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Background and Purpose  Mechanical thrombectomy with or without intravenous throm-
bolysis is indicated in the acute treatment of ischemic strokes caused by an emergent large-
vessel occlusion (ELVO) within 6 hours from symptom onset. However, a significant propor-
tion of patients are referred to comprehensive stroke centers beyond this therapeutic time 
window. This study performed a pooled analysis of data from trials in which mechanical 
thrombectomy was performed beyond 6 hours from symptom onset. 
Methods  We searched for randomized controlled trials that compared mechanical throm-
bectomy with the best medical treatment beyond 6 hours for ischemic strokes due to ELVO 
and reported on between 1990 and April 2018. The intervention group comprised patients 
treated with mechanical thrombectomy. Statistical analysis was conducted while pooling data 
and analyzing fixed- or random-effects models as appropriate.
Results  Four trials involving 518 stroke patients met the eligibility criteria. There were 267 
strokes treated with mechanical thrombectomy, with a median time of 10.8 hours between when 
the patient was last known to be well to randomization. We observed a significant difference 
between groups concerning the rate of functional independence at 90 days from stroke, with an 
absolute difference of 27.5% (odds ratio=3.33, 95% CI=1.81–6.12, p<0.001) and good recanali-
zation (odds ratio=13.17, 95% CI=4.17–41.60, p<0.001) favoring the intervention group.
Conclusions  This meta-analysis confirms the efficacy of mechanical thrombectomy in selected 
ischemic stroke patients beyond 6 hours from symptom onset. The selection is mainly based on 
the limited core infarct detected by emergent assessment using neuroimaging techniques.
Key Words    stroke, large-vessel occlusion, mechanical thrombectomy, meta-analysis, 

therapeutic time window, 6 hours.

Mechanical Thrombectomy in Strokes 
with Large-Vessel Occlusion Beyond 6 Hours: 
A Pooled Analysis of Randomized Trials

INTRODUCTION

Mechanical thrombectomy with or without intravenous thrombolysis is indicated in the 
acute treatment of ischemic strokes due to an emergent large-vessel occlusion (ELVO). A 
recent analysis found functional independence rates after endovascular treatment of 64% 
and 46% within 3 and 8 hours from symptom onset, respectively.1 That pooled individual 
analysis showed an improved outcome for times from symptom onset to recanalization of 
up to 7.3 hours. The main factor that contributed to the positive results of previous trials 
using mechanical thrombectomy was the selection of patients based on detecting ELVO 
using emergency CTA. These results have led to endovascular procedures and indirectly 
the use of radiological examinations increasing over the past 2 years.2 

However, a significant proportion of patients are referred to comprehensive stroke cen-
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ters beyond the 6 hours that is indicated as being the signifi-
cant therapeutic window in several international guidelines. 
Some previous studies found that the size of the core infarct 
and ischemic penumbra are dependent on the collateral flow 
and the time from symptom onset,3 drawing attention to the 
neuroimaging criteria in addition to the time. In particular, 
two recent trials treated stroke patients with mechanical 
thrombectomy beyond 6 hours based on criteria that includ-
ed evaluations of the size mismatch between the core infarct 
and ischemic penumbra.4,5

Aim
We aimed to determine the clinical efficacy of endovascular 
treatment in patients with an ischemic stroke due to an 
ELVO and treated beyond 6 hours from symptom onset.

METHODS

Literature search strategy
Two reviewers systematically searched PubMed, Medline, 
EMBASE, and the Cochrane Central Register of Controlled 
Trials from January 1990 up to April 1, 2018. We conducted 
this search and meta-analysis in accordance with the state-
ments of the PRISMA Collaborative Group. Specific terms 
were used as either MeSH categories or keywords, including 
“stroke,” “brain ischemia,” “endovascular,” “mechanical 
thrombectomy,” “stent retriever,” “time to treatment,” and 
“time to recanalization.” Reference lists and cited articles were 
also reviewed to increase the identification rate of relevant 
studies.

Selection criteria
We developed predefined criteria before performing the study 
review. We included in the analysis only randomized con-
trolled trials of clinical and functional outcomes for acute 
ischemic stroke patients with anterior circulation occlu-
sions and treated with mechanical thrombectomy versus the 
best medical treatment beyond 6 hours after symptom onset. 
We limited the studies to the English language and excluded 
case reports, conference presentations, E-posters, abstracts, 
and reviews. The intervention group comprised patients treat-
ed with mechanical thrombectomy alone or in combination 
with other medical treatments (e.g., intravenous thromboly-
sis), while the patients in the control group were only treated 
pharmacologically (i.e., without endovascular procedures). 
The minimum core inclusion criteria from neuroimaging 
were brain CT/MRI and CTA/MRA diagnosing an ischemic 
stroke with an ELVO of the anterior circulation.

Endpoints
The primary endpoint was functional independence at 90 
days from stroke onset, considered as a score on the modified 
Rankin Scale of less than 3. Secondary endpoints were the 
rate of good recanalization as assessed by the TICI grade (2b 
or 3), the mortality rate at 90 days from stroke onset, and 
the occurrence of symptomatic intracranial hemorrhage (ICH) 
as defined by European-Australasian Cooperative Acute Stroke 
Study 2.6

Data extraction
Two reviewers independently extracted data concerning the 
baseline and outcome characteristics of each included study 
and the trial design. We report where there was a lack of 
study information concerning an outcome. Different risks of 
bias were reported using the recommendations of the Co-
chrane Handbook for Systematic Reviews of Intervention.

Statistical analysis
We performed a statistical analysis pooling data in the in-
tervention group and the control group. Outcome heteroge-
neity was evaluated with Cochrane’s Q test and I2. An overall 
p value of <0.05 was considered statistically significant. Meta-
analysis for overall outcomes was conducted using fixed-ef-
fects models (Mantel-Haenszel method) and random-effects 
models (DerSimonian and Laird method) to statistically 
compare studies according to the outcome heterogeneity. 
Odds ratio (OR) and 95% CI values were calculated for all 
outcomes. We report the findings graphically using forest 
plots for outcome results of single included trials and total 
treatment effects. We also calculated the number needed to 
treat (NNT) for the primary endpoint. Data analysis was 
performed using Review Manager (version 5.3, The Co-
chrane Collaboration 2012, Copenhagen, Denmark).

RESULTS

In total, 394 potential studies were initially identified, of 
which only the following 4 trials met the eligibility criteria 
following reviewer evaluations: ESCAPE, REVASCAT, DE-
FUSE-3, and DAWN.4,5,7,8 Only some subgroup analyses were 
considered for two of the studies,7,8 and in particular for RE-
VASCAT we were able to extract data on functional indepen-
dence and death at 90 days from stroke onset. 

Fig. 1 shows the PRISMA flow diagram for the search pro-
cedure. The main trial characteristics are presented in Table 
1. The analysis included 518 stroke patients, of which 267 
were treated with mechanical thrombectomy (intervention 
group) and 251 were received medical treatment alone (con-
trol group). The median age was 70 years, and 236 patients 
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were female. The clinical severity was moderate at admission 
(median NIHSS score=16), while hypertension was the 
main vascular risk factor (n=344, 66.5%). About 9.5% of the 

patients (n=49) were treated with recombinant tissue plas-
minogen activator. There were no significant differences be-
tween groups concerning demographic and clinical charac-

Table 1. Characteristics of the included trials

Characteristic ESCAPE7 REVASCAT*8 DEFUSE-34 DAWN5

Number of patients 59 206 182 206

Median age, years 66 66 70 70

Females, % 31 (52) 109 (32) 92 (50) 113 (55)

Median NIHSS score at admission 15 17 16 17

Functional independence at 90 days, % 23 (39) 69 (33.5) 56 (30.7) 65 (31.5)

TICI grade 2b or 3 31 67† 69† 90†

Neuroimaging selection criteria

ASPECTS score at baseline    

Infarct volume assessment  

Mismatch assessment 

Collaterals assessment 

Data are n (%) values except where indicated otherwise.
*Referred to the entire trial sample, †Referred only to the intervention group.

PRISMA 2009 flow diagram
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Fig. 1. PRISMA flow diagram. Adapted from Moher et al.9 Plos Med 2009;6:e1000097.
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teristics, with the exception of the rate of atrial fibrillation being 
higher in the intervention group than in the control group 
(Table 2). 

Functional independence was reached at the 90-day fol-
low-up after stroke by 124 patients (46.4%) in the interven-
tion group compared to 18.9% of those in the control group. 
The pooled analysis revealed a superiority of mechanical 
thrombectomy over medical treatment alone for the primary 
endpoint (OR=3.33, 95% CI=1.81–6.12, p<0.001). We found 
that significant heterogeneity was present (chi square=6.33, 
I2=53%). Single-trial and overall effects are presented in the 
forest plot in Fig. 2. NNT was 3.6. Endovascular treatment 
showed significant superiority in achieving recanalization 
over medical treatment alone (OR=13.17, 95% CI=4.17–41.60, 
p<0.0001). However, we also observed greater heterogeneity 
in the pooled analysis (chi square=9.80, I2=80%). The death 
rate at 90 days from stroke did not significantly differ be-
tween groups, even if we observed a higher rate in the inter-
ventional group (OR=0.70, 95% CI=0.46–1.08, p=0.11). Fi-
nally, the incidence of symptomatic ICH was higher in the 
intervention group than in the medical-treatment group (5.1% 
vs. 3.25%). However, in the pooled analysis we found no statis-
tically significant difference between the groups (OR=1.68, 
95% CI=0.64–4.35, p=0.29) and no heterogeneity (chi square= 
0.06, I2=0%) (Fig. 3).

DISCUSSION

This updated meta-analysis of randomized trials revealed 
that the application of mechanical thrombectomy to select-
ed patients with ischemic stroke due to an ELVO signifi-
cantly increases the rate of functional independence at 90 
days after the ischemic event. We calculated an overall NNT 
of 3.6, which indicates superiority over other treatments and 
procedures (e.g., intravenous thrombolysis performed with-
in 3 hours from symptom onset produced an NNT of 8).10 In 
light of these findings, the therapeutic window for endovas-
cular procedures could be extended up to 24 hours. Howev-
er, our pooled analysis revealed that the main benefits re-
sulted in the last two trials that applied stricter inclusion and 
exclusion criteria. Indeed, the DAWN and DEFUSE-3 trials 
required the assessment of two or more advanced neuroim-
aging findings at admission, as presented in Table 1. In par-
ticular, the absolute differences in the rate of functional inde-
pendence at 90 days were 36% and 28% in the DAWN and 
DEFUSE-3 trials, respectively. Comparing the different trials 
included in this meta-analysis reveals that the significant ben-
efit decreased from the DAWN to the REVASCAT trial, with 
ORs of 6.25 and 1.50, respectively. 

Considering the specific inclusion and exclusion criteria, 
we observed that the use of perfusion techniques also at 
admission produced the best results for functional inde-
pendence. The result was similar for achieving good recan-

Table 2. Main demographic and clinical characteristics

Characteristic Intervention group (n=232) Control group (n=215) p
Median age, years 70 71 ns

Females, % 131 (56) 105 (49) ns

Median NIHSS score 16 16 ns

Treatment with rtPA, % 23 (9.9) 26 (12) ns

Hypertension, % 176 (75) 168 (78) ns

Atrial fibrillation, % 91 (39) 63 (29) 0.02

Diabetes mellitus, % 59 (25.4) 65 (30.2) ns

Median time between last known to be well to randomization, min 650 690 ns

Data are n (%) values except where indicated otherwise. We did not include 71 patients of the REVASCAT trial because the time between stroke onset and 
randomization in the subgroup analysis was not reported.

Mechanical thrombectomy Medical therapy Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, Random (95% CI) M-H, Random (95% CI)
DAWN 2018 52 107 13 99 29.7 6.25 (3.12–12.54)
DEFUSE 3 2018 41 92 15 90 29.9 4.02 (2.02–8.02)
ESCAPE 2018 16 33 7 24 18.5 2.29 (0.75–6.96)
REVASCAT 2015 15 35 12 36 21.9 1.50 (0.57–3.93)

Total (95% CI) 267 249 100.0 3.33 (1.81–6.12)
Total events 124 47
Heterogeneity: Tau2=0.20, Chi2=6.33, df=3 (p=0.10), I2=53%
Test for overall effect: Z=3.86 (p=0.0001) 0.01               0.1                    1                     10                100

                  Medical therapy     Mechanical thrombectomy

Fig. 2. Forest plot of the primary endpoint.
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alization (TICI grade of 2b or 3). While collateral flow is 
crucial in stroke physiology and the core infarct size is inde-
pendent of the time to presentation,11,12 recanalization re-
mains a key factor for achieving a good functional outcome.13 
Very few patients in the present control group were treated 
with intravenous thrombolysis (12%). This low rate of reper-
fusion treatment could partly explain the intergroup differ-
ences in the rates of good recanalization and functional in-
dependence at 90 days from stroke. Recanalization is related 
to the time from symptom onset. However, the growth rate 
of the ischemic core has more recently been postulated as the 
essential time-dependent factor determining a positive or 
negative evolution of the clinical condition.14 Indeed, a rapid 
transformation of an ischemic penumbra into the core infarct 
reduces the benefit of recanalization significantly, even if this 
is performed rapidly. In contrast, a slow growth rate can pro-
duce a good final clinical result even if recanalization occurs 
later than beyond 6 hours. 

In light of these physiological mechanisms, selecting pa-
tients based on perfusion techniques by CT or MRI makes it 

possible to effectively treat strokes with a matched core and 
penumbra also beyond the therapeutic window of 6 hours in 
current international guidelines. Moreover, we did not ob-
serve significant differences in symptomatic ICH between the 
groups. These results differ from those of a previous meta-
analysis that included only observational studies and com-
pared trials treating patients beyond and within 6 hours from 
symptom onset.15 In particular, the rates of functional inde-
pendence at 90 days in the present and previous meta-analy-
ses were 46.4% and 38.4%, respectively (chi square=5.098, 
95% CI=1.051–14.968, p=0.02). Moreover, the mortality rate 
was lower in the present meta-analysis (17.6% vs. 22.8%). The 
selection criteria of some observational studies did not in-
clude clear definitions of perfusion imaging, clinical severity, 
or core–penumbra mismatch. In the more-recent randomized 
trials, the application of these criteria resulted in a significant 
increase in the benefit of mechanical thrombectomy despite 
a 6-hour time limit.

This meta-analysis was subject to some limitations. First, 
we observed heterogeneity in the pooled analysis; however, 

Mechanical thrombectomy Medical treatment Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, Random (95% CI) M-H, Random (95% CI)
DAWN 2018 82 107 39 99 39.4 5.05 (2.76–9.22)
DEFUSE 3 2018 65 83 14 77 36.8 16.25 (7.45–35.44)
ESCAPE 2018 28 32 3 23 23.8 46.67 (9.39–231.87)

Total (95% CI) 222 199 100.0 13.17 (4.17–41.60)
Total events 175 56
Heterogeneity: Tau2=0.78, Chi2=9.80, df=2 (p=0.007), I2=80%
Test for overall effect: Z=4.39 (p=0.0001)

0.01               0.1                    1                     10                100

                 Medical treatment   Mechanical thrombectomyA  

Mechanical thrombectomy Medical treatment Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, Fixed (95% CI) M-H, Fixed (95% CI)
DAWN 2018 6 107 3 99 43.8 1.90 (0.46–7.82)
DEFUSE 3 2018 6 92 4 90 56.2 1.50 (0.41–5.50)
ESCAPE 2018 0 33 0 26 Not estimable

Total (95% CI) 232 215 100.0 1.68 (0.64–4.35)
Total events 12 7
Heterogeneity: Chi2=0.06, df=1 (p=0.81), I2=0%
Test for overall effect: Z=1.06 (p=0.29)

  

0.01               0.1                     1                     10                  100
                 Medical treatment   Mechanical thrombectomyC  

Mechanical thrombectomy Medical treatment Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight (%) M-H, Fixed (95% CI) M-H, Fixed (95% CI)
DAWN 2018 20 107 18 99 30.9 1.03 (0.51–2.09)
DEFUSE 3 2018 13 92 23 90 40.6 0.48 (0.23–1.02)
ESCAPE 2018 5 33 4 26 7.7 0.98 (0.24–4.10)
REVASCAT 2015 9 35 14 36 20.8 0.54 (0.20–1.50)

Total (95% CI) 267 251 100.0 0.70 (0.46, 1.08)
Total events 47 59
Heterogeneity: Chi2=2.60, df=3 (p=0.46), I2=0%
Test for overall effect: Z=1.60 (p=0.11) 0.01               0.1                     1                     10                100

                 Medical treatment   Mechanical thrombectomyB  

Fig. 3. Forest plots of the secondary endpoints: (A) good recanalization, (B) death at 90 days after stroke, and (C) symptomatic intracranial hemor-
rhage.
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this statistical bias was reduced by applying a random-effects 
model. Second, the four included trials exhibited differences 
in imaging modalities and protocols (e.g., the inclusion and 
exclusion criteria concerning the use of neuroimaging ap-
plied at baseline), which could have introduced bias into the 
pooled analysis. However, we also observed some common 
criteria, such as in the detection of an ELVO and the assess-
ment of the ASPECTS score at baseline. Third, we were not 
able to perform an individual data meta-analysis that could 
have allowed subgroups to be analyzed.

The strengths of the meta-analysis were the clear identifi-
cation of very low risks of publication bias (Table 3) and only 
randomized controlled trials being included in the pooled 
analysis.

Recent studies and meta-analyses have shown a clear ben-
efit of mechanical thrombectomy over intravenous throm-
bolysis alone on the functional outcome of stroke patients 
with ELVO within 6 hours from symptom onset.16-18 The pres-
ent meta-analysis suggests that this benefit remains also be-
yond the 6 hours after stroke onset, without any significant 
increase in the risk of symptomatic ICH, as long as patients are 
selected based on perfusion techniques combined with a clin-
ical evaluation. As indicated in international guidelines,19 
stroke patients with an ELVO and a limited core infarct may 
benefit from recanalization with mechanical thrombectomy, 
even if they present later than 6 hours after symptom onset.
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Table 3. Judgements of the review authors about the risks of different bias types for each included study

DAWN 2018 DEFUSE 3 2018 ESCAPE 2018 REVASCAT 2015
Random sequence generation (selection bias) + + + +

Allocation concealment (selection bias) + + + +

Blinding of participants and personnel (performance bias) + + + +

Blinding of outcome assessment (detection bias) + + + +

Incomplete outcome data (attrition bias) + + + +

Selective reporting (reporting bias) + + + +

Other bias + + + +


