragmentation and loss of control of 
thrombus during pullback.

• Embolism to a distal territory  (EDTs) within the initial ischemic field 2/2 
fragmentation and loss of control of thrombus during the initial 
engagement with the retrieval device.

TWO TYPES

Stroke is available at www.ahajournals.org/journal/str

Stroke
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CLINICAL AND POPULATION SCIENCES

Clinical Course of Acute Ischemic Stroke Due 
to Medium Vessel Occlusion With and Without 
Intravenous Alteplase Treatment
Johanna M. Ospel, MD; Bijoy K. Menon, MD; Andrew M. Demchuk, MD; Mohammed A. Almekhlafi, MD;  
Nima Kashani , MD; Arnuv Mayank; Enrico Fainardi, MD; Marta Rubiera, MD; Alexander Khaw, MD; Jai J. Shankar, MD;  
Dar Dowlatshahi, MD; Josep Puig, MD; Sung-Il Sohn , MD; Seong H. Ahn, MD; Alexandre Poppe, MD; Ana Calleja , MD;  
Michael D. Hill, MD; Mayank Goyal , MD, PhD

BACKGROUND AND PURPOSE: Available data on the clinical course of patients with acute ischemic stroke due to medium vessel 
occlusion (MeVO) are mostly limited to those with M2 segment occlusions. Outcomes are generally better compared with 
more proximal occlusions, but many patients will still suffer from severe morbidity. We aimed to determine the clinical course 
of acute ischemic stroke due to MeVO with and without intravenous alteplase treatment.

METHODS: Patients with MeVO (M2/M3/A2/A3/P2/P3 occlusion) from the INTERRSeCT (The Identifying New Approaches to 
Optimize Thrombus Characterization for Predicting Early Recanalization and Reperfusion With IV Alteplase and Other Treatments 
Using Serial CT Angiography) and PRoveIT (Precise and Rapid Assessment of Collaterals Using Multi-Phase CTA in the Triage of 
Patients With Acute Ischemic Stroke for IA Therapy) studies were included. Baseline characteristics and clinical outcomes were 
summarized using descriptive statistics. The primary outcome was a modified Rankin Scale score of 0 to 1 at 90 days, describing 
excellent functional outcome. Secondary outcomes were the common odds ratio for a 1-point shift across the modified Rankin 
Scale and functional independence, defined as modified Rankin Scale score of 0 to 2. We compared outcomes between patients 
with versus without intravenous alteplase treatment and between patients who did and did not show recanalization on follow-up 
computed tomography angiography. Logistic regression was used to provide adjusted effect-size estimates.

RESULTS: Among 258 patients with MeVO, the median baseline National Institutes of Health Stroke Scale score was 7 
(interquartile range: 5–12). A total of 72.1% (186/258) patients were treated with intravenous alteplase and in 41.8% 
(84/201), recanalization of the occlusion (revised arterial occlusive lesion score 2b/3) was seen on follow-up computed 
tomography angiography. Excellent functional outcome was achieved by 50.0% (129/258), and 67.4% (174/258) patients 
gained functional independence, while 8.9% (23/258) patients died within 90 days. Recanalization was observed in 21.4% 
(9/42) patients who were not treated with alteplase and 47.2% (75/159) patients treated with alteplase (P=0.003). Early 
recanalization (adjusted odds ratio, 2.29 [95% CI, 1.23–4.28]) was significantly associated with excellent functional outcome, 
while intravenous alteplase was not (adjusted odds ratio, 1.70 [95% CI, 0.88–3.25]).

CONCLUSIONS: One of every 2 patients with MeVO did not achieve excellent clinical outcome at 90 days with best medical 
management. Early recanalization was strongly associated with excellent outcome but occurred in <50% of patients despite 
intravenous alteplase treatment.

Key Words: acute ischemic stroke ◼ intravenous thrombolysis ◼ reperfusion ◼ standard of care

The evolution of intravenous thrombolysis and endo-
vascular treatment (EVT) of acute ischemic stroke 
has defined a new way of thinking about stroke. In 

characterizing acute ischemic stroke by occluded vessel 
type on computed tomography angiography (CTA), we 
immediately enable thinking about reperfusion treatment 
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recanalization on follow-up imaging was significantly 
associated with excellent outcome (adjusted OR, 2.29
[95% CI, 1.23–4.28]) and ordinal mRS (adjusted cOR, 
0.57 [95% CI, 0.34–0.96], and there was a strong 
trend towards good outcome (adjusted OR, 2.10 [95% 
CI, 0.998–4.43]; P[Brant test]=0.67, Figure 3C and 
3D, Table 3).

Sensitivity Analysis
After excluding patients with proximal M2 occlusions and 
NIHSS >12, clinical outcomes were similar to the over-
all patient cohort (Table 2). When patients with proximal 
M2 occlusion (n=74) were excluded, median NIHSS at 
baseline was 7 (IQR 5–11.5), intravenous alteplase was 

Table 2. Clinical Outcomes in the Overall Patient Sample (N=258), After Excluding Patients With Proximal M2 
Occlusions (N=184) and After Excluding Patients With Baseline NIHSS >12 (N=196)

Outcome variable Overall (N=258)
Proximal M2 occlusions 

excluded (N=184)
Baseline NIHSS >12 

excluded (N=196)

90-day mRS 0 to 1, n (%) 129/258 (50.0) 103/184 (56.0) 115/196 (58.7)

90-day mRS 0 to 2, n (%) 174/258 (67.4) 137/184 (74.5) 154/196 (78.6)

90-day mRS, median (IQR) 1.5 (0–3), n=258 1 (0–3), n=184 1 (0–2), n=196

ASPECTS on follow-up imaging, median (IQR) 8 (7–10), n=255 9 (7–10), n=158 9 /7–10), n=170

ICH on follow-up imaging, n (%) 22/239 (9.2) 12/167 (7.2) 14/180 (7.8)

Recurrent stroke (within 90 days), n (%) 12/255 (4.7) 5/184 (2.7) 10/195 (5.1)

Mortality at 90 days, n (%) 23/258 (8.9) 12/184 (6.5) 7/196 (3.6)

For a detailed overview of clinical outcomes by occlusion site, see Table II in the Data Supplement. ICH, parenchymal hematoma type 1 or 2 according 
to the ECASS classification19 or parenchymal hematoma remote from the infarcted territory. ASPECTS indicates Alberta Stroke Program Early CT 
Score; ECASS, European Cooperative Acute Stroke Study; ICH, intracranial hemorrhage; IQR, interquartile range; mRS, modified Rankin Scale; and 
NIHSS, National Institutes of Health Stroke Scale.

Figure 2. Distribution of 90-day modified Rankin Scale (mRS) in the entire medium vessel occlusion (MeVO) population (A), 
after excluding patients with proximal M2 occlusions (B), and after excluding patients with baseline National Institutes of 
Health Stroke Scale (NIHSS) >12 (C).
mRS categories are shown in ascending order from left to right. Numbers indicate the percentage of patients in one category of the mRS.
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Safety Outcomes
Mortality at 90 days (all causes) was 8.9% (23/258), 
and 4.7% (12/255) suffered from recurrent strokes 
within 90 days. Median ASPECTS on follow-up imaging 
was 8 (IQR, 7–10) and intracranial hemorrhage, defined 
as parenchymal hematoma type 1 or 2 according to 
the ECASS classification (European Cooperative Acute 
Stroke Study)19 or parenchymal hematoma remote from 
the infarcted territory, was seen in 9.2% (22/239) on 
follow-up imaging (Table 2).

DISCUSSION
We found that only 50% of the patients with MeVO 
included in our study achieved an excellent functional 
recovery. Thrombolysis with intravenous alteplase was 
associated with ordinal mRS, but not with excellent out-
come, and less than half of the patients who received 
alteplase showed early recanalization on follow-up CTA. 
Early successful recanalization itself was strongly associ-
ated with excellent outcome.

It is known that patients with MeVO are generally less 
severely affected by their stroke than patients with large 
vessel occlusion.8 However, the median NIHSS score at 
presentation in our study sample was 7, which is above 
the threshold for mild or nondisabling strokes,2 and less 
than one-third of the patients had an NIHSS score <6, 
which is often considered the threshold for nondisabling 
strokes, despite the relatively distal occlusion site. The 
median NIHSS at baseline remained similar, at 6 points, 
even after excluding patients with baseline NIHSS >12, 
in whom a proximal occlusion with subsequent thrombus 
migration to a medium-sized vessel seems more likely.18

Of note, the NIHSS scale has its own set of limitations 
and might not fully capture a patient’s deficit. Even mild 
strokes with NIHSS scores ≤5 can be devastating for 
a particular patient.20 Furthermore, posterior circulation 
symptoms are not well represented in the scale, which 
might lead to underestimation of symptom severity 
patients with posterior circulation occlusions.21

Although the clinical course of MeVO strokes has been 
reported to be better compared with large vessel occlu-
sion strokes,8 many patients in our study suffered poor 
outcomes: 50% did not achieve an excellent functional 
recovery at 90 days, which might be the most appropri-
ate outcome measure given the distal occlusion location, 
and 33% did not gain functional independence. These 
figures remained high at 44% and 26% after excluding 
patients with proximal M2 occlusions and at 41% and 
21% after excluding patients with baseline NIHSS >12.

Recanalization of the occluded vessel is required to 
restore blood flow and arrest cell death and is strongly 
associated with improved functional outcomes.22 Our study, 
in which follow-up CTA was available in 78% of patients, 
confirmed this relationship, as we found a significant asso-
ciation of successful early recanalization with excellent 
outcome and ordinal mRS (Figure 3C and 3D). Of note, 
median time from baseline imaging to follow-up CTA was 
relatively short with 287 minutes. Thus, our recanalization 
rates reflect early recanalization, which is more impactful 
than late recanalization, as the latter one might be futile if 
the ischemic tissue is already irreversibly damaged. Early 
recanalization in acute ischemic stroke is more likely to 
occur with intravenous alteplase treatment, particularly in 
MeVO strokes.13 In keeping with this, intravenous alteplase 
was significantly associated with lower mRS scores in mRS 
shift analysis (Figure 3A and 3B), although we did not find 
a significant association with excellent outcome. Even in the 
alteplase group, early recanalization was achieved in <50%, 
suggesting insufficient efficacy of intravenous alteplase as 
a stand-alone treatment for MeVO strokes. Almost 1 out 
of 10 patients in our study suffered from intracranial hem-
orrhage on follow-up imaging and recurrent strokes were 
seen in 5%. This could partly explain the high number of 
unfavorable outcomes we observed, although it is not clear 
if type 1 parenchymal hematomas are associated with a 
worse prognosis.23 The relatively high mortality rate at 90 
days (9%) also suggests that the clinical course of acute 
ischemic stroke due to MeVO is often poor.

Innovative imaging tools are now available that allow 
for reliable detection of MeVO, and several authors have 

Table 3. Intravenous Alteplase Treatment, Recanalization Status, and Clinical Outcome

Outcome Alteplase, n (%) No alteplase, n (%) Adjusted OR (95% CI)

mRS 0–1 99/186 (53.2) 30/72 (41.7) 1.70 (0.88–3.25)

mRS 0–2 127/186 (68.3) 47/72 (65.3) 1.54 (0.70–3.36)

mRS* … … 0.355 (0.33–0.92)

Outcome Recanalization (rAOL 2–3) -  
n (%)

No recanalization (rAOL 0–1), 
n (%)

Adjusted OR (95% CI)

mRS 0–1 54/84 (64.3) 50/117 (42.7) 2.29 (1.23–4.28)

mRS 0–2 63/84 (75.0) 69/117 (59.0) 2.10 (0.998–4.27)

mRS* … … 0.57 (0.34–0.96)

All OR are adjusted for age, sex, and baseline National Institutes of Health Stroke Score. mRS indicates modified Rankin Scale; 
OR, odds ratio; and rAOL, revised arterial occlusive lesion score.

*Represents the common OR from a proportional odds model. The parallel regression assumption was tested with the Brant test.
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50% of patients do not achieve recanalization 
with intravenous alteplase alone

Expanding The Thrombectomy Armamentarium
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• Modern BGCs are more versatile
and flexible than older ones

• BGC use expands the 
armamentarium for each
thrombectomy case

Use of balloon-guide 
catheters during 

thrombectomy is an 
independent predictor 
of first pass effect and 

functional 
independence at 90-

days
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SIZE MATTERS
WHEN IT COMES TO ASPIRATION

Novel Aspiration Tubing
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3
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4
1. Attach Suction Connector to canister

2. Plug in adapter to power port

3. Turn on Penumbra ENGINE®

4. Spike a non-pressurized saline bag

5. Press PRIME

1. Track RED® catheter over 3MAX® or Velocity® and leave a space between 
RED catheter and the clot

2. Remove 3MAX/Velocity and wire and ensure bleedback

3. Press PRIME button and 
make a WET to WET 
connection directly to the 
hub of the RED catheter

4. Press GO to start aspiration

5. To stop aspiration, 
press STOP

SET-UP

PROCEDURAL STEPS
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• Modulated aspiration - switches
between ambient pressure (iv bag) and
engine pump vacuum. (-29.2 inches of
mercury) 12 times per second.

• Keeps a constant column of fluid at the
aspiration tip, reducing friction,
increasing how much of the clot is
engulfed/aspirated 

Ongoing Trial-THUNDER: Acute Ischemic Stroke Study With the Penumbra System® Including Thunderbolt™ Aspiration Tubing,
Clinicaltrial.gov Identifier: NCT05437055

New Category of Intracranial 
Access
The TracStar Large Distal Platform (LDP) is an 
.088 catheter that combines the stability of a 
long sheath with the flexibility of an 
intermediate catheter.

Large Distal Platform (LDP)

ZOOM 88 LDPZOOM 71
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Stentrievers

Revive
Micrus 
(J&J) 

Covidien Solitaire

MindFrame (Covidien)

Phenox pREset

Stryker Trevo

Acandis Aperio 

Cerenovus Embotrap

Tiger Retriever

The adjustable Stentriever

Tigertriever Technology Advantage Distal & Medium Vessel Occlusion (DMVO) Strokes

• EnDovascular therapy plus best medical treatment (BMT) versus BMT alone for MedIum VeSsel 
Occlusion sTroke - a prAgmatic, international, multicentre, randomized triaL (DISTAL)
• MT/ mRS shift

• EndovaSCular TreAtment to imProve outcomEs for Medium Vessel Occlusions (ESCAPE-MeVO)
• MT/ mRS shift

• Evaluation of Mechanical Thrombectomy in Acute Ischemic Stroke Related to a Distal Arterial Occlusion 
(DISCOUNT)
• Stent retriever/ mRS 0-2

• Distal Ischemic Stroke Treatment With Adjustable Low-profile Stentriever (DISTALS)
• Tiger retriever/Successful reperfusion (CTP or MR PWI) without sICH

Ongoing Trials

• The rate of neuronal loss is NOT ABSOLUTE. 

• Two stroke phenotypes: “fast progressors” vs “slow progressors”

• Approximately 55% LVO strokes are slow progressors 
• A minority (approximately 25%) are fast progressors.24

• However, the infarct growth rate is dynamic, and a continuous spectrum and 
intermediate progressors may also exist.

• Although reasons for and predictors of variable infarct growth rate are under 
investigation, it is well recognized that the robustness of collateral blood flow is a 
major factor, along with innate tissue resistance to ischemia.

Heterogeneity of Stroke Pathophysiology
Faster workflow and triage
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CT perfusion-based patient selection
• Clinical examples – two patients with same duration 

of stroke symptoms 

Patient 1: has “penumbra” and 
likely to benefit from intervention

Patient 2: has volume loss 
(arrow) and no “penumbra” – 
poor candidate for intervention

Automated Platforms > 90%

Automated Platforms Tmax 
hypoperfusion Automated Platforms 
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Conclusions

• Thrombectomy is the gold standard for the treatment of of large 
vessel occlusion Strokes presenting up to 24 hours from symptom 
onset.
• Indications keep expending with several positive trials published in 

the last year (i.e large core strokes and basilar occlusions)
• Ongoing trials addressing different stroke populations will help 

determine who best benefits from treatment
• Selection for thrombectomy is key. Simplifying the paradigm (NCCT vs 

CTP) would increase the target population.

Thank You




