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Abstract
Background and purpose  Flow arrest with balloon 
guide catheters (BGCs) is becoming increasingly 
recognized as critical to optimizing patient outcomes for 
mechanical thrombectomy. We performed a systematic 
review and meta-analysis of the literature for studies 
that compared angiographic and clinical outcomes for 
patients who underwent mechanical thrombectomy with 
and without BGCs.
Materials and methods I n April 2017 a literature 
search on BGC and mechanical thrombectomy for stroke 
was performed. All studies included patients treated 
with and without BGCs using modern techniques (ie, 
stent retrievers). Using random effects meta-analysis, 
we evaluated the following outcomes: first-pass 
recanalization, Thrombolysis In Cerebral Infarction (TICI) 
3 recanalization, TICI 2b/3 recanalization, favorable 
outcome (modified Rankin Scale (mRS) 0–2), mortality, 
and mean number of passes and procedure time.
Results  Five non-randomized studies of 2022 patients 
were included (1083 BGC group and 939 non-BGC 
group). Compared with the non-BGC group, patients 
treated with BGCs had higher odds of first-pass 
recanalization (OR 2.05, 95% CI 1.65 to 2.55), TICI 3 
(OR 2.13, 95% CI 1.43 to 3.17), TICI 2b/3 (OR 1.54, 
95% CI 1.21 to 1.97), and mRS 0–2 (OR 1.84, 95% CI 
1.52 to 2.22). BGC-treated patients also had lower odds 
of mortality (OR 0.52, 95% CI 0.37 to 0.73) compared 
with non-BGC patients. The mean number of passes was 
significantly lower for BGC-treated patients (weighted 
mean difference −0.34, 95% CI−0.47 to −0.22). Mean 
procedure time was also significantly shorter for BGC-
treated patients (weighted mean difference −7.7 min, 
95% CI−9.0to −6.4).
Conclusions N on-randomized studies suggest that 
BGC use during mechanical thrombectomy for acute 
ischemic stroke is associated with superior clinical and 
angiographic outcomes. Further randomized trials are 
needed to confirm the results of this study.

Introduction
With mechanical thrombectomy now representing 
standard of care for treatment of acute ischemic 
stroke secondary to large vessel occlusion (LVO), 
identifying adjunctive techniques that result in 
improved outcomes for patients with LVO has 
become an issue of increasing importance.1–6 Over 
the past several years there has been growing 
interest in the use of flow arrest with a balloon guide 

catheter (BGC) as a technique to improve both 
angiographic and clinical outcomes.7–9 A number 
of benchtop studies have demonstrated that flow 
arrest during the clot retrieval process results in less 
clot fragmentation, lower rates of distal emboli, and 
more effective revascularization.7 10 These findings 
are further supported by clinical studies which have 
demonstrated that BGCs are associated with higher 
revascularization rates and improved rates of good 
neurological outcome.8 9

Despite the preponderance of data in favor of 
BGC use, most large registries suggest that only 
about 50% of stroke interventions are performed 
with a BGC, even in the most recent clinical trials. 
Due to the continuing debate regarding the use of 
flow arrest during mechanical thrombectomy, we 
performed a systematic review and meta-analysis of 
studies comparing outcomes of patients undergoing 
mechanical thrombectomy who did and did not 
undergo flow arrest with a BGC during the stroke 
intervention procedure.

Methods
Literature search
Our study adheres to PRISMA guidelines. In order 
to identify comparative studies on the use of BGCs 
during endovascular treatment of acute isch-
emic stroke, three databases were searched from 
January 2010 to April 2017: Ovid MEDLINE, 
Ovid EMBASE, and the Web of Science. The 
initial search terms were balloon guide catheter, 
flow arrest, stroke, and endovascular, thrombec-
tomy, and embolectomy. We also searched refer-
ences from multiple articles to find any additional 
studies on BGCs and outcomes of endovascular 
treatment of acute ischemic stroke not found in 
the initial literature search and contacted experts 
in the field for any additional studies that provided 
data on the use of BGCs and outcomes of stroke 
intervention.

Identified studies from the literature search 
were then further evaluated for inclusion in the 
meta-analysis. Inclusion criteria were: (1) studies 
comparing outcomes of two groups (BGC and 
non-BGC);  and (2) studies reporting separate 
angiographic and/or clinical outcomes for BGC 
and non-BGC groups. Exclusion criteria were the 
following: (1) case reports; (2) studies not sepa-
rating outcomes by BGC use; and (3) non-compara-
tive studies (ie, studies with only one group).
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Risk of bias assessment
Risk of bias assessment of the studies was performed using 
the modified Newcastle Ottawa Scale. This is a tool used for 
assessing the quality of non-randomized studies included in 
systematic reviews and/or meta-analyses. Each study is judged 
on eight items categorized into three groups:  (1) selection of 
the study groups; (2) comparability of the study groups; and 
(3) ascertainment of the outcome of interest.11 For our topic of 
interest, the factors that would make a study have a  low risk 
of bias include (1) well-defined selection criteria; (2) similar 
baseline NIH Stroke Scale (NIHSS) score, occlusion location 
and treatment paradigms between groups; and (3) independent 
assessment of neurological and angiographic outcomes. The 
quality of evidence was assessed using the GRADE approach 
(Grading of Recommendations, Assessment, Development and 
Evaluation).

Outcome variables
For the purposes of this study, patients were divided into two 
groups: BGC and non-BGC. The following outcomes were 
studied: good functional outcome, defined as a modified Rankin 
score (mRS) of  ≤2 at 90 days following endovascular treat-
ment, mortality, successful recanalization/angiographic outcome 
defined as Thrombolysis In Cerebral Infarction (TICI) 2b/3, 
TICI 3, first pass recanalization rates, mean number of passes, 
and procedure time.

Statistical analysis
From each study we extracted a 2×2 table for binary outcomes 
and the mean, group sample size and a measure of variability for 
continuous outcomes. Random effects meta-analysis was used for 
pooling across studies.12 The I2statistic was used to express the 
proportion of heterogeneity that is not attributable to chance.13 
Meta-analysis results were expressed as OR for binary outcomes 
and weighted mean difference (WMD) for continuous outcomes 
with respective 95% CIs. Due to the small number of studies, 
we performed a sensitivity analysis by analyzing the data using 
fixed-effects model as well. We explored the impact of publica-
tion bias by constructing funnel plots and testing their symmetry. 
Meta-analysis and meta-regression were conducted using STATA 
Version 14 (StataCorp LP, College Station, Texas, USA).

Results
Literature search
A total of 752 articles were found from  the literature search. 
Of these, 744 were excluded after reading the abstracts alone as 
they were not found to be relevant to our study. Of the remaining 
eight articles and conference abstracts, four were excluded 
because they did not include a control group of non-BGC 
treated patients. One additional study/conference abstract was 
found when contacting experts in the field. In total, five studies 
with 2022 patients were included (1083 BGC  group and 939 
non-BGC group; figure 1).8 9 14–16 All patients were treated with 
stent  retriever technology. The largest study had 880 patients 
and the smallest study had 87 patients. 

All patients in the included studies were treated with 
stent  retrievers. All but one study only included patients with 
anterior circulation strokes. Posterior circulation strokes repre-
sented 0.6% (7/1083) of the BGC group and 3.0% (28/939) 
of the non-BGC group. No study demonstrated a difference 
in baseline NIHSS between groups. In two studies there were 
important differences in baseline demographics and comor-
bidities between groups. Four studies were post  hoc analyses 

of multicenter prospective registries or clinical trials and two 
included core laboratory analysis of outcomes. Risk of bias was 
moderate in four studies and high in one study. These data are 
summarized in table 1.

Clinical outcomes
BGC-treated patients had mRS 0–2 rates of 59.7% (572/958) 
compared with 43.8% (369/842) for non-BGC-treated patients 
(OR 1.84, 95% CI 1.52 to 2.22, p<0.01; figure 2). Mortality 
rates were significantly lower in BGC-treated patients (62/453, 
13.7%) than  in non-BGC-treated patients (116/467, 24.8%) 
(OR  0.52, 95% CI 0.37 to 0.73, p<0.01). These data are 
summarized in table 2.

Angiographic and procedural outcomes
The overall rate of first-pass recanalization was 63.1% (497/788) 
for the BGC group compared with 45.2% (280/619) for the 
non-BGC group (OR  2.05, 95% CI 1.65 to 2.55, p<0.01). 
The rate of TICI 3 was 57.9% (114/197) in the BGC group and 
38.2% (87/228) for the non-BGC group (OR 2.13, 95% CI 1.43 
to 3.17, p<0.01) and the rate of TICI 2b/3 was 78.9% (817/1035) 
for the BGC group and 67.0% (603/900) for the non-BGC group 
(OR 1.54, 95% CI 1.21 to 1.97, p<0.01; figure 3). These data 
are summarized in table 2.

The mean number of passes was 1.7 (95% CI 1.6 to 1.8) for 
BGC-treated patients and 2.0 (95% CI 1.9 to 2.2) for non-BGC-
treated patients (WMD  −0.34, 95%  CI  −0.47  to  −0.22, 
p<0.01). Mean procedure time was 70.5 min (95% CI 37.5 
to 103.5) for the BGC group compared with 90.9 min (95% 
CI 47.1 to 134.7) for the non-BGC group  (WMD  −7.7, 
95% CI −9.0 to −6.4, p<0.01). These data are summarized in 
table 3.

Heterogeneity, publication bias and quality of evidence
I2 values were 67% for TICI 2b/3, 66% for mean number 
of passes, and 98% for mean procedure time. I2 values were 
10% for first-pass recanalization, 0% for TICI 3, 0% for mRS 
0–2, and 50% for mortality. The p value for publication bias 
using Egger’s regression was 0.49 (figure  4), suggesting no 
bias,  although this is not reliable due to the small number of 
studies. The quality of evidence supporting all outcomes was 
low due to the non-randomized nature of the included studies 
and heterogeneity.

Figure 1  PRISMA flow diagram.
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Sensitivity analysis
Sensitivity analysis using a fixed effects model showed no 
significant change in meta-analysis results when compared 
with the random effects model. Sensitivity analysis removing 
the largest study (Zaidat et al, STRATIS subgroup analysis)16 17 
from our primary outcome of mRS 0–2 showed similar results 
to our overall analysis—namely, BGC use was associated with 
a significantly higher odds of good neurological outcome than 
non-BGC use with no heterogeneity (OR 2.0, 95% CI 1.52 to 
2.59, I2=0%). When excluding patients with posterior circula-
tion stroke, BGC use was associated with a significantly higher 
odds of good neurological outcome than non-BGC use with no 
heterogeneity (OR 1.85, 95% CI 1.52 to 2.24, I2=0%).

Discussion
Our systematic review and meta-analysis of five studies including 
over 2000 patients found that the use of BGC during stroke 
intervention with a stent retriever is associated with significantly 
improved clinical, angiographic, and procedural outcomes. 
BGC-treated patients had significantly higher rates of good 
neurological outcome and nearly half the mortality rate of 
non-BGC-treated patients. While there was a 12% difference in 
TICI 2b/3 rates, there was a 20% difference in TICI 3, indi-
cating that BGC use resulted in less clot fragmentation and distal 
embolization. The fact that first-pass recanalization rates were 
over 60% was probably the key factor in the 20 min reduction 
in procedure time associated with BGC use. These findings are 
important as they suggest that BGC use may be a key factor in 
improving outcomes of patients receiving endovascular treat-
ment for LVO.

A number of preclinical benchtop studies have highlighted 
the mechanism by which BGCs confer benefit during stroke 
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Figure 2  Forest plot for modified Rankin Scale (mRS) 0–2.

Table 2  Categorical outcomes

Number of 
studies BGC No BGC

OR 
(95% CI) p Value I2

First-pass 
recanalization 3 63.1% 45.2%

2.05 (1.65 
to 2.55) <0.01 10%

TICI 3 2 57.9% 38.2%
2.13 (1.43 
to 3.17) <0.01 0%

TICI 2b/3 4 78.9% 67.0%
1.54 (1.21 
to 1.97) <0.01 67%

mRS 0–2 4 59.7% 43.8%
1.84 (1.52 
to 2.22) <0.01 0%

Mortality 3 13.7% 24.8%
0.52 (0.37 
to 0.73) <0.01 50%

BGC, balloon guide catheter; mRS, modified Rankin Scale; NIHSS, NIH Stroke Scale.
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intervention.7 10 In a study using a silicon LVO model of stroke, 
Chueh et al found that the use of a BGC resulted in a significant 
reduction in large clot fragments as well as improved recanali-
zation.7 Interestingly, the reduction in distal emboli was 18-fold 
higher than controls when the clot was a fragile clot and twofold 
higher than controls when the clot was an elastic clot.7 These 
findings are corroborated by the findings of our study which 
showed that patients who were treated with a BGC had a nearly 
20% higher rate of TICI 3 than those treated without a BGC.

Over the past several years a number of studies have demon-
strated the clinical benefits of BGCs in the treatment of patients 
with acute ischemic stroke. In fact, evidence in favor of BGC use 
has been so compelling that it was a mandatory part of the stroke 
intervention procedure in the EXTEND-IA study and STAR 
Trial.2 In a post hoc analysis of the NASA registry, Nguyen et al 
found that BGC use was associated with significantly higher rates 
of TICI 3 and good clinical outcome and significantly shorter 
procedure times.8 In their study, BGC use was independently 
associated with a  good clinical outcome on multivariate anal-
ysis.8 In a retrospective study of two institutions, Velasco et al 
found that the use of a BGC was associated with higher rates of 
successful revascularization and a nearly twofold higher rate of 
one-pass thrombectomy. Furthermore, procedure time was 50% 
shorter in the BGC group than in the non-BGC group.9 In the 
ESCAPE trial, BGC use was associated with a 21% reduction 
in procedure time (8 min).17 Findings from our meta-analysis 
provide further compelling evidence in support of BGC use with 
significant reductions in procedure time and improvements in 
revascularization rates and clinical outcomes.

BGCs are not without their limitations. When using a BGC, 
one must use an 8Fr or 9Fr groin sheath, which is larger than the 
typical 6Fr access needed for performing direct aspiration. It is 
important to point out that recently published studies have very 
low groin complication rates with 8Fr and 9Fr sheaths however.18 
There are issues with stability when using a BGC, particularly in 
difficult arches. In one of the studies included in our analysis, 
patients treated with BGCs were younger than those treated 
without a BGC, suggesting that there was a bias to treating 
patients with more tortuous arches without the use of a BGC.14

Limitations
Our study has limitations. All of the included studies were 
post  hoc analyses of registries or clinical trials or small retro-
spective experiences of a few centers. Because of this, there is 
a possibility for selection bias. Three of the included studies 
were conference abstracts which have not yet been published as 
full-text articles. However, the Institute of Medicine Standards 
of Systematic Reviews recommends searching trial registries, 
conference abstracts, regulatory documents, and other sources 
of unpublished information for the purposes of systematic 
reviews.19 Another limitation is the fact that multiple types of 
stent retrievers and BGCs were used in this study which intro-
duces some heterogeneity. Due to the small number of studies 
we were unable to study outcomes by occlusion location (ie, 
M1, ICA bifurcation) and other important baseline character-
istics. Despite the high likelihood of bias and confounding, the 
meta-analytic estimates presented are the best available evidence 
and decisions have to be based on the available evidence. Using 
GRADE, the quality of evidence is low, which reflects the pres-
ence of bias.

We were unable to compare outcomes of patients treated 
using direct aspiration without BGCs  with those of patients 
treated with BGCs with stent retriever or aspiration. Data on 
the use of distal access catheters, aspiration techniques, and 
pinning techniques were not available in the included studies. 
This is particularly important as some suggest that the contin-
uous aspiration that is performed when using distal access 
catheters may reduce clot fragmentation and distal emboli. 
However, benchtop studies demonstrate that flow reversal 
is significantly improved when using a BGC compared with 
a conventional guide catheter.7 It is important to point out 
that continuous aspiration does not result in flow arrest as, 
once the aspiration catheter gets clogged by the very first 
part of the clot, the remainder of the clot is fully exposed 
to the strong arterial flow in the carotid and middle cerebral 
artery. Data from the Interest of Direct Aspiration First Pass 
Technique (ADAPT) for Thrombectomy Revascularization of 
Large Vessel Occlusion in Acute Ischemic Stroke (ASTER) trial 

Figure 3  Forest plot for Thrombolysis In Cerebral Infarction (TICI) 
2b/3.

Table 3  Continuous outcomes

Number of studies BGC No BGC Mean difference (95% CI) p Value I2

Mean number of passes (SD) 4 1.7 (1.6 to 1.8) 2.0 (1.9 to 2.2) −0.34 (−0.47 to −0.22) <0.01 66%

Mean procedure time, min (SD) 4 70.5 (37.5 to 103.5) 90.9 (47.1 to 134.7) −7.7 (−9.0 to −6.4) <0.01 98%

Figure 4  Funnel plot for publication bias.
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suggest that there were no statistically significant differences 
in revascularization rates when performing the ADAPT tech-
nique compared  with using a stent  retriever.20 However, it 
is unclear at this time whether BGCs were used in this trial. 
Lastly, use of a BGC does not necessarily mean that the actual 
technique of using a BGC (appropriate positioning, sufficient 
inflation, aspiration, etc) was appropriate or effective. Thus, is 
possible that many patients in the BGC group did not actually 
achieve flow arrest.

It is interesting to point out that procedure times in the 
BGC and non-BGC groups were still high when compared 
with rates that have been previously reported in the literature 
(70 min and 90 min, respectively). This is despite the fact that 
first-pass recanalization rates were as high as 60% in the BGC 
group. There is an apparent incongruence which is difficult to 
explain based on the data presented in the included articles.

Conclusions
Data from our meta-analysis suggest that BGC use is associated 
with significant improvement in procedural, angiographic, 
and clinical outcomes. Further rigorously conducted studies 
are needed to confirm these results. Ultimately, a randomized 
controlled trial comparing the efficacy of BGC versus no-BGC 
may be needed to determine if BGC use should be standard 
of care.
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