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Abstract 

Background & Objective: Endovascular treatment is the widely accepted treatment for patients with 
anterior circulation stroke within 6 hours of onset of stroke. We aimed to evaluate the advantages 
of endovascular treatment compared to standard medical treatment in treating patients with anterior 
circulation stroke beyond the 6-hour therapeutic window. Methods: We reviewed the literature 
concerning endovascular treatment versus medical treatment beyond the 6-hour therapeutic window. 
Using random-effects meta-analysis, we evaluated the following outcomes: modified Rankin scale in 
the three-month follow-up [excellent outcome (mRS≤1), functional independence (mRS≤2), moderate 
outcome(mRS≤3)], recanalization rate at 24 hours, mortality at 90 days or in-hospital, symptomatic 
intracranial hemorrhage, parenchymal hematoma type 2 and hemorrhagic infarction 1. Results: Four 
studies including 642 patients were evaluated. Endovascular treatment was associated with higher 
odds of excellent outcome (OR 2.55; 95% CI 1.48 to 4.41,), functional independence (OR 3.64; 95% 
CI 2.43 to 5.45), moderate outcome (OR 2.70; 95% CI 1.95-3.74) and recanalization rate at 24 hours 
(OR 8.81; 95%CI 2.81 to 27.69) compared to MT. No difference in the rates of mortality, symptomatic 
intracranial hemorrhage, parenchymal hematoma type 2 or hemorrhagic infarction 1 was found between 
the 2 groups. Studies using strict perfusion imaging inclusion selection showed better moderate outcome 
in comparison to the studies without perfusion imaging inclusion selection (P <0.012). 
Conclusion: Our study highlights the superiority of endovascular treatment over standard medical 
treatment alone for treating patients with anterior circulation stroke beyond 6 hours since stroke onset, 
although more studies are required for further investigation. Standard of strict selection for eligible 
patients before endovascular treatment should be based on DAWN or DEFFUSE 3 inclusion criteria.
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However, patients presenting to hospital beyond 
6 hours since stroke onset or the last time seen 
well accounted for up to 23% of the total patients 
with acute ischemic stroke.6 Given that a large 
proportion of patients exceeds the generally 
accepted therapeutic window (6 hours) for 
endovascular treatment, confirmation of the 

INTRODUCTION

For patients with anterior circulation stroke 
(ACS) whose onset of symptom are within 6 
hours, endovascular treatment (EVT) is currently 
recommended based on the evidence provided 
by previous randomized control trials (RCTs).1-5

ORIGINAL ARTICLES
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optimal treatment either by EVT or standard 
medical treatment (MT) is required to be 
established. In addition, uncertainties still exist in 
the inclusion criteria of EVT for eligible patients 
beyond 6 hours since stroke onset.
	 Currently, the published literature on this 
subject is limited and often compromised in the 
context of our study. One study included two 
subgroup studies of two RCTs containing patients 
who were treated beyond 5.5 hours and 4.5 hours 
respectively, which were still considered within 6 
hours therapeutic window.7 Another two studies 
were two-arm studies which primarily compared 
outcomes of patients treated within 6 hours with 
those beyond 6 hours by EVT which has been 
suggested to be less clinically applicable.8,9 
	 As more on-going RCTs are committed to 
investigate on the feasibility of EVT for patients 
with ischemic stroke10, the purpose of this study 
is to evaluate the potential advantages of EVT 
comparing to MT in treating patients with ACS 
beyond 6 hours since stroke onset, as well as to 
provide statistical evidence for the standard of 
selecting eligible patients for EVT.

METHODS

Literature search

Literatures were systematically searched by 
two reviewers on PubMed, EMBASE and 
The Cochrane Library (Cochrane Database of 
Systematic Reviews, Cochrane Central Register 
of Controlled Trials (CENTRAL), Cochrane 
Methodology Register) from inception to June 
3, 2019. For the search strategy, we combined 
the terms (stroke OR brain infarction OR 
cerebrovascular disorder) and (endovascular 
treatment OR thrombectomies) with (time OR 
onset). Reference lists and cited articles were also 
cross-checked for potentially eligible publications. 
The study was conducted corresponding to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRIMA) guidelines 
and was registered at PROSPERO, number 
CRD42019138339. 
Quality assessment 

Two reviewers independently assessed the risk 
of bias. The publication bias of RCTs was 
evaluated by Cochrane risk of bias assessment by 
assessing the risk of selection bias, performance 
bias, detection bias, attrition bias, reporting 
bias, and other sources of bias.11 Whereas the 
quality of cohort studies was assessed by using 
the Newcastle-Ottawa Scale, including selection, 

comparability and outcomes.12 

Selection criteria

All studies were checked by title and abstract 
following the inclusion criteria. Included were: 
(1) patients with ACS treated ≥6 hours since 
stroke onset (2) Studies comparing EVT to 
MT separately. Exclusion criteria were: (1) 
trials included fewer than 10 participants (2) 
Endovascular devices used were no longer able 
to find in the market (3) Patients with posterior 
circulation stroke or with ACS treated within 6 
hours after the onset of symptoms. There was no 
language barrier during selection. RCTs, cohort 
studies, as well as matched case control studies 
were all included.

Outcome variables

Efficacy outcomes were defined by the Modified 
Rankin scale (mRS), measured 90 days after 
intervention. An excellent outcome scored 
mRS≤1, functional independence as mRS≤2, and 
moderate outcome as mRS≤3.13,14 Safety outcomes 
considered the following: Recanalization rate; 
all-cause mortality after 90 days or hospitalized, 
symptomatic intracranial hemorrhage (sICH), 
Parenchymal hematoma type 2 (PH2), and 
hemorrhagic infarction 1 (HI1).15

Data extraction

Data extraction was conducted by two reviewers 
independently. Study titles, abstracts, and studies 
that satisfied the inclusion criteria were retrieved 
for further screening. The full text of eligible 
studies was extensively reviewed in accordance 
with the criteria of inclusion and exclusion outlined 
above. Any disagreements were arbitrated by a 
third reviewer. The main extracted data considered 
study setting, sample size, baseline of stroke 
patient characteristics (age, sex, risk factors and 
initial imaging findings), thrombectomy devices, 
efficacy and safety outcomes, and information for 
assessment of the risk of bias. 

Statistics analysis

Characteristics of patients were presented as 
numbers and percentages for categorical variables, 
and continuous data were expressed as means 
± standard deviation (SD). The differences of 
baseline in between EVT and MT were evaluated 
by Chi2-test for dichotomous variable and T-test 
for continuous variable. Odds ratio (OR) with 
95% confidence intervals were calculated and 
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pooled for each outcome of interest. Due to the 
assumptions of clinical diversity and differences 
in methodology among the included studies, the 
random effects model was implemented. The 
statistical heterogeneity between studies were 
assessed using the Q test and the calculation 
of I². We considered substantial heterogeneity 
if p < 0.10 or I2 ≥ 50%. When signifi cant 
heterogeneity existed, subgroup analysis was 
conducted to analyse the source of heterogeneity. 16

Comprehensive Meta-Analysis (CMA) 2.0 
(Biostat, Englewood, NJ) was used to perform 
the data analysis. 

RESULT

Study selection and characteristics

A total of 1686 articles were found in the initial 
identifi cation of literatures, of which 1617 were 
excluded based on the title of the study. Of the 
remaining 69 papers, 42 were excluded, which 
were evaluated carefully by two independent 
reviewers. Ultimately, 4 studies were selected. 12 
were excluded due to lack of comparison group, 
8 were excluded because of non-appropriate 
therapeutic window, 2 were excluded for 
repetition, and 1 was excluded considering its 
unavailable result. (Figure 1)
 In total, 4 articles with 642 patients were 
included in this study.17-20 Two studies—DWI 
or CTP Assessment With Clinical Mismatch 

in the Triage of Wake-Up and Late Presenting 
Strokes Undergoing Neurointervention With 
Trevo (DAWN) and Randomized Trial of 
Revascularization With Solitaire FR Device vs 
Best Medical Therapy in the Treatment of Acute 
Stroke Due to Anterior Circulation Large Vessel 
Occlusion Presenting Within Eight Hours of 
Symptom Onset (DEFUSE 3) were randomized 
multicenter studies with strict selection criteria 
for eligible patients. One study was a post hoc 
study collecting data from 5 RCTs. Another was 
a matched case control study which had higher 
risk of bias. Patient characteristics were listed in 
the Table 1: numbers of patients, study design, 
device of EVT, age, gender, underlying diseases, 
and NIHSS scores on admission were evaluated. 
 One hundred and fi fty patients from the Post 
hoc study was excluded during baseline analysis, 
and 492 patients from the remaining 3 studies were 
included. The median age of the patients was 69.0 
in EVT and 69.7 in MT. The proportion of male 
in EVT was 45.4%, which was signifi cantly lower 
than that in MT group (P<0.02). 78.5% in EVT 
and 74.3% in MT showed hypertension. In EVT, 
25.9% of patients had diabetes in comparison to 
28.6% in MT. The NIHSS score of patients did 
not differ signifi cantly between EVT and MT, at 
16.32 and 15.93 respectively (Table 2).

Outcomes

Effi cacy outcome: EVT was associated with 

Figure 1. PRISMA fl ow chart of the included studies.
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higher odds of excellent outcome (Odds Ratio, 
2.55; 95% confidence interval [CI], 1.48-4.41; I2, 
27.6%), functional independence (OR, 3.64; CI, 
2.43-5.45; I2, 65.4%) and moderate outcome (OR, 
2.71; 95% CI, 1.65-4.43; I2, 55.0%) comparing 
to MT. (Figure 2)
	 Safety outcome: EVT was associated with 
significantly higher odds of recanalization rate at 
24 hours (OR, 7.81; CI, 4.85-12.59, I2, 27.6%). 
There was no statistically significant difference 
in mortality (OR, 0.82; 95% CI, 0.50-1.33; I2, 
16.7%), sICH (OR, 1.327; 95% [CI], 0.59-3.00; 
I2, 15.07%), HI1 (OR, 1.57; 95% [CI], 0.71-3.46; 
I2, 0.80%) and PH2 (OR, 2.13; 95% [CI], 0.54-
8.42; I2, 0.00%). (Figure 3)
	 Subgroup study: We performed a subgroup 
analysis to determine whether moderate outcome 
differed between two subgroups, categorized 
by whether DAWN or DEFFUSE 3 criteria of 
Perfusion Imaging Inclusion Selection (PIIS) 
was used, in order to include eligible patients 
undergoing EVT. In the subgroup without PIIS, 
EVT was associated with better moderate outcome 
comparing to MT (OR, 1.72; CI, 1.03-2.86; I2, 
1.03-2.86), which was as same as the result in the 
subgroup with PIIS (OR, 3.68; CI, 2.41-5.62; I2, 
1.03-2.86). Statistical significance of Odds ratio 
between the two subgroups was observed by using 
z-test, as the subgroup with PIIS showed better 
moderate outcome (p<0.012).

Quality assessment

Risk of bias was evaluated as low for RCTs, based 
on assessment by the Cochrane Collaboration’s 
tool (Table 3). In regard to the matched case 
control study, Newcastle-Ottawa scale quality 
score was 7 stars, representing good quality.

DISSCUSION  

Our meta-analysis showed that patients with ACS 
beyond 6 hours since stroke onset who were 
treated with EVT had higher rates of excellent 
outcome, function independence outcome, 
moderate outcome and recanalization rate at 
24 hours, relative to MT patients. However, 
no statistical difference in mortality or post-
operational complications (sICH, PH2, HI1) was 
observed. 
	 EVT can improve functional independence 
more significantly than MT, which is in line 
with the results from a previous study.21 Several 
mechanisms have been implicated that could 
explain the benefits of EVT over medical treatment 
in treating patients beyond 6 hours. Ta
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Table 2: Pooled value of patient characteristics

EVT MT p value
Age 69.00(14.82) 69.67(13.89) NS
Male 45.42% 56.02% <0.02
Hypertension 78.50% 74.30% NS
Diabetes 25.90% 28.60% NS
History of stroke 12.40% 13.70% NS
NIHSS score 16.32(5.83) 15.93(6.07) NS

EVT, endovascular treatment; MT, medical treatment; NS, not signifi cance
The data are represented either by “mean ± standard error” or by percentage.
We did not include 150 patients of the Post hoc study since baseline of the trial was absent

Figure 2. Pooled analysis of effi cacy outcome of all included studies reporting patients receiving endovascular 
treatment and patients receiving medical treatment. A. Excellent outcome (mRS≤1); B. functional 
independence (mRS≤2); C. moderate outcome (mRS≤3). Defi nitions of outcomes based on mRS score 
in the three-months follow-up; D. recanalization rate at 24 hours. EVT indicates endovascular treatment; 
MT, medical treatment; PIIS, perfusion imaging inclusion selection.
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Figure 3. Pooled analysis of safety outcome of all included studies reporting patients receiving endovascular 
treatment and patients receiving medical treatment. A. all-cause mortality at 90 days or at in-hospital; 
B. symptomatic intracranial haemorrhage (sICH); C. hemorrhagic infarction 1 (HI1); D. Parenchymal 
hematoma type 2 (PH2). EVT indicates endovascular treatment; MT, medical treatment.

Table 3: Assessment of the risks of different bias for RCTs by using Cochrane risk of bias tool

DAWN 
2018

DEFFUSE 
3 2018

ESCAPE 
2018

REVASCAT 
2015

MR 
CLEAN 
2015

SWIFT 
PRIME 
2015

EXTEND-IA 
2015

Random sequence 
generation 
(selection bias)

+ + + + + + +

Allocation 
concealment 
(selection bias)

+ + + + + + +

Blinding of 
participants 
and personnel 
(performance bias)

+ + + + + + +
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	 The eligibility for PIIS among patients is 
commonly discussed. With the help of mismatch-
evaluating software, patients in DAWN and 
DEFFUSE 3, whose volumes of ischemic core 
and perfusion lesion were able to be calculated, 
had better outcomes treated by EVT comparing 
to MT.19,20 In the post hoc study, Simone et al 
reported that selecting patients by using perfusion 
imaging could optimize EVT to treat patients 
within 6 hours.7 However, insufficient evidence 
was provided in that article. In our study, after 
comparing studies that used PIIS with those did 
not, we found that EVT was associated with 
better moderate outcome in those trials with PIIS 
(p<0.012).
	 Pre-operative factors might also attribute to 
the better clinical outcomes seen among patients 
treated by EVT. Intravenous (IV) alteplase, an 
effective thrombolytic agent, is recommended 
for acute ischemic stroke within 4.5 hours since 
onset of symptoms.22 8.7% of patients in DAWN 
were administrated with intravenous alteplase 
(IV-tPA)19, and fewer than 10% in the DEFFUSE 
3 group.20 In contrast, the overall rate of patients 
in the post hoc analysis who were administrated 
with IV-tPA) was 45.6% in MT.18 Different IV-tPA 
rates likely explain the differences of functional 
independence between trials, as the percentage of 
functional independence among patients treated by 
MT in the post hoc analysis was 24.3%, whereas 
that in a pooled study of DAWN and DEFFUSE 
3 was 15%.18,21 Lower IV-tPA rate in DAWN is 
likely attributed to the fact that the majority of 
patients in this trial were not administrated with 
IV-tPA, as they exceeded the 4.5 hour therapeutic 
window for IV-tPA treatment.23 However, as 
the therapeutic window of IV-tPA extended to 
9 hours, especially when thrombolysis showed 
a significantly better outcome than placebo in 
treating mismatch patients beyond 4.5 hours, 
more clinical trials should be conducted aiming at 
evaluating potential advantages and disadvantages 
of EVT in comparison to thrombolysis beyond 6 
hours.24

	 In addition, Davison et al. suggested that male 
patients with acute ischemic stroke treated with 
thrombectomy were more likely to be associated 
with better outcomes due to larger cerebral arterial 
diameters than female patients.25 In our study, 
there were more male patients in MT than in 
EVT, although the outcome in EVT was more 
favorable than MT, suggesting that EVT success 
is independent of gender. 
	 Recanalization rates after EVT are considered 
an indicator of improved patient outcome18, as 

reflected by improved functional outcomes and 
reduced mortality.26  Siomone et al. reported higher 
odds of recanalization rate in EVT in comparison 
to MT among patients with ACS beyond 6 hours.7 
In our study, we also found a significant advantage 
of EVT in improving recanalization rate, implying 
a better treatment outcome comparing with MT.
	 We did not find significant difference in 
mortality and post-operative complications (sICH, 
PH2, HI1) between EVT and MT, which is 
consistent with the results from previous analyses.7 
However, this did not negate the benefit of EVT 
in treating ACS as it can significantly improve 
neurological recovery and favorable outcomes 
in comparison to MT, which was also observed 
among patients within 6 hours since stroke onset.27 
	 The limitations of this study should be noted. 
Firstly, due to lack of data in the Post hoc study, 
we were not able to investigate heterogeneity, 
including subgroup study and test for sensitivity. 
We did, however, attempt to reduce statistics bias 
by applying the random-effect model. Secondly, 
one of the included studies was published before 
the “pre-stentriever era”, which is not considered 
in current guidance. Despite this, intra-arterial 
and clot retrieval devices are still utilized in 
the present real-world practice. Lastly, our 
included studies were limited by various flaws 
in study design, including enrollment criteria and 
baseline information, which could be subject to 
unconscious bias.
	 In conclusion, although more studies are 
required for further investigation, our study 
highlights the superiority of endovascular 
treatment over standard medical treatment alone 
for treating patients with anterior circulation 
stroke beyond 6 hours since stroke onset. We 
propose that the standard for selection of eligible 
patients before EVT should be based on DAWN 
or DEFFUSE 3 inclusion criteria.
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