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INTRODUCTION
Rationale 
Endovascular therapies have been increasingly used in emergent treatment of acute ischemic stroke in the past few years, which showed beneficial effects over medical treatment with or without intravenous thrombolysis in recent randomized clinical trials. Rates of successful revascularization, including reperfusion and recanalization, varied among different trials, partly due to the implementation of different treatment methods and devices. However, the pre-treatment collateral status, varying among acute ischemic stroke patients considered for endovascular treatment (EVT), may also be an important factor that affects revascularization rates by EVT, based on post hoc analyses of recently completed relevant trials. 

Objective 
The current systematic review and meta-analysis was aimed to review and synthesize currently available evidence during the past 15 years on the impact of good versus poor pre-treatment collaterals on successful revascularization (reperfusion and recanalization) by EVT in acute ischemic stroke, as reported in cohort or case-control studies, or randomized clinical trials.

METHODS
The current systematic review and meta-analysis was carried out and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)[1] and the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)[2] statements. 

Search strategy
For potentially eligible full-text articles published in English since 1st January 2000, we searched PubMed on 5th March 2015, with terms including “stroke”, “collateral*”, “thromboly*”, “endovascular*”, “intra-arterial*”, “mechanical*”, and “thrombectomy”. Detailed strategy for PubMed search was provided in Supplemental Table I. And we also conducted manual search for references of pertinent review articles and relevant original research articles.

Eligibility criteria 
1) Full-text articles published in English;
2) randomized clinical trial, or cohort or case-control study, in human; 
3) at least part of the patients included in the study received endovascular treatment (the number of such patients ≥ 10), including intra-arterial thrombolysis, mechanical clot disruption and retrieval, and angioplasty with or without stenting, with or without prior intravenous thrombolysis; 
4) the endovascular treatment was initiated within the hyperacute phase of ischemic stroke, while the exact time windows might differ among studies, which was up to 24 hours at most; 
5) the study reported the correlations between pre-treatment collateral status and successful reperfusion and/or recanalization in acute ischemic stroke patients receiving endovascular therapies.

Study selection 
One investigator (X.L.) reviewed all records retrieved by PubMed search and manual search, and excluded irrelevant items by titles and abstracts. For the remaining items, the same investigator read through the full text to select eligible studies, and consulted with another investigator (H.F.) to reach consensus when doubt existed. For eligible articles from the same center or based on the same study, with overlapping subjects reported, only the one article with the largest sample size of patients receiving endovascular treatment was included, by consensus of two investigators (X.L. and H.F.).   

Data extraction
Two investigators (X.L. and H.F.) independently extracted the following data from included primary studies: publication characteristics, study populations, patients’ demographics, time window for EVT, mean time from stroke onset to EVT, different territorial strokes involved, mode of EVT, methods to assess collateral status, methods to define successful reperfusion and/or recanalization, and the associations between good versus poor pre-treatment collaterals and reperfusion/recanalization. Good or poor pre-treatment collateral status was defined as in accordance with that in the primary studies; for studies classifying collateral status as of more than 2 categories, the collateral status was dichotomized as good and poor in the current analyses by adopting the dichotomization methods from other primary studies using the same imaging modality and method to gauge collateral status (Supplemental Table II).  

Study quality assessment 
Two investigators (X.L. and H.F.) independently assessed the quality of included primary studies by using the Newcastle-Ottawa Scale,[3] with a score of ≥6 or <6 respectively being rated as Quality A or B.

Outcomes 
The outcomes investigated included successful reperfusion and successful recanalization by ETV. Since the concepts of reperfusion and recanalization were frequently interchanged in the primary studies, we followed the recommendations from a recently published consensus statement [4] in the current analyses, to define reperfusion by Thrombolysis in Myocardial Infarction (TIMI), Thrombolysis in Cerebral Infarction (TICI), or modified TICI (mTICI) scales, and recanalization by the Arterial Occlusive Lesion (AOL) or the Mori scale [4]. The cut-points of these scales to dichotomize revascularization were adopted from the included primary studies. 

Data synthesis and analysis
Among all the primary studies included in the systematic review, only those reporting quantitative correlations between pre-treatment collateral status and successful reperfusion and/or recanalization as defined above were included in meta-analysis. 
Cochrane Review Manager (version 5.2) was used for data synthesis and analysis, with two-sided p-values of <0.05 and <0.10 regarded as statistically significant, respectively in tests for the effects of collateral status on individual outcomes and tests for heterogeneity. Risk ratios (RR) were pooled to estimate the overall effects of good versus poor pre-treatment collaterals on successful reperfusion and recanalization, based on DerSimonian and Laird random-effects model.[5] Funnel plots were used for visual inspection of potential publication bias.

Subgroup analyses
Subgroup analyses were conducted, to explore for potential factors that might interfere with the effects of pre-treatment collateral status on reperfusion by EVT, with grouping factors including sample size of patients receiving endovascular treatment, predominant ethnicity, mean age, male percentage, median pre-treatment National Institutes of Health Stroke Scale (NIHSS), mode of endovascular therapies, territorial strokes and occlusive arteries treated, imaging modalities to assess collateral circulation, and methods employed to define successful reperfusion in the included primary studies. Cochran’s Q (χ2) and the I2 statistics were used to evaluate between-study and between-subgroup heterogeneities. 
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