Clinical Article

J Korean Neurosurg Soc 62 (4) : 389-397, 2019
https://doi.org/10.3340/jkns.2018.0165 pISSN 2005-3711 eISSN 1598-7876

The Effects of Balloon-Guide Catheters on Outcomes
after Mechanical Thrombectomy in Acute Ischemic
Strokes : A Meta-Analysis

Jun Hyong Ahn,' Steve S. Cho,? Sung-Eun Kim,*Heung Cheol Kim,* Jin Pyeong Jeon"**

Department of Neurosurgery,” Hallym University College of Medicine, Chuncheon, Korea
Perelman School of Medicine at the University of Pennsy! vania,’ Philadelphia, PA, USA
Department of Emergency Medicine,” Seoul Emergency Operations Center, Seoul, Korea
Department of Radiology,” Hallym University College of Medicine, Chuncheon, Korea

Institute of New Frontier Research,” Hall lym University College of Medicine, Chuncheon, Korea
Genetic and Research,’ Hallym University College of Medicine, Chuncheon, Korea

Objective : Mechanical thrombectomies with balloon-guide catheters (BGC) are thought to improve successful recanalization
rates and to decrease the incidence of distal emboli compared to thrombectomies without BGC. We aimed to assess the effects of
BGC on the outcomes of mechanical thrombectomy in acute ischemic strokes.

Methods : Studies from PubMed, EMBASE, and the Cochrane library database from January 2010 to February 2018 were reviewed.
Random effect model for meta-analysis was used. Analyses such as meta-regression and the “trim-and-fill” method were
additionally carried out.

Results : A total of seven articles involving 2223 patients were analyzed. Mechanical thrombectomy with BGC was associated with
higher rates of successful recanalization (odds ratio [OR], 1.632; 95% confidence interval [Cl], 1.293-2.059). BGC did not significantly
decrease distal emboli, both before (OR, 0.404; 95% Cl, 0.108-1.505) and after correcting for bias (adjusted OR, 1.165; 95% Cl, 0.310—
4.382). Good outcomes were observed more frequently in the BGC group (OR, 1.886; 95% Cl, 1.564-2.273). Symptomatic intracranial
hemorrhage and mortality did not differ significantly with BGC use.

Conclusion : Our meta-analysis demonstrates that BGC enhance recanalization rates. However, BGC use did not decrease
distal emboli after mechanical thrombectomies. This should be interpreted with caution due to possible publication bias and
heterogeneity. Additional meta-analyses based on individual patient data are needed to clarify the role of BGC in mechanical
thrombectomies.
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INTRODUCTION

Mechanical thrombectomies are commonly performed for
acute ischemic strokes and result in improved angiographic
and neurological outcomes compared with intravenous phar-
macologic thrombolysis alone”. Achieving successful recana-
lization with a shorter procedure duration is of major interest
to neurointerventionists. Accordingly, outcome comparisons
focusing on stent types or combination techniques have been
performed extensively. However, distal embolization after the
procedure has been reported in up to 17% of all cases?®. In ad-
dition, 11.4% of patients with acute middle cerebral artery
(MCA) occlusions experienced new vascular territory infarc-
tions'”. Since clot migration distally to the initial occlusion
site or to new vascular territories can worsen neurologic out-

comes™

, prevention of clot fragmentation and subsequent mi-
gration should be investigated alongside rapid and successful
recanalization. Balloon-guide catheters (BGC) are increasing-
ly being used for temporary proximal flow arrest during me-
chanical thrombectomies?. In an in vitro MCA hard clot oc-
clusion model, flow arrest using BGC resulted in higher
recanalization rates and decreased distal emboli incidence
with fewer thrombectomy attempts®. Nevertheless, associa-
tions between BGC and better angiographic or neurologic
outcomes have not been well documented in patients with
acute ischemic strokes. Post-hoc analysis of the North Ameri-
can Solitaire Acute Stroke registry® showed that complete re-
canalization, defined as Thrombolysis In Cerebra Ischemia
(TICI) 3 grade, was observed more often in the BGC group
than in the non-BGC group. In addition, BGC use was inde-
pendently associated with good clinical outcomes. However,
the incidence of distal emboli did not differ significantly be-
tween the two groups. Velasco et al.?” reported that one-pass
thrombectomies were achieved more frequently in the BGC
group. However, follow-up data about clinical outcome was
not provided. Here, we performed an updated meta-analysis
including recently published articles to compare the treatment
outcomes using BGC versus not using BGC during mechani-

cal thrombectomies.
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MATERIALS AND METHODS

Literature search and selection criteria

Studies from PubMed, EMBASE, and the Cochrane Central
Register of Controlled trials in the Cochrane Library from
January 2010 to February 2018 were searched using the MeSH
terms or key words®. The details of the search strategy are de-
scribed in Supplementary material. The inclusion criteria were :
1) studies comparing treatment outcomes according to BGC
use (BGC vs. non-BGC), 2) studies with participants above 18
years of age, and 3) studies with extractable separate angio-
graphic and clinical outcomes®. Exclusion criteria were :
1) studies which did not separate outcomes according to BGC
use, 2) studies reporting overlapping data, 3) studies with ab-
sence of interest outcomes, 4) studies without extractable data,
and 5) review articles or case reports. We also requested addi-
tional data pertaining to stroke outcomes by contacting the
authors for correspondence. The risk of bias for each study
was assessed using the Newcastle-Ottawa scale for non-ran-
domized studies (Supplementary Table 1).

Primary outcomes measured were successful recanalization
and distal embolization. Secondary outcomes were good out-
come at 3 months, mortality, and symptomatic intracranial
hemorrhage (S-ICH). Successful recanalization was defined as
TICI >2b". Distal embolization was defined as thrombus frag-
mentation or embolus migration to a distal branch of the
same vascular territory or to a new territory after the proce-
dure''”. Good clinical outcome was defined by a modified
Rankin scale score of <2. S-ICH was defined as any ICH, sub-
arachnoid hemorrhage or intraventricular hemorrhage con-
comitant with an increase of >4 points on the National Insti-
tute of Health Stroke Scale (NIHSS) over the baseline score
within 24 hours or death"'®. Two authors (J.H.A. and S.E.K.)
independently evaluated the eligibility of the studies and ex-
tracted the data using a uniform, standardized form. Dis-
agreements between the two authors were resolved by discus-
sion with the other reviewers (H.C.K. and J.P.J.). This study
was approved by the Institutional Review Boards of Chun-
cheon Sacred Heart Hospital. The meta-analysis was per-
formed according to the PRISMA guidelines.

Statistical analysis
Dichotomous variables are shown as odds ratio (OR) with a

95% confidence interval (CI). Heterogeneity was evaluated us-



ing the I*test. A random effects model was used due to mod-
erate heterogeneity. Publication bias was determined using
Begg's funnel plot and Egger’s regression. Due to the presence
of heterogeneity among studies, meta-regression analysis was
performed to determine whether onset-to-puncture time
(OTP) differences affected the primary outcomes. To resolve
publication bias, the “trim and fill” method was additionally
conducted to assess the number of missing studies and risk-
adjusted outcome'. A comprehensive meta-analysis (CMA)
software (CMA v2.2.064; Biostat, Englewood, NJ, USA) was
used for all the above, with a statistical significance indicated
at p<0.05.

RESULTS

Identification of relevant studies
A tlow diagram of the detailed search process for the studies
in this meta-analysis is presented in Fig. 1. After applying the

inclusion and exclusion criteria, we found 13 articles to be eli-
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gible. Of them, six articles were excluded in the final analysis
due to lack of extractable data (n=2), absence of interest out-
comes (n=2), or being review studies (n=2). Finally, seven arti-
cles were included in this meta-analysis. The mean age in each
study ranged from 63.8 to 70.5 years. The mean NIHSS score
at admission was 11.2-17.6 for the BGC group and 13.2-18.3
for the non-BGC group (Table 1).

Primary outcomes and publication bias

A total of six studies involving 2136 patients were analyzed
for successful recanalization. The number of patients with a
successful recanalization was 978 (86.4%) in the BGC groups
and 785 (78.2%) in the non-BGC groups. Mechanical throm-
bectomy with BGC increased successful recanalization rates
significantly compared to without BGC (OR, 1.632; 95% CI,
1.293-2.059) (Fig. 2A). The number of distal emboli was 37
(15.4%) with BGC and 70 (24.6%) in the non-BGC group, re-
spectively. Mechanical thrombectomy with BGC did not sig-
nificantly affect the incidence of distal emboli compared to
thrombectomy without BGC (OR, 0.404; 95% CI, 0.108—
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Fig. 1. Flow diagram detailing the identification of relevant studies.
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1.505) (Fig. 2B). Publication bias analysis for successful recan-
alization showed funnel plot asymmetry (Fig. 3A). Egger’s re-
gression test exhibited an intercept of 2.61 (95% CI, -0.53 to
5.77). Regarding distal emboli, funnel plot asymmetry was
also observed (Fig. 3B) with intercept of Egger’s regression test
of -6.46 (95% CI, -34.48 to 21.55). Accordingly, possible publi-

Study name Statistics for each study
Lower Upper
BGC Non-BGC OR limit fimit
Nguyen et al” (2014) 113/149 133/186 1.322 0.811 2.153
Nguyen et al.” (2015) 236/279  191/255 1.839 1195 2.830

Velasco et al.”” (2016) 96/102 61/81 5.246 1994 13.798

Zaidat et al.”’ (2016) 450/505  327/375 1.201 0.795 1.814
Lee etal.” (2017) 63/73 48/66 2.363 1.000 5580
Ohetal” (2017) 20/24 25/38 2.600 0733 9.217

1632 1.293 2.059

(A) Heterogeneity : X*=9.967, df=5 (p=0.076); =49.835%

Study name Statistics for each study
Lower Upper
BGC Non-BGC OR limit limit
Nguyen et al.® (2014) 26/143 29/181 1165 0.651 2.084
Lee etal.” (2017) 5/73 21/66 0158 0.055 0.448
Ohetal.” (2017) 6/24 20/38 0.300 0.098 0.921
0.404 0.108 1,505

Heterogeneity : X2=12.716, df=2 (9=0.002); 1>=84.272%
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cation bias was observed for each test.

Meta-regression

Meta-regression analysis was conducted to estimate the log
ORs of successful recanalization and distal emboli based on
differences in the OTP. A regression coefficient of 0.017 (p-

OR and 95% Cl
Z-value p-value
1120 0.263 s
2771 0.006 -
335 0001 ——
0.870 0.384 .
1.961 0.050 -
1480 0139 .
4128 0.000
0.01 01 1 10 100
Favors non-BGC Favors BGC
OR and 95% Cl
Z-value p-value
0.514 0.607
-3.464 0.001
2103 0.035
-1.351 0117
0.01 01 1 10 100
Favors BGC Favors non-BGC

Fig. 2. Comparison of successful recanalization (A) and distal emboli (B) after mechanical thrombectomy according to BGC use (BGC vs. non-BGC). OR:

odds ratio, Cl: confidence interval, BGC : balloon-guiding catheter.
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Fig. 3. Publication bias in comparison of successful recanalization (A) and distal emboli (B) after mechanical thrombectomy between the two groups of

BGC and non-BGC. OR: odds ratio, BGC : balloon-guiding catheter.
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value=0.015) was observed in successful recanalization (Fig.
4A). Accordingly, a linear relationship was observed between
the OTP differences and the log odds ratios for successful re-
canalization. Regarding distal emboli, the regression coeffi-
cient was -0.030 (p-value=0.118), suggesting absence of signifi-
cant effect of the OTP differences on the log odds ratio of
distal emboli (Fig. 4B).

Trim and fill method

To resolve possible publication bias, we trimmed two stud-
ies for successful recanalization. After correction of the forest
plot, the adjusted OR was 1.489 (95% CI, 1.191-1.860), sug-
gesting a significant relationship between BGC use and higher
rates of successful recanalization (Supplementary Table 2).
Regarding distal emboli, we trimmed two studies to resolve
publication bias. After correction of the forest plot, the adjust-
ed OR was 1.165 (95% ClI, 0.310—4.382), suggesting lack of a
significant relationship between BGC use and distal emboli
after thrombectomy (Supplementary Table 2).

140
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- Leeetal” (2017
100 (2017) O
2 0801 O Ohetal.” (2017)
£ 0601 ///
S 040
Q Nguyen et al® (2014)
0.20-]
0.00-|
_020 I I I I I I I I I
240 260 280 300 320 340 360 380 400 420
(A OTP difference

Secondary outcomes : BGC vs. non-BGC

The number of good outcomes at 3 months was 584 (59.5%)
with BGC and 375 (42.6%) in the non-BGC group. Good out-
comes were observed more frequently in mechanical throm-
bectomies with BGC (OR, 1.886; 95% CI, 1.564-2.273). No
significant difference in mortality rate was observed accord-
ing to BGC use (OR, 0.696; 95% CI, 0.441-1.098). The inci-
dence of S-ICH did not differ significantly with BGC use (OR,
0.730; 95% CI, 0.173-3.084) (Table 2).

DISCUSSION

Our study showed that BGC enhance successful recanaliza-
tion. However, BGC use did not decrease distal emboli after
mechanical thrombectomies. Nevertheless, possible publica-
tion bias and heterogeneity among studies should be consid-
ered to the interpretation.

It is believed that mechanical thrombectomy with BGC
leads to higher rates of successful recanalization and lower

risks of distal emboli by decreasing proximal flow when com-

Nguyen et al.” (2014)

0001 O
200 \Q\Ohetal.‘” (2017)

Lee etal® (2017)

Log odds ratio
g

240 260 280 300 320 340 360 380 400 420

OTP difference

Fig. 4. Meta-regression of differences in the onset-to-puncture time (OTP) and the log odds ratios for successful recanalization (A) and distal emboli
incidence (B) in three studies. The difference in the mean OTP was used in three studies. Each study is represented by a circle, whose size is proportional
to the study weight in the meta-analysis. The straight line represents the best line of correlation (p-value=0.015 in A and p-value=0.118 in B).

Table 2. Meta-analysis of secondary outcomes including good outcome at 3 months, mortality and S-ICH

2
|

No. of studies OR BGC vs. non-BGC 95% Cl p-value
Good outcome at 3 months 5 1.886 1.564-2.273 <0.001 0
Mortality 3 0.696 0.441-1.098 0120 0
S-ICH 3 0.730 0.173-3.084 0.669 75.896

S-ICH : symptomatic intracranial hemorrhage, BGC : balloon-guide catheter, OR : odds ratio, Cl : confidence interval

39%  https://doi.org/10.3340/jkns.2018.0165



pared to thrombectomy without BGC. Chueh et al.” reported
that distal emboli greater than 1 mm in diameter were signifi-
cantly decreased in the BGC group in an in vitro MCA occlu-
sion model. In addition, aspiration though BGC provided
higher flow reversal than with conventional guiding catheter.
Conversely, Mokin et al." did not find meaningful differences
in successful recanalization with BGC use, although emboli-
zation to new vascular territories occurred less frequently in
the BGC group than in the non-BGC group in an in vitro
MCA clot model. A recent meta-analysis® reported a signifi-
cantly higher rate of successful recanalization in the BGC
group (78.9%) than in the non-BGC group (67.0%). Neverthe-
less, differences in OTP between the two groups, affected
treatment outcomes. In this study, we explored the effects of
OTP differences on primary outcomes with BGC use. Regard-
ing successful recanalization, the regression coefficient was
0.017, indicating a linear relationship between the OTP differ-
ence and the log odds ratio of successful recanalization. Ac-
cordingly, OTP difference can be a moderator which may
have a substantial effect on outcome prediction. Five stud-
ies'>!82) compared clinical outcomes at 3 months according to
BGC use. The BGC group had more patients with good clini-
cal outcomes than the non-BGC group. Recently, Zaidat et
al.?? reported that the first-pass effect, defined as complete re-
canalization with a single device pass, was associated with
better clinical outcome. In their study, ischemic stroke pa-
tients with first-pass effects resulted in better outcomes at 3
months compared to those without first-pass effects. Velasco
et al.?” showed that successful thrombectomies with a single
device pass was observed more frequently in the BGC group
than in the non-BGC group with markedly shorter durations.
Therefore, it is possible that mechanical thrombectomy with
BGC leads to improved clinical outcome by enabling first-pass
recanalization and significantly decreasing procedure time.
However, the effects of anesthesia should also be considered
when assessing clinical outcome after the procedure. Accord-
ing to Brinjikji et al.”, the use of general anesthesia signifi-
cantly decreased the rates of good clinical outcome after ad-
justing for baseline NIHSS. Therefore, additional meta-
analyses based on individual patient data that considers OTP
difference and anesthesia type, are required.

Concerns about BGC use during mechanical thrombecto-
my include: patients’ tolerance to temporal flow arrest”, deliv-

ery time based on the insertion of the BGC in the proximal
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internal carotid artery, especially in patients with difficult
arches, and groin puncture site complications due to larger 8
Fr or 9 Fr groin sheath that are required for BGC use. To ad-
dress the first concern, immediate partial MCA flow reversal
has been noted in an in vitro MCA occlusion model® when
using stent retrievers during BGC inflation. However, in clini-
cal circumstances, patients with poor collateral vasculature
may have a higher risk of ischemic brain injury during balloon
inflation. As to the second concern, a comparison of guiding
catheter delivery time based on BGC use has not been well
documented. Overall, patients who underwent mechanical
thrombectomy without BGC appear to be younger than those
in the BGC group*'®. Consequently, sample selection bias
could occur, due to patients with more tortuous arches being
more likely to be treated with conventional guiding cathe-

+19, Finally, a subset of neurointerventionists are reluctant

ters
to use BGC due to complications associated with the groin
puncture site. Shah et al."” reported lower groin site complica-
tion rates of 0.4—0.8%; however, safety issue, especially in the
elderly patients with atherosclerotic stenosis of the internal ili-
ac arteries or a history of coagulopathy, should be studied fur-
ther.

This study has a few limitations. First, all the studies includ-
ed were retrospective with small sample sizes. Consequently,
inherent selection biases, such as differences in the intrave-
nous recombinant tissue-type plasminogen activator”'?, and
anesthesia type (general vs. local anesthesia) may influence
the results. Second, technical variations in the mechanical
thrombectomy process were not considered. Although stent
retrievals with BGC are commonly performed, multimodal
approaches such as the direct aspiration first-pass technique
(ADAPT), stent-retrieving aspiration catheter with proximal
balloon (ASAP), continuous aspiration before intracranial
vascular embolectomy (CAPTIVE), stent-retriever-assisted
vacuum-locked extraction (SAVE) and stent retrieval with si-
multaneous aspiration of the clot (Solumbra) exists and are
used in daily practice*®¥. Advances in endovascular technolo-
gies will determine the choice and timing of these interven-
tions. Accordingly, the clinical efficacy of BGC should be
evaluated under various conditions through large-scale pro-

spective studies.
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CONCLUSION

Our study showed that mechanical thrombectomy with
BGC demonstrated a higher rate of successful recanalization
compared to thrombectomy without BGC. Regarding distal
emboli incidence, BGC use did not decrease the events. Al-
though possible publication bias was observed, the adjust ORs
did not reach statistical significance. Nevertheless, the retro-
spective format and small sample sizes of the analyzed studies
limit our conclusion. Meta-analyses based on individual pa-
tient data derived from large, prospective and randomized
controlled trials are necessary to properly compare the angio-
graphic and neurological outcomes according to BGC use in

mechanical thrombectomy.
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