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Abstract: The positive results of recent trials for the treatment of acute

ischemic stroke have highlighted the importance of imaging selection

before endovascular therapy. We performed a stratified meta-analysis to

confirm this new understanding.

We searched EMBASE, PubMed, Cochrane Central Register of

Controlled Trials, and ClinicalTrials.gov in April 2015 for randomized

controlled trials evaluating the effect of endovascular treatment in

patients with acute ischemic stroke. The meta-analysis was stratified

by whether computed tomographic angiography (CTA) was used to

select patients. Outcome data were pooled using fixed-effects models.

Seven randomized controlled trials with 2217 patients were included

in this study. Endovascular therapy significantly increased the rate of

90-day functional independence (a modified Rankin score of 0–2) in

patients with a CTA-confirmed large-vessel occlusion (relative risk

[RR] ¼ 1.75, 95% confidence interval [CI]: 1.48–2.06, I2¼ 0.0%), and

reduced 90-day mortality in patients with occlusion stroke with a small

ischemic core (RR¼ 0.58, 95% CI: 0.37–0.89, I2¼ 0.0%). The func-

tional benefit was significantly greater in patients with CTA-based

selection than in those without (Z¼ 5.04, P<0.001). The mortality

benefit was significantly greater in patients with a large-vessel occlusion

and a small ischemic core than in those without CTA-based selection

(Z¼ 2.04, P¼0.041). There was no evidence of between-study hetero-

geneity or publication bias.

This meta-analysis showed the effect of vascular imaging on

identifying patients with acute ischemic stroke with a proximal vessel

occlusion and a small ischemic core, who would benefit from endo-
Wuxiang Xie, MD, PhD

Abbreviations: CI = confidence interval, CTA = computed

tomographic angiography, PRISMA = preferred reporting items

for systematic reviews and meta-analyses, RCT = randomized

controlled trial, RR = relative risk, tPA = tissue-type plasminogen

activator.

INTRODUCTION

S troke is the second most common cause of death and the
third most common cause of disability worldwide.1,2 Acute

ischemic stroke due to large-vessel occlusion is the most
common subtype of stroke.3 To date, intravenous tissue-type
plasminogen activator (tPA) within 4.5 hours after symptom
onset has been the only reperfusion therapy with proven effi-
cacy in patients with acute ischemic stroke.4 However, patients
with intracranial large-vessel occlusion are often not responsive
to intravenous tPA, and 60–80% of these patients die within
90 days after stroke onset or do not regain functional indepen-
dence despite intravenous tPA treatment.5,6 Therefore, new
therapies are urgently needed to treat stroke attributable to
large-vessel occlusion.

Endovascular therapy using mechanical devices delivered
via catheter angiography has been attracting increasing atten-
tion, and has been regarded as a potentially important modality
in treating patients with large-vessel occlusion. However, the
published results of randomized controlled trials (RCTs) have
been inconsistent. In 2013, 3 RCTs reported no superiority of
endovascular therapy as compared with intravenous tPA
alone,6–8 whereas 4 recent RCTs demonstrated that endovas-
cular therapy significantly improved clinical outcomes in
patients with acute ischemic stroke.5,9–11 A major difference
between RCTs with positive results and those with neutral
results may lie in the use of computed tomographic angiography
(CTA) to select patients with proximal intracranial arterial
occlusion.12 To confirm the significance of brain imaging in
identifying patients who would benefit from endovascular
therapy, we performed this stratified meta-analysis.

METHODS
This study was performed in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.13 Ethics approval was not necessary for
this study, as only de-identified pooled data from individual
studies were analyzed.

Data Sources and Search Strategy
A systematic literature search was conducted on April 21,

2015 using EMBASE, PubMed, Cochrane Central Register of

linicalTrials.gov. We limited our search

umans. Details of the search strategy are
ttp://links.lww.com/MD/A415. Initially,
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titles alone were reviewed for suitability. The abstracts of
suitable titles were obtained, and these were then reviewed
with regard to suitability for full-text retrieval. Data were then
extracted from suitable full-text reports. Additional appropriate
reports were added when discovered by citation tracking.

Study Selection
The main inclusion criterion was an RCT comparing

endovascular treatment plus standard care with standard care
alone, or comparing endovascular treatment with standard care
in adults (aged�18 yr) with acute ischemic stroke, with clinical
outcomes reported. No restrictions on language, follow-up, or
study size were applied. We excluded studies in which the
control groups did not include intravenous tPA,14–16 because the
latest guidelines recommend that patients with acute ischemic
stroke should receive intravenous tPA if eligible (Class I; Level
of Evidence A).17 The results from those trials that did not use
intravenous tPA as a control are not directly applicable to
current decision making with regard to treatment.

Zheng and Xie
The primary outcome was functional independence (a
modified Rankin score of 0–2) at 90 days, and the secondary
outcome was 90-day mortality.

FIGURE 1. Study selection flow diagram adapted from the Preferred Re
Statement.

2 | www.md-journal.com
Data Extraction and Quality Assessment
Two authors independently extracted data using a prede-

termined data collection template. In the event of disagreement
about study inclusion or interpretation of data, consensus was
reached by discussion.

The following data were recorded: publication character-
istics, countries or regions of the study, study centers, sample
size, patient characteristics, occlusion location, National Insti-
tutes of Health Stroke Scale score, onset-to-treatment interval,
use of CTA, patient selection based on a small ischemic core,
intention-to-treat analysis, and efficacy outcomes.

Study quality was independently assessed by 2 reviewers,
who used the Cochrane Collaboration’s risk-of-bias method.18

Supplementary Figure S1, http://links.lww.com/MD/A415
shows the risk of bias of the included trials.

Data Synthesis and Analysis
Pooled relative risk (RR) and 95% confidence interval (CI)

were calculated using a fixed-effects model with the Mantel–
Haenszel method, given the absence of moderate inconsistency

Medicine � Volume 94, Number 38, September 2015
(>50%) across studies. Prespecified sensitivity analyses using a
DerSimonian–Laird random-effects model were also con-
ducted. The extent of variability across studies attributable to

porting Items for Systematic Reviews and Meta-Analyses (PRISMA)

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Imaging Selection and Endovascular Therapy
heterogeneity beyond chance was estimated using the I2 stat-
istic. This meta-analysis was stratified by whether CTA was
used to select patients, and the 2 pooled RRs were compared
using a Z test.19 Potential publication bias was assessed with the
Egger’s test and represented graphically with funnel plots of
the natural log of the RR versus its standard error.20 STATA 11
(Stata Corp, College Station, TX) was used for statistical
computations. A 2-sided P value of<0.05 was considered
significant.

RESULTS

Study Selection
Figure 1 shows the study selection process. The initial search

identified 568 publications. The full text of 25 articles was
reviewed in detail, and 18 were further excluded for the following
reasons: not targeting patients (n¼6), trials comparing effects
between thrombectomy devices (n¼ 4), comparing effects bet-
ween thrombolytic drugs (n¼ 3), a control group that did not
include intravenous tPA (n¼ 3), and post-hoc analysis of an
included trial (n¼ 2). Ultimately, 7 RCTs with 2217 participants
were included in this meta-analysis (Tables 1 and 2),5–11 of which
4 trials used CTA to select patients with proximal intracranial
arterial occlusion.5,9–11 Three of the 4 trials further adopted
advanced imaging techniques to select patients with a small
ischemic core, and either moderate-to-good collateral circulation
or salvageable brain tissue.9-11

Functional Independence
Figure 2 presents that the rate of functional independence

at 90 days was significantly increased with endovascular
therapy in patients undergoing CTA-based selection
(RR¼ 1.75, 95% CI: 1.48–2.06, I2¼ 0.0%), but this signifi-
cance disappeared in patients without CTA-based selection
(RR¼ 0.99, 95% CI: 0.85–1.14, I2¼ 0.0%). The difference
between the 2 pooled RRs was significant (Z¼ 5.04,
P<0.001).

All-Cause Mortality
As shown in Figure 3, there was no significant effect of

endovascular therapy on 90-day mortality, regardless of
whether CTA-based selection was used (CTA-based:
RR¼ 0.78, 95% CI: 0.60–1.01, I2¼ 21.4%; non-CTA-based:
RR¼ 0.97, 95% CI: 0.75–1.26, I2¼ 23.8%). However, when
restricted to the 3 trials including patients with a small ischemic
core, the meta-analysis showed a significant mortality benefit
with endovascular therapy (Figure 4; RR¼ 0.58, 95% CI: 0.37–
0.89, I2¼ 0.0%). The pooled RR for mortality derived from

Medicine � Volume 94, Number 38, September 2015
patients with a small infarct core was significantly lower than
that derived from patients without CTA-based selection

.
B
a
se

lin
e

C
h

a
ra

ct
e
ri

st
ic

s
o
f

In
c

C
ou

n
C

en
t

1
0

2
0

1
5

W
o

rl
d

w
i

-I
A

9
2

0
1

5
A

U
S

an
d

2
0

1
3

W
o

rl
d

w
i

A
N

5
2

0
1

5
N

et
h

er
la

n
C

U
E

8
2

0
1

3
N

o
rt

h
A

m
R

IM
E

1
1

2
0

1
5

W
o

rl
d

w
i

S
IS

E
x

p
an

si
o

n
7

2
0

1
3

It
al

y
,

1
se

g
m

en
t

o
f

th
e

an
te

ri
o
r

ce
re

b
ra

l
a

er
n

al
ca

ro
ti

d
ar

te
ry

;
IV

tP
A
¼

in
tr

av
e

e
ce

re
b
ra

l
ar

te
ry

;
N

IH
S

S
in

d
ic

at
es

N
en

ti
o
n

g
ro

u
p/

co
n
tr

o
l

g
ro

u
p.
(Z¼ 2.04, P¼0.041).

Sensitivity Analysis and Publication Bias
The results of sensitivity analyses using random-effects

models were highly consistent with the main findings from
fixed-effects models, and are displayed in the Supplementary
Figures S2–S4, http://links.lww.com/MD/A415.

There was no evidence of publication bias on the basis of

either visual inspection of the funnel plots (Figures 5 and 6) or
Egger’s test for the primary outcome (P¼0.788 for non-CTA-
based trials and P¼0.926 for CTA-based trials, respectively) T
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FIGURE 2. Fixed-effects model. Meta-analysis of the effect of endovascular therapy on functional independence at 90 days, stratified by
whether computed tomographic angiography (CTA) was used to select patients.

FIGURE 3. Fixed-effects model. Meta-analysis of the effect of endovascular therapy on 90-day mortality, stratified by whether computed
tomographic angiography (CTA) was used to select patients.

FIGURE 4. Fixed-effects model. Meta-analysis of the effect of endovascular therapy on 90-day mortality in patients with acute ischemic
stroke with a proximal vessel occlusion and a small ischemic core.
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FIGURE 5. Funnel plot for studies evaluating the effect of endo-
vascular therapy on functional independence at 90 days, stratified
by whether computed tomographic angiography (CTA) was used

Zheng and Xie
and secondary outcome (P¼0.794 for non-CTA-based trials
and P¼0.234 for CTA-based trials, respectively).

DISCUSSION
Our main findings were: endovascular therapy signifi-

cantly increased the rate of functional independence in patients
with a CTA-confirmed large-vessel occlusion, and reduced
mortality in patients with occlusion stroke with a small ischemic
core; the functional benefit was significantly greater in patients
with CTA-based selection, and the mortality benefit was sig-
nificantly greater in patients with a CTA-confirmed large-vessel
occlusion and a small ischemic core than in those without

to select patients. Circles indicate the trials without CTA-based
selection; triangles indicate the trials with CTA-based selection.
There was no evidence of publication bias.
CTA-based selection.
Previous RCTs have identified the efficacy of the use of

intravenous tPA administered up to 4.5 hours after the onset of

FIGURE 6. Funnel plot for studies evaluating the effect of endo-
vascular therapy on 90-day mortality, stratified by whether com-
puted tomographic angiography (CTA) was used to select
patients. Circles indicate the trials without CTA-based selection;
triangles indicate the trials with CTA-based selection. There was no
evidence of publication bias.

6 | www.md-journal.com
symptoms of acute ischemic stroke.21,22 However, the limitations
of this therapy, including the narrow therapeutic time window and
over numerous contraindications such as recent surgery, coagu-
lation abnormalities, and a history of intracranial hemorrhage,
also have been well recognized.17 Additionally, intravenous tPA
appears to be much less effective, succeeding only about 15 to 25%
of the time,23 in recanalizing more proximal occlusions of the
major intracranial arteries.24 Therefore, endovascular therapy has
been attracting increasing attention in recent years. Endovascular
treatment consists of arterial catheterization with a microcatheter
to the level of occlusion and delivery of a thrombolytic agent,
mechanical thrombectomy, or both. The first positive trial of
endovascular therapy was the PROACT II study involving patients
with angiographically visualized occlusion of the middle cerebral
artery, which found that treatment with intraarterial recombinant
prourokinase within 6 hours of onset significantly increased the
rate of functional independence at 90 days.14 Unfortunately, the
subsequent trials did not verify this clinical benefit even with the
addition of first-generation thrombectomy devices.6–8 The crucial
knowledge learned from these failed trials is the need for the proof
of a large-vessel occlusion and a small infarct core.25,26 Con-
sequently, the 4 more recently presented trials, all of which were
successful, used CTA to identify an occlusion amenable to
endovascular therapy as an appropriate prerequisite for
inclusion.5,9–11 The data presented in this study support the
importance of imaging-based selection and emphasize the urgent
need to establish a standardized imaging protocol for
patient selection.

There is a strong consensus among neurointerventionists
that ‘‘time is brain.’’ Device technology is advancing quickly,
and computed tomographic perfusion imaging can now be
rapidly performed and indicate the extent of irreversibly injured
brain in the ischemic core and potentially salvageable.9,11 This
study showed a significant mortality benefit with endovascular
therapy in patients with a small infarct core, which indicates that
the future selective imaging workflow for endovascular therapy
should exclude patients with a large area of irreversibly injured
infarct core.

The major advantages of this meta-analysis are the
inclusion of high-quality RCTs, larger sample sizes, robust
results from sensitivity analysis, no significant between-study
heterogeneity, and no evidence of publication bias. However,
our study also has some limitations. First, the pooled RRs were
calculated using trial-level rather than individual-level data.
Individual patient information would have added further
insights into the analysis. Second, only 7 trials were included,
which might undermine the strength of our findings. Third, as
with any meta-analyses, publication bias remains a threat to the
validity of our results. Fourth, most patients included in the
RCTs were Caucasians. Hence, generalizing the effect of
endovascular therapy to other groups can be challenging,
especially the East Asian population, as the prevalence of
intracranial atherosclerosis and the risk of hemorrhagic trans-
formation is higher in this cohort.27 We propose that Asian
investigators conduct multinational collaborative trials to evalu-
ate the effect of endovascular therapy and determine the optimal
treatment protocol for Asian patients with acute ischemic
stroke. Finally, the difference in functional and mortality benefit
of endovascular therapy observed in this study may be attributed
to the use of new devices in recent trials.

In conclusion, our meta-analysis showed the effect of
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vascular imaging on identifying patients with acute ischemic
stroke with a proximal vessel occlusion and a small ischemic
core who would benefit from endovascular therapy.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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