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Background and Purpose Recent randomized clinical trials (RCTs) have demonstrated ben-
efits of endovascular recanalization therapy (ERT) contrary to earlier trials. We aimed to es-
timate the benefits of ERT added to standard therapy in acute ischemic stroke.

Methods From a literature search of RCTs testing ERT, we performed a meta-analysis to es-
timate an overall efficacy and safety of ERT for all trials, stent-retriever trials, and RCTs
comparing ERT and intravenous tissue plasminogen activator (IV-TPA).

Results We identified 15 relevant RCTs including 2,899 patients. For all trials, ERT was asso-
ciated with increased good outcomes (odds ratio [OR] 1.79; 95% confidence interval [CI]
1.34, 2.40; P<0.001) compared to the control. ERT also increased no or minimal disability
outcomes, good neurological recovery, good activity of daily living, and recanalization. ERT
did not significantly increase symptomatic intracranial hemorrhage (SICH) (OR 1.19; 95% Cl
0.83, 1.69; P=0.345) or death (OR 0.87; 95% Cl 0.71, 1.05; P=0.151). In contrast, ERT signifi-
cantly reduced extreme disability or death (OR 0.77; 95% Cl 0.61, 0.97; P=0.025). Restricting
to five stent-retriever trials comparing ERT plus IV-TPA vs. IV-TPA alone, the benefit was
even greater for good outcome (OR 2.39; 95% Cl 1.88, 3.04; P<0.001) and extreme disability
or death (OR 0.57; 95% Cl 0.41, 0.78; P=0.001). Restricting to eight RCTs comparing ERT
(plus IV-TPA in six trials) with IV-TPA alone showed similar efficacy and safety.

Conclusions This updated meta-analysis shows that ERT substantially improves clinical out-
comes and reduces extreme disability or death without significantly increasing SICH com-
pared to standard therapy.

Keywords Acute ischemic stroke; Intra-arterial; Thrombolysis; Thrombectomy; Meta-analysis
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stroke (AIS)."” However, acute large artery occlusions are usual-

ly resistant to IV-TPA.** Endovascular recanalization therapy

Intravenous tissue plasminogen activator (IV-TPA) adminis-
tered within 4.5 hours after stroke onset is the only proven thera-
py for improving outcomes in patients with acute ischemic

(ERT) has an advantage of a higher recanalization rate, but dis-
advantages of longer time required for treatment initiation, the

need for advanced and resource-intensive stroke care system,
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and potential increase in symptomatic intracranial hemorrhage
(SICH).

In an earlier meta-analysis of randomized controlled trials
(RCTs), ERT substantially increased recanalization rates and
improved clinical outcomes in AIS compared to no thrombo-
Iytic therapy. Despite an increased risk of SICH, ERT did not
increase mortality.’ However, two RCTs failed to demonstrate
any benefit of ERT (used alone or in addition to IV-TPA) com-
pared to IV-TPA alone.* However, recent RCT5 using stent-re-
triever thrombectomy have consecutively demonstrated the
benefits of ERT plus IV-TPA over IV-TPA alone.”"'

We conducted a meta-analysis of all published RCTs to gen-
erate an overall estimate of the benefits of ERT when added to
standard therapy.

Methods

We systematically searched PubMed and EMBASE databases
(January 1998 to May 2015) with the search terms “ischemic
stroke” AND “intra-arterial” AND “thrombolysis or thrombec-
tomy.” We restricted our search to human and clinical trials and
included no language restrictions. In addition, we performed
manual searches of the bibliographies of all trials. Abstracts and
articles were reviewed and identified by two investigators (Ko
SB and Hong KS). Inclusion criteria were 1) RCT, 2) active arm
receiving ERT, 3) control arm receiving standard therapy includ-
ing IV-TPA but not ERT, and 4) modified Rankin Scale (mRS)
score reported at 90 days or at the end of the trial. We assessed
study quality using the Cochrane risk-of-bias algorithm (www.
cochrane.org/training/ cochrane-handbook).”

All data from selected RCTs were independently abstracted by
two investigators (Ko SB and Hong KS). The quality of each
study was also reviewed by another two investigators (Yu KH
and Rha JH). Discrepancies were resolved by consensus and by
referencing the original reports. In most outcomes, analyses were
based on the intention-to-treat population (SICH rate on per-
protocol population in one trial)."* The Cochrane Collabora-
tion's Review Manager Software Package (RevMan S) was used
for this meta-analysis. Using a random-effect model, we generat-
ed a pooled estimate as an odds ratio (OR) with a 95% confi-
dence interval (CI). All statistical tests were 2-sided, and a P val-
ue of <0.05 was considered statistically significant.

Primary efficacy outcome was good outcome defined by an
mRS score of 0-2. Secondary efficacy outcomes were mRS 0-1,
mRS 0-3, good neurological outcome (variable criteria on the
National Institutes of Health Stroke Scale [NIHSS] score across
trials), good activity of daily living (Barthel Index 85, 90, or 95 to
100); partial or complete recanalization modified arterial occlu-
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sive lesion (mAQOL) recanalization score, Thrombolysis in Myo-
cardial Infarction (TIMI) grade, Thrombolysis in Cerebral In-
farction (TICI) 2-3, and complete recanalization (mAOL,
TIM], or TICI 3). Safety outcomes were SICH, any ICH includ-
ing asymptomatic ICH and SICH, bed-ridden status or death
(mRS 5-6), and mortality. We compared outcomes between the
ERT and control groups for all RCTS, stent-retriever trials (stent-
retriever thrombectomy >75% of ERT), and RCTs of control
arms with IV-TPA therapy (IV-TPA rate >75%). Using data
from five stent-retriever trials, shift analysis (shift in disability
levels on mRS) was conducted to analyze the effect of ERT on
the distribution of mRS outcomes. Heterogeneity was assessed
by P values of y statistics and by I” statistics. Heterogeneity was
considered significant if the P values of i statistics were <0.10.
We regarded an I of < 40% as minimal heterogeneity, 40%-75%
as modest heterogeneity, and >75% as substantial heterogene-
ity.'” Publication bias was assessed graphically with a funnel plot,
and statistically with the Begg’s test.

Results

Study selection and characteristics

From our review of abstracts and full articles identified through
the literature search, our final analysis included 15 RCTs includ-
ing 2,899 patients: 1,575 patients were randomized to ERT arms
and 1,324 to control arms (Figure 1).**'""**° The characteristics
of the included trials are presented in Table 1. In brief, mean age
ranged between 58.7 and 71.5 years, median NIHSS score be-
tween 13 and 26, and time window between 3.0 and 24 hours (6
hours in eight RCT). Before randomization, large artery occlu-
sion was confirmed in all patients in 10 RCTs, 43.0% in one
RCT,* and none in four RCTs.%>'%" Of the 15 RCTs, 11 exclu-
sively enrolled patients with anterior circulation stroke, and only
one RCT exclusively enrolled patients with posterior circulation
stroke. In three RCTs, most patients had anterior circulation
strokes, and 3.0%-19.3% of patients had posterior circulation
strokes (Table 1). The assessment of the risk of bias in each trial
is presented in Figure 2. In general, most RCTs were at a low risk
of bias for each item except for blinding of treatment assignment.

In nine trials, the control arms received IV-TPA (IV-TPA rates
between 29.6% and 100%*'°), whereas, in six trials,"*"® no pa-
tient received IV-TPA (intravenous urokinase in one trial).’* In
eight RCTs,**""" the IV-TPA rate in the control arm was greater
than 75%. For the ERT arms, the actual rates of providing ERT
ranged between 76.0% and 100%, and five RCTs mainly used
stent-retriever (ranged from 77.1% to 95.1%).”"" The disability
outcome measured by mRS score was assessed at 90 days in 13
RCTs, 30 days in one,'"* and 180 days in one."”
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Overall searching and abstract review: n=6,666
Pubmed: n=382, EMBASE: n=6,284

6,650 excluded by reviewing process
(review, other disease, subgroup analysis, case series)

\ 4

16 full articles were retrieved for assessment

\ 4

1 was excluded: no mRS data

A

(ERT group=1,575, control group=1,324)

Atotal of 2,899 patients in 15 studies were included in the meta-analysis

Selection of studies for inclusion in the meta-analysis.

Primary efficacy outcome: mRS 0-2

Pooling of the results of 13 RCTs comparing ERT versus the
control (1,517 in ERT arms vs. 1,261 in control arms) from the
random-effect model showed that ERT was associated with in-
creased mRS 0-2 outcome (43.3% vs. 31.9%; OR [95% CI],
1.79 [1.34, 2.40]; P<0.001; number needed-to-treat [NNT] =
9). When restricted to five stent-retriever RCTs (633 in ERT
arms vs. 645 in control arms), ERT was associated with in-
creased mRS 0-2 outcome (46.1% vs. 26.4%; 2.39 [1.88, 3.04];
P<0.001; NNT =S5). When analyzing eight RCTs with IV-TPA
control arms (IV-TPA rate >75%) (1,254 in ERT arms vs. 1,069
in control arms), the ERT group was more likely to achieve mRS
0-2 outcome (44.6% vs. 32.6%; 1.88 [1.29, 2.73]; P=0.001;
NNT =8) (Tables 2-4 and Figure 3).

Secondary efficacy outcomes

Pooled estimates for secondary efficacy outcomes are present-
ed in Tables 2-4 and Figures 4 and S (supplementary Figures
1-4). ERT was associated with higher frequencies of mRS 0-1,
mRS 0-3, good neurological outcome, good activity of daily liv-
ing, partial or complete recanalization (mAOL, TIMI, or TICI
2-3), and complete recanalization in all RCTS, stent-retriever tri-
als, and RCTS of control arms with IV-TPA compared to control.
In five stent-retriever trials, ERT was significantly associated with
a favorable shift in mRS score distribution (indicating the odds
of improving one or more score on the mRS) (2.02 [1.64,2.48];
P<0.001) (Table 3).

Safety outcomes
Pooled estimates for safety outcomes are presented in Tables
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2-4 and Figures 6-8. When pooling all 15 RCTs (1,562 in ERT
arms vs. 1,318 in control arms), SICH was more frequent with
ERT compared to the control, but the difference was not statisti-
cally significant (5.8% vs. 4.6%; 1.19 [0.83, 1.69]; P=0.345;
number needed-to-harm = 88). The SICH rate was almost iden-
tical between the ERT and control groups in five stent-retriever
trials (4.1% vs. 4.3%; 1.08 [0.61, 1.88]; P=0.798) and eight
RCTs with control arms with IV-TPA (5.1% vs. 5.1%; 1.03 [0.70,
1.50]; P=0.893). Any ICH was significantly increased with ERT
in all trials and RCTs with control arms with IV-TPA, but was not
significantly increased with stent-retriever thrombectomy (Sup-
plementary Figure S).

Mortality rate was non-significantly lower in the ERT group
than in the control group in all 15 RCTs (17.6% vs. 19.4%; 0.87
[0.71, 1.05]; P=0.151; NNT =55), five stent-retriever trials
(15.3% vs. 18.8%; 0.78 [0.54, 1.12]; P=0.1770; NNT =29), and
eight RCTs with >75% IV-TPA rates in their control arms (16.9%
vs. 18.0%; 0.90 [0.69, 1.17]; P=0.4317; NNT =93). However,
ERT compared to control significantly reduced the extreme dis-
ability or death outcome (mRS 5-6) in all RCTs (12 RCTs: 24.3%
vs. 29.2%; 0.77 [0.61,0.97]; P=0.025; NNT = 21), five stent-re-
triever trials (21.6% vs. 32.2%; 0.57 [0.41, 0.78]; P=0.001;
NNT =9), and eight RCTs with control arms with IV-TPA
(22.5% vs. 28.7%; 0.70 [0.52,093]; P=0.013; NNT = 16).

Publication bias

No publication bias was found for all outcomes except for
SICH in stent-retriever RCTs (Table 2). However, for the SICH
outcome, it was likely caused by the extremely low rate of SICH

with a wide confidence interval in two trials.”'°
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Characteristics of Included Trials

Trial PROACT" PROACT II" Keris et al.”® Ducrocg et al.”® Macleod et al.” MELT™®  SYNTHESIS pilot"
Publication year 1998 1999 2001 2005 2005 2007 2010
Countries USA, Canada  USA, Canada Latvia France Australia Japan Italy
Participants (n) 40 180 45 27 16 14 54
Age (year) 67.6 64.0 61.8 58.7 63.9 67.1 62.4
Female (%) 52.5 M1 400 259 375 35.1 222
Baseline NIHSS (ERT/control) 1719 1717 25/26 NA 23/18 14/14 17/16
Time window (hour) 6.0 6.0 6.0 6.0 240 6.0 30
Anterior circulation stroke (%) 100.0 100.0 100.0 100.0 0 100.0 80.7
LAO confirmation before randomization ~ Yes (100.0) Yes(100.00  No(LAOinallERT  No(LAQinall ERT Yes (100.0) Yes (100.0) No (NA)
(confirmation, %) patients) patients)
ICA occlusion (%) 25 NA 250(ERTarmonly) 7.4 (ERTarmonly)  BA or VA occlusion 0 NA
M1 occlusion (%) 525 61.7 417 (ERTarmonly)  40.7 (ERTarmonly)  BA or VA occlusion 71.0 NA
Infarct core or penumbral selection None None None CT hypointensity None None None
<1/3 MCA territory
Onset to randomization/groin puncture/  NA/276/330  290/NA/318 NA/NA/229 NA/NA/324 NA/NA/710 197/NA/227  125/NA/195
first reperfusion (minute)
ERT arm IA pro-UK IA pro-UK TPA (IA+IV) IAUK IAUK IAUK IA only
Control arm placebo placebo none IV UK none none [V-TPA
[V-TPA (active/control) (%) 0/0 0/0 100/0 0/0 0/0 0/0 0/96.6
ERT performed in ERT arm (%) 100.0 89.3 100.0 100.0 100.0 98.2 76.0
Stent-Retriever in active arm (%) 0.0 0.0 00 0.0 0.0 0.0 40
mTICI 2b-3 in active arm (%) NA NA NA 31 NA 53.0 NA
Outcome assessment (day) 90 90 30 90 180 90 90
Trial SIS MR RESCUE?® IMS I11* MR CLEAN’ ESCAPE® EXTEND-IA”  SWIFT PRIME® ~ REVASCAT"
EXPANSION®
Publication year 2013 2013 2013 2014 2015 2015 2015 2015
Countries Italy North America  International Netherlands  International Australiaand  USA and Europe Spain
New Zealand
Participants (n) 362 118 656 500 315 70 196 206
Age (year) 66.5 65.5 68.7 65.7 75 69.4 65.6 66.5
Female (%) 423 517 482 416 524 51.0 490 471
Baseline NIHSS (active/control) 13/13 174177 17/16 1718 16/17 1713 1717 1717
Time window (hour) 45 80 50 6.0 120 6.0 6.0 80
Anterior circulation stroke (%) 920 100.0 970 100.0 100.0 100.0 100.0 100.0
LAO confirmation before No (NA) Yes (100.0) No (43.0) Yes (100.0) Yes (100.0) Yes (100.0) Yes (100.0) Yes (100.0)
randomization (confirmation, %)
ICA occlusion (%) NA 169 22.1 (ERT arm only) 276 26.7 314 16.3 26.2
M1 occlusion (%) NA 66.1 41.1 (ERT arm only) 63.8 68.6 54.3 68.4 63.6
Infarct core or penumbral None Infarctcore  CT hypointensity None  ASPECTS =6and  Infarct core CT/MRI CT ASPECTS >7
selection <90mLonCT <1/3 MCA territory moderate-to-good <70 mLand Mis- ASPECTS >6*  or DWIAS-
or MRI or ASPECTS >4 collaterals ~ match on CT/MRI PECTS =6

Onset to randomization/groin 146/NA/225  330/381/NA 146/208/244  200/260/NA  170/185/241 169/210/NA 185/224/252  225/269/355
puncture/first reperfusion (minute)

ERT arm IA only IA with |A with [V-TPA [Awith  |Awithstandard 1A with IV-TPA A with [V-TPA IA with
standard care standard care care standard care

Control arm [V-TPA  Standard care [V-TPA Standard care  Standard care [V-TPA [V-TPA Standard care

[V-TPA (active/control) (%) 0/98.3 43.8/296 100/100 87.1/90.6 72.7/18.7 100/100 100/100 68.0/77.0

ERT performed in ERT arm (%) 912 953 770 837 915 85.7 888 95.1

Stent-Retriever thrombectomy 12.7 0.0 09 815 788 771 888 95.1

in active arm (%)
mTICI 2b-3 in active arm (%) NA 250 410 587 724 86.2 88.0 65.7
Outcome assessment (day) 90 90 90 90 90 90 90 90

*Imaging entry criteria were changed from original criteria (Infarct core <50 mL, severe hypoperfusion <100 mL, ischemic penumbra <15 mL and mismatch ratio <1.8).

ERT, endovascular recanalization therapy; NA, not assessed; LAQ, large artery occlusion; ICA, internal carotid artery; BA, basilar artery; VA, vertebral artery; UK, urokinase; IV,
intravenous; mTICI, modified Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale; OR, odds ratio; Cl, confidence interval; SICH, symptomatic intracranial hemor-
rhage; IA, intra-arterial; TPA, tissue type plasminogen activator; MCA, middle cerebral artery; ASPECTS, Alberta Stroke Program Early CT Score; NA, not available.
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Risk of bias graph for all in cluded trials

Random sequence generation (selection bias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment {detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other hias
0%  25% 50% 75%  100%
B Low risk of bias [Junciear risk of bias Bl High risk of bias o
Risk of bias summary for each trial
w
=€
2
-
-
w
3 ®
3 g 2 5 3 = g m g
F 23102 3323 g 2 3 m 3
% % o » © 5 M & 8 &5 ®w o
W = v X = g = = a o = =z g =2
2 5 £ 9 %8 9 2 me 2 5 9 F oo
g 2 & 5 2 26§ 2 5 2 8 =35 m o
~ OO SO S -~ P O S S @ ®| -~ |®| > |Random sequence generation (selection bias)
OSSOSO S S S S O ® ®| ®| -~ |Anocatonconcealment (selection bias)
QO 00 00 @O0 O O O O ® ® O ) :cidngofparticipants and personnel (performance bias)
®N OSSP P S S S~ ® ® | ®| @|sindngofoutcome assessment (detection bias)
OO OO SO S ® ® ® ® ® ®|®|ncomplete outcome data (attrition bias)
D OO OO OSSO ® S ® S ® ®| ®|selecverepoting (reporting bias)
® OO 00O OO OO O S e e @ omeros (6)
Figure 2. Bias risk assessment for each trial.
Table 2. Effect of IA thrombolysis on end points from all 15 trials
End points No.oftials  Active,yN(%)  Conol/N(%)  PooledOR(%C)  Pvalue 1o 0 Publcationbias ynm ooy
(Begg's test)
mRS 0-2 13 657/1,517 (43.3) 402/1,261(31.9) 1.79(1.34,2.40) <0.001 0.8072 9
mRS 0-1 13 435/1,530 (28.4) 245/1,261(19.4) 1.81(1.34, 2.44) <0.001 0.7143 1
mRS 0-3 13 907/1,516 (59.8) 617/1,280 (48.2) 1.66(1.25,2.22) 0.001 0.6255 9
Good NIHSS outcome 5 156/392 (39.7) 68/299 (22.7) 3.11(2.14,453) <0.001 0.6242 6
Good Bl outcome 7 334/677 (49.3) 190/622 (30.5) 2.24(1.78,2.82) <0.001 0.8806 5
mAOL, TIMI, or TICI 2-3 6 429/568 (75.6) 227/489 (46.4) 450(1.97,10.27) <0.001 05730 3
mAOL, TIMI, or TICI 3 3 167/321(51.9) 71/271(26.2) 6.21(4.05, 9.50) <0.001 06015 4
Any ICH 10 341/1,053 (32.4) 150/770(19.5) 1.93(1.37,2.72) <0.001 0.9287 8
Symptomatic ICH 15 90/1,562 (5.8) 61/1,318(4.6) 1.19(0.83, 1.69) 0.345 0.8695 88
mRS 5-6 12 366/1,504 (24.3) 365/1,251(29.2) 0.77(061,0.97) 0.025 0.7839 21
Mortality 15 273/1,555(17.6) 254/1,312(19.4) 0.87(0.71,1.05) 0.151 0.6560 55

n/N: number of patients achieving each end point/number of patients included. OR, odds ratio; NNT, number needed to treat; NNH, number needed to harm; mRS, modified
Rankin Scale; NIHSS, National Institute of Health Stroke Scale; mAQL, modified arterial occlusive lesion; TIMI, Thrombolysis in Myocardial Infarction; TICI, Thrombolysis in Ce-
rebral Infarction; ICH, intracerebral hemorrhage.
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Effect of 1A thrombolysis on end points in 5 stent-retriever trials

JoS

Test for publication bias

End points No. of trials Active, n/N (%) Control, n/N (%) Pooled OR (95% Cl) Pvalue (Beggs test) NNT or NNH
mRS 0-2 5 292/633 (46.1) 170/645 (26.4) 2.39(1.88,3.04) <0.001 0.1416 5
mRS 0-1 5 170/633(26.9) 83/645(12.9) 2.49(1.85, 3.36) <0.001 0.6242 7
mRS 0-3 5 399/633 (63.0) 276/645 (42.8) 2.33(1.72,3.15) <0.001 0.1416 5
Favorable shift on mRS score 5 - - 2.02(1.64,2.48) <0.001 0.6242 -
Good NIHSS outcome 2 109/188 (58.0) 52/169(30.8) 362(2.26,5.78) <0.001 Not measurable 4
Good Bl outcome 3 240/460 (52.2) 145/478(30.3) 2.53(1.83,352) <0.001 0.1172 5
mAOL, TIMI, or TICI 2-3 3 303/378(80.2) 177/380 (46.6) 5.68(3.09, 10.45) <0.001 0.172 3
mAOL, TIMI, or TICI 3 1 141/187 (75.4) 70/207 (33.8) 6.00(3.86,9.32) <0.001 Not measurable 2
Any ICH 4 98/401 (24.4) 57/385(14.8) 1.48(0.76,2.91) 0.252 0.1742 10
Symptomatic ICH 5 26/634 (4.1) 28/652 (4.3) 1.08(0.61, 1.88) 0.798 0.0500 517
mRS 5-6 5 137/633(21.6) 209/649(32.2) 0.57(0.41,0.78) 0.001 0.1416 9
Mortality 5 97/633(15.3) 122/649 (18.8) 0.78(0.54,1.12) 0.177 0.6242 29

n/N: number of patients achieving each end point/number of patients included. OR, odds ratio; NNT, number needed to treat; NNH, number needed to harm; mRS, modified
Rankin Scale; NIHSS, National Institute of Health Stroke Scale; Bl, Barthel index; mAOL, modified arterial occlusive lesion; TIMI, Thrombolysis in Myocardial Infarction; TICI,

Thrombolysis in Cerebral Infarction; ICH, intracerebral hemarrhage.

Effect of IA thrombolysis versus IVTPA on end points in 8 trials of IV-TPA rate >75% in the control arms

Test for publication bias

End points No. of trials Active, n/N (%) Control, n/N (%) Pooled OR (95% Cl) Pvalue (Beggs test) NNT or NNH
mRS 0-2 8 559/1,254 (44.6) 349/1,069 (32.6) 1.88(1.29,2.73) 0.001 0.4579 8
mRS 0-1 8 359/1,254 (28.6) 212/1,069(19.8) 1.82(1.24,2.69) 0.002 0.4579 1
mRS 0-3 8 776/1,254 (61.9) 524/1,069 (49.0) 1.83(1.31,2.56) 0.001 0.2160 8
Good NIHSS outcome 2 109/188 (58.0) 52/169(30.8) 362(2.26,5.78) <0.001 Not measurable 4
Good Bl outcome 3 240/460 (52.2) 145/478 (30.3) 2.53(1.83,352) <0.001 01172 5
mAOL, TIMI, or TICI 2-3 3 303/378(80.2) 177/380 (46.6) 5.68(3.09, 10.45) <0.001 0.1172 3
mAOL, TIMI, or TICI 3 1 141/187 (75.4) 70/207 (33.8) 6.00(3.86,9.32) <0.001 Not measurable 2
Any ICH 5 244/835(29.2) 112/607 (18.5) 1.57(1.02,2.43) 0.042 0.3272 9
Symptomatic ICH 8 65/1,274(5.1) 55/1,084 (5.1) 1.03(0.70, 1.50) 0.893 0.0478 3,541
mRS 5-6 8 282/1,254 (22.5) 308/1,073(28.7) 0.70(0.52,0.93) 0013 0.4579 16
Mortality 8 212/1,254(16.9) 193/1,073(18.0) 0.90(0.69,1.17) 0432 0.6207 93

n/N: number of patients achieving each end point/number of patients included. OR, odds ratio; NNT, number needed to treat; NNH, number needed to harm; mRS, modified
Rankin Scale; NIHSS, National Institute of Health Stroke Scale; mAQL, modified arterial occlusive lesion; TIMI, Thrombolysis in Myocardial Infarction; TICI, Thrombolysis in Ce-

rebral Infarction; ICH, intracerebral hemarrhage.

Discussion

This updated meta-analysis, including all relevant published

trials to date, clearly demonstrates the benefits of ERT in pa-
tients with AIS caused by large artery occlusion. ERT signifi-
cantly increased good outcome (mRS 0-2) and excellent out-
come (mRS 0-1) in parallel with increasing good neurological
and activity of daily living outcomes. For all trials including pa-
tients with no IV-TPA and IV-TPA in the control arms, ERT in-
creased these outcomes by1.8- to 3.1-fold. When separately an-
alyzing trials in which the majority of cases were treated with
IV-TPA in the control arms, the magnitudes of ERT’s benefits
were similar. In particular, the benefits were pronounced in re-
cent stent-retriever trials, showing that the chances of achieving
these outcomes more than doubled or tripled with ERT. In ad-
dition, patients treated with stent-retriever thrombectomy had

http://dx.doi.org/10.5853/j0s.2015.17.3.268

about a 2-fold odds of a favorable shift in the mRS disability
score. Beyond statistical significance, the treatment effects were
substantial. The NNTs for achieving one additional outcome of
mRS 0-2 and mRS 0-1 were 9 and 11 for all trials. The NNT
values were even lower with stent-retriever trials, in which 88%
of patients assigned to control arms received IV-TPA therapy:
for every five patients who were treated with stent-retriever in
addition to IV-TPA therapy, one additional patient achieved an
mRS 0-2 outcome; for every seven patients, one additional pa-
tient had no or minimal disability (mRS 0-1).

ERT substantially increased reperfusion rates, which likely
accounted for the clinical benefits observed. The absolute in-
crease in partial or complete recanalization rate with ERT com-
pared to control was 29.1%. In stent-retriever trials, the rate of
partial or complete recanalization with ERT was 80.2%, and the
absolute increase compared to IV-TPA (88% treated with IV-
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Pooling all RCTs
ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
PROACT Il 48 121 15 53  8.1% 1.93[0.97,3.85] 1999 1
Ducrocg et al 6 13 4 14 2.7% 2.14[0.44,10.53] 2005 g
Macleod et al 4 8 1 8 12% 7.00[0.57,86.32] 2005 *
MELT 28 57 22 57 15% 1.54[0.73,3.23] 2007 T —
SYNTHESIS pilot 14 25 9 29 4.7% 2.83(0.93,8.62] 2009
SYNTHESIS EXPANSION 76 181 84 181 11.3% 0.84 [0.55,1.27) 2013 -3
MR RESCUE 12 64 1 54 6.0% 0.90 [0.36, 2.25] 2013 — N
IMS 1l 177 415 86 214 123% 1.11[0.79,1.55] 2013 <
MR CLEAN 76 233 51 267 11.4% 2.05[1.36,3.09] 2014 e
REVASCAT 45 103 29 103 9.3% 1.98[1.11,3.53] 2015 B
SWIFT PRIME 59 98 33 93 9.2% 2.75(1.53,4.94] 2015 =
ESCAPE 87 164 43 147 10.7% 2.73[1.71,4.37) 2015 T
EXTEND-IA 25 35 14 35 54% 3.75[1.38,1017) 2015 —_——t
Total (95% CI) 1517 1261 100.0% 1.79[1.34, 2.40] S
Total events 657 402
Heterogeneity: Tau®= 0.15; Chi*= 31.28, df=12 (P = 0.002); F= 62% ; t f t f {
g 01 02 0.5 1 2 5 10
Test for overall effect: Z= 3.91 (P < 0.0001) Eavolrs Control. Favours ERT
Pooling stent-retriever RCTs
ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% ClI
MR CLEAN 76 233 51 267 34.2% 2.05([1.36,3.09] 2014 —a—
REVASCAT 45 103 29 103 171% 1.98([1.11,3.53] 2015 ———
SWIFT PRIME 59 98 33 93 16.7% 2.75(1.53,4.94] 2015 —
EXTEND-IA 25 35 14 35 58% 3.75[1.38,10.17] 2015 —
ESCAPE 87 164 43 147 261% 2.73[1.71,4.37) 2015 —
Total (95% Cl) 633 645 100.0% 2.39[1.88, 3.04] >
Total events 292 170
Heterogeneity: Tau®= 0.00; Chi*= 2.26, df= 4 (P = 0.69); F= 0% ¢ g y : : d
R 01 02 0.5 1 2 5 10
Test for overall effect. Z=7.12 (P < 0.00001) Favours Control Favours ERT
Pooling RCTs with IV-TPA rate > 75% in control arms e
ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SYNTHESIS pilot 14 25 g 29 70% 2.83(0.93,8.62] 2009
IMS 1l 177 415 86 214 159% 1.11[0.78,1.55] 2013 =
SYNTHESIS EXPANSION 76 181 84 181 149% 0.84 [0.55,1.27) 2013 -
MR CLEAN 76 233 51 267 14.9% 2.05[1.36,3.09] 2014 —F -
REVASCAT 45 103 28 103 12.7% 1.88[1.11,3.53] 2015 == .
EXTEND-IA 25 35 14 35 8.0% 3.75[1.38,10.17] 2015 —_—F
ESCAPE 87 164 43 147 141% 2.73[1.71,4.37) 2015 _——
SWIFT PRIME 59 498 33 93 126% 2.75[1.53,4.94] 2015 T
Total (95% CI) 1254 1069 100.0% 1.88 [1.29, 2.73] -
Total events 559 349
e IR W BT
SRRE T Favours Control Favours ERT

CJ

Pooled estimates for achieving modified Rankin Scale (mRS) 0-2 outcomes with Endovascular recanalization therapy vs. control.

TPA) was 33.6%. Therefore, for every three patients, stent-re-
triever ERT in addition to IV-TPA would achieve one additional

recanalization.

Although ERT was associated with an increased risk of any
ICH, ERT did not increase SICH and mortality in all trials,
stent-retriever trials, and RCTs including a control arm with IV-
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TPA. Therefore, most ICHs were radiological and asymptom-
atic. In contrast, ERT significantly decreased the rates of ex-

treme disability or death (mRS $-6) in all analyses. For stroke

outcomes, combining extreme disability and mortality seems to
be more clinically meaningful than mortality alone. Laypersons
as well as stroke experts perceived mRS § disability as bad as or
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ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
PROACT I 8 26 3 14 3.2% 1.63[0.35,7.48) 1998
PROACT I 32 12 10 59 7.8% 1.76 [0.80, 3.89] 1999 ]
Macleod et al 3 8 0 8 08% 10.82[0.46,252.79] 2005 *
MELT 24 57 13 57 76% 2.46[1.09,5.54] 2007 =t
SYNTHESIS pilot 12 25 8 29 50% 2.42[0.78,7.51] 2009
IMS 11l 122 415 58 214 13.5% 1.12(0.78,1.62] 2013 s =
MR RESCUE 3 B4 7 54 54% 1.10(0.38,3.18) 2013
SYNTHESIS EXPANSION 55 181 63 181 12.4% 0.82[0.53,1.27] 2013 S T
MR CLEAN 27 233 16 267 95% 2.06[1.08,3.92) 2014 ———
ESCAPE 58 164 26 147 111% 2.55[1.50,4.33] 2015 ST CEE
EXTEND-IA 18 35 10 35 6.0% 2.65(0.99,7.11] 2015 —
REVASCAT 25 103 13 103 84% 2.22[1.06, 4.63] 2015 = ——
SWIFT PRIME 42 98 18 893 94% 3.13[1.63,6.00] 2015 T
Total (95% CI) 1530 1261 100.0% 1.81[1.34, 2.44] ’
Total events 435 245
Heterogeneity: Tau= 0.14; Chi*= 25.43, df=12 (P = 0.01); F= 53% ; t f f f {
Test for overall effect: Z= 3.86 (P = 0.0001) &l D.f-?avoursot.:?antrolw Favoufs ERT 5 18

Pooling stent-retriever RCTs

Test for overall effect: Z= 3.03 (P = 0.002)

ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
MR CLEAN 27 233 16 267 21.5% 2.06[1.08,392] 2014 e
EXTEND-IA 18 35 10 3B 92% 265[0.99,7.11] 2015
ESCAPE 58 164 26 147 21.7% 2.55(1.50,4.33] 2015 ——
SWIFT PRIME 42 98 18 93 21.1% 313[1.63,6.00] 2015 e
REVASCAT 25 103 13 103 16.5% 2.22[1.06,4.63] 2015 e
Total (95% Cl) 633 645 100.0% 2.49 [1.85, 3.36] R
Total events 170 83
Heterogeneity: Tau®= 0.00; Chi*= 0.92, df= 4 (P = 0.92); F= 0% b t f t t |
Ry 01 02 05 1 2 5 10
Test for overall effect: Z= 5.98 (P < 0.00001) Eavours Control Eavours ERT
Pooling RCTs with IV-TPA rate > 75% in control arms
ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% ClI
SYNTHESIS pilot 12 25 8 29 7.4% 2.42(0.78,7.51] 2009
IMS 1l 122 415 58 214 168% 1.12[0.78,1.62] 2013 1% -
SYNTHESIS EXPANSION 55 181 63 181 157% 0.82[0.53,1.27) 2013 i
MR CLEAN 27 233 16 267 12.8% 2.06[1.08,3.92] 2014 e~
EXTEND-IA 18 35 10 35 87% 265(0.99,7.11] 2015 e =
SWIFT PRIME 42 98 18 93 12.7% 3.13[1.63,6.00) 2015 N
ESCAPE 58 164 26 147 14.4% 2.55[1.50,4.33] 2015 —
REVASCAT 25 103 13 103 11.6% 2.22[1.06, 4.63] 2015 e
Total (95% CI) 1254 1069 100.0% 1.82[1.24, 2.69] <
Total events 359 212
i Tau = - Chif= i s R= k } + } } {
Heterogeneity: Tau®= 0.20; Chi*= 22.29, df=7 (P = 0.002); F=69% 01 02 05 1 3 : 10

Favours Control Favours ERT

CJ

Pooled estimates for achieving modified Rankin Scale (mRS) 0-1 outcome with Endovascular recanalization therapy vs. control.

even worse than death,”** and therefore extreme disability and
death are frequently collapsed into a single worst-outcome cate-
gory in acute stroke trials.'"*

It would be instructive to compare the magnitude of the
ERT's benefits with those of coronary interventions. In a meta-

analysis of RCTs comparing primary percutaneous coronary in-
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tervention with intravenous fibrinolytic therapy in ST-segment-
elevation myocardial infarction, the NNT was 45 to prevent one
short-term mortality and 29 to prevent long-term mortality.**
‘When pooling five recent stent-retriever trials, the NNT to avoid
one mortality at 3 months with ERT compared to standard ther-
apy (IV-TPA in most cases) was 29, although the reduction was
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ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
PROACTI 15 26 2 14 11.5% 8.18[1.51,44.21] 1998 —_—— "
PROACTII 71 108 9 50 18.3% 8.74[3.84,19.92] 1998 ——
MR RESCUE 40 56 39 45 16.5% 0.38(0.14,1.08) 2013 —
MR CLEAN 157 187 119 207 20.8% 3.87(2.40,6.24] 2014 e
EXTEND-IA 33 35 15 35 123% 22.00([4.55,106.43] 2015 =
ESCAPE 113 156 43 138 20.6% 5.81[3.51,9.60) 2015 e
Total (95% CI) 568 489 100.0% 4.50 [1.97, 10.27] e
Total events 429 227
Heterogeneity: Tau®= 0.79; Chi*= 29.90, df= 5 (P < 0.0001); F= 83% =0 = 032 1 5 20=
Test for overall effect: Z= 3.58 (P = 0.0003) Favours Control Favours ERT

Pooling stent-retriever RCTs

Test for overall effect: Z=5.59 (P < 0.00001)

ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% CI
MR CLEAN 157 187 119 207 446% 3.87(2.40,6.24] 2014 ——
ESCAPE 113 156 43 138 43.4% 5.81[3.51,9.60] 2015 —i—
EXTEND-IA 33 35 15 35 120% 22.00[4.55, 106.43] 2015 _—
Total (95% CI) 378 380 100.0% 5.68 [3.09, 10.45] S
Total events 303 177
Heterogeneity: Tau®*= 0.16; Chi*= 4.85, df= 2 (P = 0.09); F= 59% '0.05 072 1- é 20'

Favours Control Favours ERT

Pooling RCTs with IV-TPA rate > 75% in control arms

ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
MR CLEAN 157 187 119 207 446% 3.87(2.40,6.24] 2014 ——
ESCAPE 113 156 43 138 434% 5.81[3.51,9.60] 2015 ——
EXTEND-IA 33 35 15 35 120% 22.00[4.55 106.43] 2015 —_—F
Total (95% ClI) 378 380 100.0% 5.68 [3.09, 10.45] i
Total events 303 177
Heterogeneity: Tau®= 0.16; Chi*= 4.85, df= 2 (P = 0.09); F=59% '0 05 052 1- é 20’
Test for overall effect: Z= 559 (P < 0.00001) Favours Control Favours ERT

(CJ

Pooled estimates for achieving partial or complete recanalization with Endovascular recanalization therapy vs. control.

not statistically significant. Moreover, the NNT to prevent one
patient from having an mRS 5-6 outcome was only 9, and this
reduction was highly statistically significant. Therefore, the ben-
efits of ERT with stent-retriever in severe AIS appear to be great-
er than the benefits of primary percutaneous coronary interven-
tion in ST-segment-elevation myocardial infarction.

Our findings accord with and extend the results of an earlier
meta-analysis.* The earlier meta-analysis compared ERT with
no thrombolytic therapy using data from five RCTs involving
395 patients. Our study included 15 RCTs involving 2,899 pa-
tients, and also compared ERT with contemporary standard
therapy largely composed of IV-TPA. Therefore, our results
more convincingly indicate the benefits of ERT in the current
clinical setting.

For most efficacy outcomes, heterogeneity was present among
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trials. However, this heterogeneity was mainly driven by varia-
tions in the magnitude rather than in the direction of the treat-
ment effect. For SICH, there was no heterogeneity for extreme
disability or death and mortality outcomes. In addition, when
restricting analysis to stent-retriever trials, we found no signifi-
cant heterogeneity across the trials for most outcomes except for
any ICH and partial or complete recanalization rates. Therefore,
the benefit of ERT appears generally consistent across trials, par-
ticularly among the stent-retriever trials.

The validity of meta-analysis results can only be guaranteed
when the quality of included trials is high. Most RCTs included
in this meta-analysis were at low risk of bias for each item except
for treatment blinding. However, blinding of treatment assign-
ments in trials comparing endovascular thrombectomy versus

medical therapy would not be feasible for practical reason. Most

http://dx.doi.org/10.5853/j0s.2015.17.3.268
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ERT Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% CI

PROACT I 4 26 1 14 2.4% 2.36[0.24, 23.48] 1998 *

PROACTII 11 108 1 54  29% 6.01 [0.76, 47.84] 1999 >

Keris et al 0 12 1 33 12% 0.87 (0.03,22.72) 2001 ¢ *

Ducrocq et al 2 13 0 14 1.3% 6.30[0.27,144.70] 2005 >

Macleod et al 0 8 0 8 Not estimable 2005

MELT 5 57 1 57 26% 5.38 [0.61, 47.63] 2007 >

SYNTHESIS pilot 2 25 4 29 3.9% 0.54 [0.09,3.25] 2009 *

MR RESCUE 3 64 2 54 3.7% 1.28[0.21,7.95] 2013

SYNTHESIS EXPANSION M0 181 10 181 153% 1.00 [0.41, 2.46) 2013

IMS 1l 27 434 13 222 26.8% 1.07 [0.54,2.11) 2013 e

MR CLEAN 18 233 17 267 26.4% 1.23[0.62, 2.45] 2014 -

EXTEND-IA 0 35 2 35 1.3% 0.19[0.01,4.08 2015 ¢

SWIFT PRIME 0 98 3 97 1.4% 0.14[0.01,269) 2015 ¢

ESCAPE 6 165 4 150 7.6% 1.38[0.38,4.98] 2015

REVASCAT 2 103 2 103 32% 1.00[0.14,7.24] 2015

Total (95% CI) 1562 1318 100.0% 1.19 [0.83, 1.69] ’

Total events 90 61

Heterogeneity: Tau®= 0.00; Chi*=10.15, df= 13 (P = 0.68); F= 0% ; f t f f i

Test for overall effect: Z=0.94 (P = 0.35) ok B FavoSé ERT1 Favou?s Controlﬁ L

Pooling stent-retriever RCTs o
ERT Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

MR CLEAN 18 233 17 267 66.2% 1.23[0.62, 2.45] 2014 —i—

ESCAPE 6 165 4 150 19.0% 1.38(0.38,4.98] 2015

REVASCAT 2 103 2 103 8.0% 1.00[0.14,7.24) 2015

EXTEND-IA 0 35 2 35 33% 0.19[0.01,4.08] 2015 ¢

SWIFT PRIME 0 98 3 97 35% 0.14(0.01,2.69) 2015 ¢

Total (95% Cl) 634 652 100.0% 1.08 [0.61, 1.88] -

Total events 26 28

Heterogeneity: Tau?= 0.00; Chi*= 3.44, df= 4 (P = 0.49); F= 0% t t t t t {

Test for overall effect: Z= 0.26 (P = 0.80) L Favogi ERT1 Favoufs COmrols L

Pooling RCTs with IV-TPA rate > 75% in control arms e

ERT Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M.-H, Random, 95% Cl Year M-H, Random, 95% CI

SYNTHESIS pilot 2 25 4 28 45% 0.54[0.09,3.25] 2009 ¢

SYNTHESIS EXPANSION 10 181 10 181 17.9% 1.00[0.41, 2.46] 2013 —

IMS 1l 27 434 13 222 31.2% 1.07 [0.54,2.11] 2013 S

MR CLEAN 18 233 17 267 30.7% 1.23[0.62,2.45] 2014 — T

SWIFT PRIME 0 93 3 97 1.6% 0.14[0.01,2.69] 2015 ¢

ESCAPE 6 165 4 150 8.8% 1.38[0.38,4.98] 2015

REVASCAT 2 103 2 103 3.7% 1.00[0.14,7.24] 2015

EXTEND-IA 0 35 2 35 1.5% 0.19[0.01,4.08] 2015 *¢

Total (95% Cl) 1274 1084 100.0% 1.03 [0.70, 1.50] ‘

Total events 65 55

Heterogeneity: Tau®= 0.00; Chi*= 3.93, df=7 (P = 0.79); F= 0% D t t t t {

Test for overall effect: Z=0.14 (P = 0.89) ad. Be Favog}: ERT Favoufs Comrols n

Pooled estimates for symptomatic intracranial hemorrhage (SICH) with Endovascular recanalization therapy vs. control.

trials used appropriate allocation concealment and blinded out-
come assessment, and no trial contained attrition bias, report-

ing bias, or other forms of bias.

One critique states that only a minority of patients with AIS
would be eligible for ERT but the implementation of ERT pro-

http://dx.doi.org/10.5853/j0s.2015.17.3.268
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grams requires tremendous resource allocation. In the USA,
only 5%-13% of patients with AIS arrived within the commonly

recommended ERT time window of 3-6 hours, and the propor-

http://j-stroke.org

tion of patients eligible for ERT was estimated to be even lower.”
In Korea, about 51% of patients with AIS arrived within 6 hours
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Test for overall effect Z=1.44 (P=0.15)

ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% Cl _Year M-H, Random, 95% CI
PROACT | 7 26 6 14 21% 0.49(0.13,1.93] 1998
PROACTII 30 12 16 59 7.8% 0.89[0.44,1.80) 1999
Keris et al 2 12 16 33 1.4% 0.21[0.04,1.12] 2001 *
Ducrocq et al 3 13 4 14 1.3% 0.75(0.13, 4.25] 2005
Macleod et al 4 8 4 8 10% 1.00[0.14,7.10] 2005
MELT 3 57 2 57 1.2% 1.53[0.25,9.51] 2007
SYNTHESIS pilot 6 25 5 29 22% 1.52[0.40,5.74] 2009
SYNTHESIS EXPANSION 26 181 18 181 9.5% 1.52[0.80,2.88] 2013
IMS 1l 83 415 48 214 242% 0.86 [0.58,1.29] 2013 o
MR RESCUE 12 64 13 54 50% 0.73[0.30,1.76] 2013
MR CLEAN 49 233 58 267 21.3% 0.94 [0.61,1.44] 2014
ESCAPE 17 164 28 147 92% 0.49[0.26,0.94] 2015 =
REVASCAT 19 103 16 103 7.3% 1.23[0.59, 2.55] 2015
EXTEND-IA 3 35 7 35 1.9% 0.38(0.09,1.59) 2015 *
SWIFT PRIME g 98 12 97  47% 0.72[0.29,1.79] 2015
Total (95% CI) 1555 1312 100.0% 0.87[0.71, 1.05] >
Total events 273 254
Heterogeneity: Tau®= 0.00; Chi*= 13.02, df=14 (P = 0.53); F= 0% b t t {

01 02 0.5 2 5 10
Favours ERT Favours Control

Pooling stent-retriever RCTs

Test for overall effect: Z=1.35 (P=0.18)

ERT Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
MR CLEAN 49 233 59 267 39.2% 0.94 [0.61,1.44] 2014 T .
ESCAPE 17 164 28 147 228% 0.49(0.26,0.94] 2015 —
REVASCAT 19 103 16 103 191% 1.23[0.59, 2.55] 2015 ———
EXTEND-IA 3 35 7 35 58% 0.38(0.09,1.59] 2015 ¢
SWIFT PRIME 9 98 12 97 132% 0.72[0.29,1.79] 2015 ————
Total (95% CI) 633 649 100.0% 0.78 [0.54, 1.12)
Total events 97 122
Heterogeneity: Tau®= 0.04; Chi*= 5.15, df= 4 (P = 0.27); F= 22% ; t i

01 0.2 05 1 2 5 10
Favours ERT Favours Control

Pooling RCTs with IV-TPA rate > 75% in control arms

ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SYNTHESIS pilot 6 25 5 29 37% 1.52(0.40,5.74] 2009
SYNTHESIS EXPANSION 26 181 18 181 13.3% 1.52(0.80,2.88] 2013 S
IMS I 83 415 48 214 252% 0.86 [0.58,1.29] 2013 ——
MR CLEAN 43 233 53 267 23.4% 0.94 (0.61,1.44] 2014 ——
ESCAPE 17 164 28 147 13.0% 0.49(0.26,0.94] 2015 —_—
SWIFT PRIME 9 98 12 97  7.4% 0.72(0.29,1.79] 2015 —g—
REVASCAT 19 103 16 103 10.8% 1.23[0.59, 2.55] 2015 e
EXTEND-IA 3 35 7 35 32% 0.38[0.09,1.59] 2015 *
Total (95% CI) 1254 1073 100.0% 0.90 [0.69, 1.17] R
Total events 212 183
Heterogeneity: Tau®= 0.03; Chi*= 8.93, df= 7 (P = 0.26); F= 22% ! t t t t {
¥ & 01 02 0.5 1 2 5 10
Test for overall effect Z=0.79 (P = 0.43) Favours ERT Favours Control

(C)

Pooled estimates for mortality with Endovascular recanalization therapy vs. control.

according to the Report of Assessment for Quality of Acute
Stroke Care in Korea 2010.° In a multicenter study, among
27,851 patients with AIS, 4.6% were treated with ERT (ERT
alone or combined with IV-TPA).”” However, patients with se-

vere stroke are an important group which requires more effective
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interventions. In recent stent-retriever trials, only 26.4% of pa-
tients in control arms, despite the high IV-TPA rate of 77%-
100% across the trials, achieved mRS 0-2 outcomes at 3 months
(Table 3). In Korea, cardioembolic stroke, which usually pres-
ents as severe stroke and might be indicated for ERT in a large
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Test for overall effect. Z=2.25 (P=0.02)

ERT Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
PROACT Il #1121 20 59 86% 1.00(0.52,1.93] 1993 —
Macleod et al 4 8 5 8 1.3% 0.60 [0.08, 4.40] 2005 ¢
MELT 12 &7 13 57  55% 0.90 [0.37,2.19] 2007 e
SYNTHESIS pilot 6 25 5 29  28% 1.52(0.40,5.74] 2009
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Pooled estimates for bed-ridden or dead outcome (mRS 5-6) with Endovascular recanalization therapy vs. control.

proportion of patients arriving within time window, has in-
creased and currently accounts for more than 20% of all AIS cas-

es’28,29

and will further increase in the near future due to a rapid
increase of elderly population. With current standard therapies,
approximately one-third of patients with cardioembolic stroke
are bed-ridden or die at 3 months.* According to a multicenter

registry study in Korea, about 20% of patients had a severe stroke

http://dx.doi.org/10.5853/j0s.2015.17.3.268

with an initial NIHSS score of 10 or more likely caused by an
acute large artery occlusion.” Therefore, patients eligible for
ERT do not represent the minority of all ischemic stroke pa-
tients.

Our study has several limitations. As with all meta-analyses,
there is a risk of publication bias and of failing to identify all rele-
vant studies. However, we included all large RCTs, and missing
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some small trials would therefore not alter our results. In addi-
tion, we could not identify publication bias for any outcome ex-
cept for SICH in recent stent-retriever trials. Inspecting a funnel
plot showed that bias was more likely to be driven by extremely
low SICH rates in the ERT arms of two trials”'° rather than a
true significant bias. Given the variation in the definitions of
SICH used across trials, the current pooled estimate of the SICH
risk might be imprecise. However, the variation in SICH defini-
tion was not substantial. This study-level meta-analysis was not
able to indicate the benefits of ERT in important subgroups. A
pooled analysis of individual patient data from recent stent-re-
triever thrombectomy trials is warranted to provide more in-
sights into the efficacy of ERT according to age, initial stroke se-
verity, occlusion site, additional benefit or safety of prior IV-TPA
use, onset-to-treatment and onset-to-recanalization times, and
final reperfusion grade. Our findings were generated from data
from clinical trials that generally enrolled patients at centers
equipped with efficient critical pathways and experienced neu-
rointerventionists. Therefore, these results may not be applicable

to inexperienced centers.

Conclusion

In conclusion, the current updated meta-analysis shows that
ERT compared to the current standard therapy substantially
improves clinical outcomes and reduces extreme disability or
death. Despite an increased risk of any ICH, ERT does not in-
crease mortality or SICH. The time has come to reorganize our
acute stroke care system to provide ERT for eligible patients

more frequently and faster.
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Hong, etal. Endovascular Recanalization Therapy: Meta-analysis
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Supplementary Figure 1. Pooled estimates for achieving modified Rankin Scale (mRS) 0-3 outcomes with Endovascular recanalization therapy vs. control.
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Supplementary Figure 2. Pooled estimates for achieving good neurological outcome with Endovascular recanalization therapy vs. control.
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Supplementary Figure 3. Pooled estimates for achieving good activity of daily living with Endovascular recanalization therapy vs. control.
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Supplementary Figure 4. Pooled estimates for achieving complete recanalization with Endovascular recanalization therapy vs. control.
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Supplementary Figure 5. Pooled estimates for any intracranial hemorrhage (ICH) with Endovascular recanalization therapy vs. control.
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