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Endovascular Treatment versus Best Medical Treatment in
Patients with Acute Ischemic Stroke: A Meta-Analysis of
Randomized Controlled Trials

A.P. Thomas

Al Qureshi, ““MF. Ishfag, "“H.A. Rahman, and

ABSTRACT

BACKGROUND AND PURPOSE: Endovascular treatment has emerged as a minimally invasive technique for patients with acute ischemic
stroke to achieve recanalization. Our aim was to determine the effects of endovascular treatment on clinical and safety outcomes
compared with best medical treatment.

MATERIALS AND METHODS: Fifteen randomized trials that compared endovascular treatment with best medical treatment in patients
with acute ischemic stroke met the inclusion criteria. We calculated pooled odds ratios and 95% Cls by using random-effects models. The
primary end point was a favorable outcome defined by a modified Rankin Scale score of 0 (no symptoms), 1(no significant disability), or 2
(slight disability) at 90 days postrandomization.

RESULTS: Of the 2980 subjects randomized, the proportion of subjects who achieved a favorable outcome was significantly greater
among those randomized to endovascular treatment compared with best medical treatment (2949 subjects analyzed; odds ratio, 1.82; 95%
Cl,1.38-2.40; P < .001). Excellent outcome (modified Rankin Scale score of 0 or 1) was also significantly greater among those randomized to
endovascular treatment (2791 subjects analyzed; odds ratio, 1.77; 95% Cl,1.29-2.43, P < .001). Risk of symptomatic intracranial hemorrhage
was similar between endovascular treatment and best medical treatment (2906 subjects analyzed; odds ratio, 119; 95% Cl, 0.84-1.68; P = .34).

CONCLUSIONS: Compared with best medical treatment, the odds of achieving a favorable outcome or excellent outcome at 3 months

postrandomization are approximately 80% higher with endovascular treatment among patients with acute ischemic stroke.

ABBREVIATION: ICH = intracranial hemorrhage

Endovascular treatment was introduced for patients with isch-
emic stroke in whom limited benefit with intravenous recom-
binant tissue plasminogen activator was expected or for those in
whom IV thrombolytics was not indicated. There has been a
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6-fold increase in the use of endovascular treatment among pa-
tients with acute ischemic stroke in the past few years,' and avail-
ability of endovascular treatment has been identified as a manda-
tory component of comprehensive stroke centers in the United
States.”” Several randomized trials have compared the efficacy of
endovascular treatment with best medical treatment, which may
include IV thrombolytic administration. Because of the small
sample sizes or the limited representation of patients most likely
to benefit from endovascular treatment within a study popula-
tion, the results have been conflicting.*” We performed this
meta-analysis to combine the results of all existing trials to pro-
vide a comprehensive assessment of the benefit and risk associ-
ated with endovascular treatment in patients with acute ischemic
stroke.

MATERIALS AND METHODS

Study Design

We performed a meta-analysis of relevant randomized controlled
trials and stratified analyses by important differences in trial char-
acteristics. We followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines. We performed a
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computerized literature search of the Medline and Cochrane
data bases on April 17, 2015, with the following search terms:

» « » «

“endovascular treatment,” “thrombectomy devices,” “acute isch-

» «

emic stroke,” “proximal intracranial occlusion in the anterior

» «

circulation,” “randomized control trial,” “intra-arterial revascu-

larization,” “retrievable stents,” “alteplase,” “endovascular

» «

thrombectomy with the Solitaire FR stent retriever,” “recombi-
nant pro-urokinase,” and “intravenous and intra-arterial recom-
binant tissue plasminogen activator (rtPA).” No other search re-
strictions were applied.

We included trials if they enrolled patients with acute ischemic
stroke (within 24 hours of symptom onset) for endovascular
treatment (intra-arterial thrombolysis and mechanical throm-
bectomy alone or in combination) and randomly assigned pa-
tients to endovascular treatment or medical treatment with or
without IV thrombolysis. Trials in which endovascular treat-
ment was performed after administering IV thrombolysis were
included. Trials that included <10 subjects, those that did not
report clinical outcomes according to grades of modified
Rankin Scale postrandomization, or those that performed any
procedure for prevention of new or recurrent ischemic stroke
were excluded.

Outcomes

The primary efficacy end point was the proportion of randomized
subjects who achieved a modified Rankin Scale score of 0 (no
symptoms), 1 (no significant disability), or 2 (slight disability) at
90 days postrandomization.® Secondary efficacy end points were
the proportion of randomized subjects who achieved a modified
Rankin Scale score of 0 or 1 and survival at 3 months postran-
domization. Posttreatment symptomatic intracranial hemor-
rhage was the safety end point analyzed. Information on these
end points was abstracted by M.F.I. and H.A.R. independently
and entered into a structured dataset and compared. All dis-
agreements were resolved by reaching a consensus, and there
was complete agreement on abstracted results in the final
dataset.

Statistical Analysis

We calculated odds ratios and 95% ClIs by using Comprehensive
Meta-Analysis 2-2:048 (Biostat, Englewood, New Jersey) for each
of the trials. We compared the calculated odds ratios with the
odds ratios or hazard ratios reported in the original article when
available to ensure congruence. If specific end points were not
reported in a trial, that trial was excluded only from the pooled
analyses of the specific end points that were not reported. We
calculated pooled odds ratios by using a random-effects model by
using the method of DerSimonian and Laird.” Heterogeneity was
assessed by using the Cochran Q statistic, and when there was
heterogeneity, we assessed the magnitude of heterogeneity with
the I* measure (the percentage of total variability due to true
between-study heterogeneity). We stratified results by key trial
characteristics, including the type of subjects recruited (exclu-
sively within 4.5 hours of symptom onset and/or confirmation of
arterial occlusion before randomization), the type of endovascu-
lar treatment performed (intra-arterial thrombolysis or a combi-
nation of intra-arterial thrombolysis and mechanical thrombec-

tomy or mechanical thrombectomy alone), the administration of
IV thrombolysis (before endovascular treatment), and the treat-
ment in subjects randomized to medical treatment (received IV
thrombolysis).

In sensitivity analyses, we restricted the analyses to trials with
at least 50 randomized subjects who achieved a modified Rankin
Scale score of 0, 1, or 2 at 3 months postrandomization, and we
analyzed for heterogeneity on the basis of masking within the trial.
We analyzed the results only for trials that assessed the primary
outcome at 90 days postrandomization by using blinded ascer-
tainment. We assessed publication bias by visual inspection of
funnel plots and by calculation of the P value (2-sided) for the
Egger intercept. We did not make corrections for multiple hy-
potheses testing because of the exploratory nature of the analyses.
All tests were 2-sided, with P < .05 deemed as significant. "’

RESULTS

We identified 18 randomized clinical trials evaluating endovascu-
lar treatment in patients with acute ischemic stroke (On-line Fig
1)."172® Three trials***® (87 subjects randomized) were excluded
because they either used the Scandinavian Stroke Scale or the
National Institutes of Health Stroke Scale as outcome measures or
endovascular treatment was used in both treatment groups. The

'1-25 met the inclusion criteria and were in-

remaining 15 trials
cluded in the meta-analysis (see On-line Table 1), resulting in
2980 patients. One trial** ascertained outcome at 6 months post-
randomization, and we accepted the reported outcome as a sur-
rogate for outcome at 90 days postrandomization. The character-
istics of included studies are provided in the On-line Table. Six trials
enrolled patients exclusively within =4.5 hours of symptom onset,
and 12 trials required confirmed arterial occlusion before random-
ization (by conventional angiography in 3 and CT or MR angiog-
raphy in 9). Endovascular treatment consisted of intra-arterial
thrombolysis alone in 5 trials, and a combination of intra-arterial
thrombolysis with mechanical thrombectomy or mechanical
thrombectomy alone was used in 10 trials. Seven trials per-
mitted the administration of IV thrombolysis before endovas-
cular treatment. In 11 trials, subjects randomized to medical
treatment received IV thrombolysis when indicated.

Among 2980 subjects randomized, 1114 (37.4%) achieved a
modified Rankin Scale score of 0, 1, or 2 at 3 months postrandom-
ization. The proportion of randomized subjects with acute isch-
emic stroke who achieved a modified Rankin Scale score of 0, 1, or
2 at 90 days postrandomization was significantly greater among
those randomized to endovascular treatment (689 [43.1%)] of
1597 subjects) compared with best medical treatment (425
[31.4%] of 1352 subjects) (2949 subjects analyzed; odds ratio,
1.82; 95% CI, 1.38-2.40; P < .001) as demonstrated in Fig 1.
However, there was significant heterogeneity among the trials
(Cochran Q statistic, 34.35; 14 df; P = .002; I* = 59.24%). In the
first sensitivity analysis, the proportion of randomized subjects
with acute ischemic stroke who achieved a modified Rankin Scale
score of 0, 1, or 2 at 3 months postrandomization was significantly
greater among those randomized to endovascular treatment
(2906 subjects analyzed; odds ratio, 1.78; 95% CI, 1.34-2.37; P <
.001) after exclusion of trials that had <50 subjects who achieved
a modified Rankin Scale score of 0, 1, or 2 at 3 months postran-
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Study name Statistics for each study

Odds Lower  Upper

ratio limit limit Z-Value p-Value

REVASCAT" (Jovin Tg, 2015) 1.980 1109 3.535 2.309 0.021
SWIFTPRIME (Saver JL, 2015) 2751 1530  4.945 3.381 0.001
ESCAPE™ (Goyal M, 2015) 2733 1709 4370 4198  0.000
MR-CLEAN (Berkhemer OA, 2015) 2.050 1361 3.089 3432 0.001
EXTEND IA'S (Campbell BC, 2015) 3.750 1.383  10.169 2597 0.009
MR RESCUE1® (Kidwell CS, 2013) 0.629 0.229 1.726 -0.901 0.368
SYNTHESIS EXPANSION'? (Ciccone A, 2013)  0.836 0.552  1.266 -0.846 0.397
IMS 1118 (Broderick JP, 2013) 1.107 0791 1.548 0.593 0.553
Roubec et al 2013'¢ (Roubec M, 2013) 2.133 1.023  4.447 2.022 0.043
SYNTHESIS PILOTTRIAL® (Ciccone A, 2010)  2.828 0928 8622 1.828 0.068
MELT?' (Ogawa A, 2007) 1.536 0730 3233 1.130 0.258
Macleod et al 200522 (Macleod MR, 2005) 7.000 0.568  86.321 1518 0.129
Ducrocq et al 20052 (Ducrocq X, 2005) 2.143 0.436  10.526 0.938 0.348
PROACT-II?* (Furlan A, 1999) 1.929 0967  3.845 1.866 0.062
PROACT-I? (del Zoppo GJ, 1998) 3.143 0707  13.964 1.505 0.132
1.816 1376 2.396 4220 0.000

Endovascular
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FIG 1. Odds of favorable outcome (modified Rankin Scale scores, 0, 1, or 2) at 90 days postrandomization.

Variables Groups Statistics for each study Odds ratio and 95% confidence interval
Endovscular ~ Medical Odds Upper Lower  Z- P-
treatment treatment ratio  limit limit  value  value
Survival at 90 days post- 1330/1616  1108/1364 1.112 0917 1348 1.077 0.282
randomisation
Modified Rankin Scale 0-1 at 426/1530  243/1261 1.767 1285 2429 3.503 0.000 ‘
90 days post-randomisation
Symptomatic ICH at 90 days 93/1576 62/1330 1.187 0.838 1.683 0.965 0335
post -randomization

0.01 0.1 1 10
Favor medical Favor endovascular

treatment treatment

FIG 2. Odds of excellent outcome (modified Rankin Scale scores, 0 or 1), survival at 90 days postrandomization, and posttreatment intracranial

hemorrhage.

domization. In the second sensitivity analysis, the results were
unchanged after exclusion of trials that did not use blinded out-
come ascertainment or did not assess outcome at 90 days postran-
domization (2818 subjects analyzed; odds ratio, 1.80; 95% CI,
1.34-2.42; P <.001).

The proportion of randomized subjects with acute ischemic
stroke who achieved a modified Rankin Scale score of 0 or 1 at 90
days postrandomization was significantly greater among those
randomized to endovascular treatment (426 [27.8%] of 1530 sub-
jects) compared with best medical treatment (243 [19.3%] of
1261 subjects) (2791 subjects analyzed; odds ratio, 1.77; 95% CI,
1.29-2.43; P < .001; Fig 2 and On-line Fig 2). There was signifi-
cant heterogeneity among the trials (Cochran Q statistic, 27.79; 12
df, P = .006; I? = 56.83%). There was no difference in survival at
90 days postrandomization between subjects randomized to en-
dovascular treatment compared with those randomized to best
medical treatment (2980 subjects analyzed; odds ratio, 1.11; 95%
CI, 0.92-1.35; P = .28; Fig 2). The specific definition of symptom-
atic intracranial hemorrhage varied among trials (On-line Table
2), but 155 patients had a symptomatic intracranial hemorrhage.
In pooled analyses, there was no difference in the risk of symp-
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tomatic intracranial hemorrhage between subjects randomized
to endovascular treatment and those randomized to medical
treatment (2906 subjects analyzed; odds ratio, 1.19; 95% CI,
0.84-1.68; P = .34). There was no heterogeneity among the trials
concerning survival (Cochran Q statistic, 10.98;14 df; P = .687;
I? = 0%) or symptomatic intracerebral hemorrhage (Cochran Q
statistic, 8.52; 12 df; P = .744; I> = 0%).

The odds ratios in various strata based on trial design, defined
by type of subjects recruited, endovascular treatment performed,
and treatment in subjects randomized to medical treatment, are
provided in Fig 3. The odds of favorable outcomes were somewhat
higher in trials that enrolled subjects within 24 hours of symptom
onset (1627 subjects analyzed; OR, 2.02; 95% CI, 1.62-2.51; P <
.001) compared with those that exclusively recruited within 4.5
hours of symptom onset (1322 subjects analyzed; OR, 1.81; 95%
CI, 1.05-3.11; P = .03), with nonsignificant test for heterogeneity
(Cochran Q statistic, 7.635; 8 df; P = .470; I> = 0.000%). Notably,
the patient populations are not independent because trials that
included subjects within 24 hours also included those enrolled
within 4.5 hours. The odds of favorable outcome were somewhat
higher in 12 trials that required angiographic confirmation of



Strata Groups mRS 0-2
Endovascular Medical
treatment  treatment

Enrolled patients exclusively within 4.5 355/762 227/560

hours or less of symptom onset

(Il:6 12,1 5.17,18,20.22)

Enrolled patients within 24 hours of 334/835 198/792

symptom onset

(1'1:9 11,13,14,16,19,21,23725)

Required confirmation of arterial occlusion 593/1378 328/1128

prior to randomization

(11:12 11716,18,19,21,22,24,25)

Did not require confirmation of arterial 96/219 97/224

occlusion prior to randomization

(Il=3 17,20,23)

Only permitting intra-arterial thrombolysis  98/225 45/152

(n=5 21—25)

Permitting mechanical thrombectomy 591/1372 380/1200

and/or intra-arterial thrombolysis

(n=10 112

Permitting intravenous thrombolysis prior  493/1102 277/936

to endovascular treatment

(l'l:7 11715,18,19)

Not permitting intravenous thrombolysis 196/495 148/416

prior to endovascular treatment

(n=8 15,17,20—25)

Medical treatment consisted of intravenous  597/1385 384/1214

thrombolysis in appropriate candidates

(Il:11 11—20,23)

Medical treatment did not consist of 92/212 41/138

intravenous thrombolysis
(l’l=4 21,22,24,25)

Statistics for each strata Odds ratio and 95% Ci
Odds Lower Upper P-

ratio limit limit  value

181 1.05 3.11 003 I
202 1.62 251 0.000 I
1.93 147 253 0.000 I
145 060 354 041 I
195 124 3.06 0.004 1
1.77 126 249 0.001 I
207 150 2388 0.000 I
148 094 234 0.09 I
1.78 128 247 0.001 I
193 1.21 3.10 0.006 *
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medical treatment endovascular
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FIG 3. Odds of favorable outcome (modified Rankin Scale scores, 0, 1, or 2) at 90 days postrandomization in various strata based on trial design.

arterial occlusion before randomization (2506 subjects analyzed;
OR, 1.93;95% CI, 1.47—2.53; P < .001) but not in the 3 trials that
did not require confirmation of arterial occlusion (443 subjects
analyzed; OR, 1.45; 95% CI, 0.60—3.54; P = .41). The odds of favor-
able outcome were higher in trials that permitted a combination of
pharmacologic thrombolysis with mechanical thrombectomy or
mechanical thrombectomy alone (2572 subjects analyzed; OR,
1.77;95% CI, 1.26-2.49; P = .001) and those that permitted intra-
arterial thrombolytic treatment alone (377 subjects analyzed; OR,
1.95; 95% CI, 1.24-3.06; P = .004). The odds of favorable out-
come appeared higher with endovascular treatment in trials that
permitted IV thrombolytic treatment before or with endovascular
treatment than in trials that did not permit IV thrombolysis be-
fore endovascular treatment.

There was a trend toward higher odds of symptomatic intra-
cranial hemorrhage in trials that enrolled subjects within 24 hours
of symptom onset (1600 subjects analyzed; OR, 1.48; 95% CI,
0.91-2.40; P = .11; On-line Table 3) but not in those trials that
exclusively recruited within 4.5 hours of symptom onset. The
odds of symptomatic intracranial hemorrhage were higher in tri-

als that permitted only intra-arterial thrombolytic treatment (377
subjects analyzed; OR, 4.19; 95% CI, 1.42-12.31; P = .009) but
not in trials that permitted a combination of pharmacologic
thrombolysis and mechanical thrombectomy or mechanical
thrombectomy alone. There was no difference in 90-day surviv-
al with endovascular treatment in any of the strata based on trial
design (On-line Table 3).

There was no evidence of publication bias having a signifi-
cant effect on the results (Egger regression intercept P value
[2-tailed] = 0.13; On-line Fig 3).

DISCUSSION

We demonstrate the therapeutic benefit of endovascular treat-
ment in 2980 subjects with acute ischemic stroke randomized in
15 controlled trials. The analysis included data from more recent
trials in contrast to previous meta-analyses and systematic re-
views.””*? Such a design allowed incorporation of technologic
advancements and larger sample sizes within the analysis. The
magnitude of benefit associated with endovascular treatment ap-
peared higher in more recent trials (Fig 1), presumably due to the
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use of new thrombectomy devices such as stent retrievers and
appropriate patient selection. The odds of a favorable outcome
were higher in trials that required angiographic confirmation of
arterial occlusion before randomization. In a subset analysis of
the Interventional Management of Stroke I1I trial,”' when only
those subjects with arterial occlusion before randomization
were analyzed, the magnitude of benefit with endovascular
treatment was higher among such subjects (7% absolute in-
crease in favorable outcome, P = .011 by ordinal shift analy-
sis). The odds of a favorable outcome were higher with endo-
vascular treatment, even in trials that enrolled subjects after 4.5
hours of symptom onset and those trials that enrolled subjects
after receiving IV thrombolytics.

Some issues should be considered before interpretation of the
results of the meta-analysis. We observed significant heterogene-
ity among results as observed in previous systematic review or
meta-analysis of other clinical trials because of either clinical or
methodologic diversity.”> Because of significant heterogeneity
among studies, we used a random-effects model to take into ac-
count both within- and between-study variability.”>** The model
assumes that the effect is not the same in all studies and provides
a much wider confidence interval (compared with a fixed-effects

model).*?

We also attempted to provide explanatory data by per-
forming stratified analyses by key trial characteristics and sensi-
tivity analyses. We acknowledge that another option would be to
just perform a narrative review, but we chose to perform a meta-
analysis because these studies represented treatments in which
the value of the average effect will be of interest.”>’® We used
trial-level data because patient-level data were not available.
Patient-level data are unlikely to change the overall findings but
may provide insight into confounding effects of patient and pro-
cedure-related variables.

The possibility of publication bias cannot be completely ex-
cluded due to the borderline value for nonsignificance (Egger test,
P = .13). Thereis a small chance that the estimate of the beneficial
effect of endovascular treatment in patients with acute ischemic
stroke may be exaggerated due to selective publication of trials
with positive findings.”” We presented data for outcomes at 90
days because data were available at that time point in most trials
and the time point has been used consistently in most trials of
acute ischemic stroke.® The analysis does not provide any data on
the effect of endovascular treatment on quality of life, cognitive
deficits, and 1-year death and disability. There are also trials that
are either ongoing or whose results have not yet been published
after peer review, such as Assess the Penumbra System in the
Treatment of Acute Stroke (THERAPY), Pragmatic Ischaemic
Stroke Thrombectomy Evaluation (PISTE), and Trial and Cost
Effectiveness Evaluation of Intra-arterial Thrombectomy in
Acute Ischemic Stroke (THRACE), which were not included to
avoid flaws such as failure to assess the methodologic quality of
the included primary studies in this meta-analysis.*®

CONCLUSIONS

Our results support the recent focused update in the American
Heart Association/American Stroke Association guidelines®
strongly recommending that patients with acute ischemic stroke
receive endovascular therapy with a stent retriever if they meet
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specified criteria (Class I; Level of Evidence A) .Our results also
support administering IV thrombolysis in appropriate candidates
and confirmation of major arterial occlusion before selection for
endovascular treatment. The implementations of the results of
the meta-analysis into clinical practice may vary in different set-
tings on the basis of the availability of triage patterns, advanced
imaging, and endovascular treatment.

Disclosures: Abraham P. Thomas—UNRELATED: Payment for Lectures (including
service on Speakers Bureaus): Genentech; Other: TTI Home Health Care,* Accel at
Herman Park,* Comments: Medical Directorship. *Money paid to the institution.
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