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 Abstract 
  Background:  Recent advances in the treatment of ischemic stroke have focused on revascu-
larization and led to better clinical and functional outcomes. A systematic review and pooled 
analyses of 6 recent multicentered prospective randomized controlled trials (MPRCT) were 
performed to compare intravenous tissue plasminogen activator (IV tPA) and endovascular 
therapy (intervention) with IV tPA alone (control) for anterior circulation ischemic stroke (AIS) 
secondary to large vessel occlusion (LVO).  Objectives:  Six MPRCTs (MR CLEAN, ESCAPE,
EXTEND IA, SWIFT PRIME, REVASCAT and THERAPY) incorporating image-based LVO AIS 
were selected for assessing the following: (1) prespecified primary clinical outcomes of AIS 
patients in intervention and control arms: good outcomes were defined by a modified Rankin 
Scale score of 0–2 at 90 days; (2) secondary clinical outcomes were: (a) revascularization rates 
[favorable outcomes defined as modified Thrombolysis in Cerebral Infarction scale (mTICI) 
score of 2b/3]; (b) symptomatic intracranial hemorrhage (sICH) rates and mortality; (c) deriva-
tion of number needed to harm (NNH), number needed to treat (NNT), and relative percent 
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difference (RPD) between intervention and control groups, and (d) random effects model to 
determine overall significance (forest and funnel plots).  Results:  A total of 1,386 patients were 
included. Good outcomes at 90 days were seen in 46% of patients in the intervention (p < 
0.00001) and in 27% of patients in the control groups (p < 0.00002). An mTICI score of 2b/3 
was achieved in 70.2% of patients in the intervention arm. The sICH and mortality in the in-
tervention arm compared with the control arm were 4.7 and 14.3% versus 7.9 and 17.8%, re-
spectively. The NNT and NNH in the intervention and control groups were 5.3 and 9.1, respec-
tively. Patients in the intervention arm had a 50.1% (RPD) better chance of achieving a good 
90-day outcome as compared to controls.  Conclusions:  Endovascular therapy combined with 
IV tPA (in appropriately selected patients) for LVO-related AIS is superior to IV tPA alone. 
These results support establishing an endovascular therapy in addition to IV tPA as the stan-
dard of care for AIS secondary to LVO.  © 2016 S. Karger AG, Basel 

 Background 

 Reperfusion therapy aiming to achieve recanalization of acutely occluded vessels has 
been a consistent objective in the setting of arterial ischemia for both cardiac and cerebral 
pathologies  [1] . The world of cardiology and, in particular, interventional cardiology underwent 
a renaissance period with a major shift in the treatment paradigm consisting of a transition 
from intravenous (IV) thrombolytic treatments to percutaneous coronary intervention (PCI) 
in the early 1990s  [2, 3] . Considerable enthusiasm with treatment protocol establishment was 
generated by meta-analyses such as the one done by Weaver et al.  [4, 5]  in 1997, showing that 
primary PCI was superior to immediate thrombolysis in acute myocardial infarction. The 
ischemic stroke and, in particular, the intra-arterial treatment field is undergoing a renais-
sance period in its own right with a change in paradigm  [6] . The past decade has ushered in a 
series of multicenter prospective randomized controlled trials (MPRCTs) that evaluated the 
efficacy and safety of endovascular anterior circulation ischemic stroke (AIS) therapy. However, 
to date, the application of endovascular AIS therapies has not received FDA approval  [7] . This 
is in part related to the relatively equivocal results that were observed in previous studies 
comparing endovascular treatment with IV tissue plasminogen activator (IV tPA) in AIS  [8] . As 
a result, IV tPA administered within 3 h of symptom onset is the only FDA-approved therapy 
for best medical management of acute ischemic strokes  [7] . Nevertheless these past studies 
did shed light on factors that would eventually translate into optimal patient outcomes. These 
included the application of imaging modalities to confirm large vessel occlusions (LVOs) as 
well as to exclude patients with a large infarct core and the need for faster door-to-revascular-
ization times  [6] . The previous trials also aided in determining the efficacy of the newer gener-
ation devices and provided a basis for future trial designs  [8] .

  The aforementioned learning points were taken into account by the 6 most recent 
MPRCTs: MR CLEAN, ESCAPE, EXTEND IA, SWIFT PRIME, REVASCAT and THERAPY  [9–14] . 
These trials tested the following hypothesis: when compared to IV tPA alone, the addition of 
endovascular therapy (stent retriever and/or clot suction technology) combined with appro-
priate patient selection (image-based selection of LVO in anterior circulation, small- to 
moderate-sized infarct core and significantly salvageable brain tissue) will achieve better 
patient outcomes, lower rates of both futile procedures and mortality. We sought to perform 
a review and pooled analyses of results from the 6 most recent MPRCTs. Outcomes were 
measured with level of functional independence as defined by the modified Ranking Scale 
(mRS) at 90 days between the control (IV tPA) and interventional groups (endovascular plus 
IV tPA, when applicable).



41Intervent Neurol 2016;5:39–50

 DOI: 10.1159/000442355 

 Hussain et al.: Systematic Review and Pooled Analyses of Recent Neurointerventional 
Randomized Controlled Trials 

www.karger.com/ine
© 2016 S. Karger AG, Basel

  Materials and Methods 

 Search Methods Used 
 To access data sets and information pertaining to the MPRCTs we used a combination of PubMed, 

Cochrane Central register of controlled trials, data gathered from the International Stroke Conference in 
Nashville, Tenn., USA (2015) and from the European Stroke Organization Conference in Glasgow, UK (2015). 
The study was conducted from February 11 until March 10, 2015. Studies that were published in the  New 
England Journal of Medicine  between January and June 2015 were selected for review. A full report of the 
majority of those studies in addition to supplementary files was subsequently retrieved. Data on patient 
selection, inclusion and exclusion criteria, types of endovascular devices used, outcome in terms of mRS 
score, recanalization rates [modified Thrombolysis in Cerebral Infarction scale (mTICI)/TICI scores], symp-
tomatic intracranial hemorrhage rates (sICH) and mortality were gathered from each study done indepen-
dently.

  The Cochrane method of analysis was used to judge the strength of the study and reliability of the results 
as well as potential bias. Our study was also registered under the PROSPERO International Prospective 
Register for Systemic Reviews (Pending Registration Number).

  Inclusion Criteria 
 The trials included met the following criteria: (1) multicenter, prospective and randomized; (2) 

comparison of endovascular therapy with stent retriever and/or clot suction technology with IV tPA (if 
eligible); (3) availability of 90-day mRS follow-up data in patients undergoing endovascular therapy with IV 
tPA, when applicable compared to IV tPA alone; (4) available rate of successful recanalization: standard or 
modified TICI score of 2b/3 or mTICI score of 2b/3 in the endovascular arm; (5) available rate of sICH and 
death; (6) patient age of at least 18 years or above; (7) time of symptom onset less than 12 h; (8) use of 
imaging modalities [CT angiography, CT-derived Alberta Stroke Program Early Computed Tomography 
Score (ASPECTS) score, CT perfusion] to determine LVO in anterior circulation, and mild to moderate size of 
core infarction; (9) presence of significantly salvageable brain tissue based on clinical and/or imaging infor-
mation, and (10) studies that were published in the  New England Journal of Medicine  from January to June 
2015.

  Exclusion Criteria 
 We did not include trials with the following characteristics: (1) single center and nonrandomized; (2) 

predominant use of old-generation endovascular devices; (3) no head-to-head comparison of endovascular 
device outcome with IV tPA; (4) failure to report recanalization rates; (5) failure to use imaging modalities 
in confirming the presence of LVO in anterior circulation, patients with large-degree ischemic change 
(demonstrated on CT scan with >2/3 middle cerebral artery distribution changes, ASPECTS <6, CT perfusion 
core >70 ml), and (6) time of symptom onset more than 12 h.

  Outcome Measures 
 Measures used for the final analysis were subdivided into primary and secondary outcomes. The 

primary clinical outcome measure was improvement in the mRS score at 90 days. The mRS scoring system 
ranges from 0 to 6 (stratification of values: 0, no symptoms at all; 1, no major disability; 2, slight disability; 
3, moderate disability requiring some help but able to walk without assistance; 4, moderately severe 
disability; 5, severe disability, and 6, death)  [1, 2] . The mRS scores were obtained at 90 days following 
enrollment and analyzed in patients who received current standard of care (IV tPA alone) versus those who 
received IV tPA (when eligible) and endovascular therapy. Secondary outcome measures were desirable 
recanalization rates defined as standard TICI or mTICI score of 2b/3, sICH rate, all-cause mortality, number 
needed to treat (NNT) and number needed to do harm (NNH).

  Statistical Analysis 
 A biostatistician performed all analyses. SPSS version 22 was used to derive means and standard devi-

ation for continuous variables and percentages for categorical variables. The independent-samples t test was 
used to compare means between three groups of mRS scores (0–2, 3–4 and 5–6), between trials, as continuous 
variables from the interventional and control arms of each trial. Categorical variables were compared using 
χ 2  testing. A p value of <0.05 was considered significant. Forest plots were created to graphically display the 
summary effect of the meta-analysis. Furthermore, a random effects model was used to create the graphs. 
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The Review Manager (RevMan 5.2) statistical software was used to create the forest plot. An odds ratio (OR) 
was used to measure the effect and plotted on a log scale; a vertical line drawn at an OR value of 1.0 repre-
sents ‘no effect’. A confidence interval overlapping the vertical line of ‘no effect’ represented a lack of statisti-
cally significant effect. For assessing heterogeneity, the Q statistical value I 2  was used to interpret the 
proportion of the existing variability due to heterogeneity between studies. Funnel plots were created to 
graphically represent the existence of publication bias.

  Results 

 Highlights of Search Results 
 Our search result yielded 6 recent trials that were multicentered, prospectively 

randomized controlled trials: MR CLEAN, ESCAPE, EXTEND IA, SWIFT PRIME, REVASCAT and 
THERAPY  [9–14] . During the time period between January and April 2015, there were no 
other studies deemed eligible other than the aforementioned 6 trials. A total of 1,386 patients 
were included in the 6 studies of which 688 patients were randomized into endovascular 
treatment in addition to IV tPA (intervention), and 698 we randomized into IV tPA alone 
(control). At baseline, all participants were functioning independently (mRS score 0–2). The 
characteristics of the control group and intervention group were matched.  Table 1  provides 
a highlight of the demographic patterns observed in the 6 trials.

  All the trials, with the exception of EXTEND IA and MR CLEAN, used the ASPECTS ranging 
from 0 to 10, with 1 point subtracted for any evidence of early ischemic change in each defined 
region on the CT scan  [15, 16] . EXTEND IA used CT perfusion as the imaging modality for 
inclusion criteria; the median ischemic core volume was 12 ml (endovascular group) and 18 
ml (control group).

 Table 1.  Demographic profile of the 6 studies 

Trial Age, 
years

Symptom 
onset, h

NIHSS 
score

Baseline
function

Imaging Control Intervention Device Primary
end point

MR CLEAN ≥18 <6 ≥2 96% of patients 
had an m RS 
score 0 – 2

CT 
(no ASPECTS)
and CTA

IV tPA if 
qualified

IA thrombectomy + 
IV tPA if qualified

stent 
retrievers

mRS score at 
90 days

ESCAPE ≥18 <12 disabling Barthel index
≥90

CT 
(ASPECTS ≥6)
and CTA

IV tPA if 
qualified

IA thrombectomy + 
IV tPA if qualified

stent 
retrievers

mRS score at 
90 days

EXTEND IA ≥18 <4.5 no limit mRS score <2 CT and CT
perfusion
(core ≤70 ml
and mismatch
ratio >1.2

IV tPA IA thrombectomy + 
IV tPA

stent 
retrievers

mRS score at 
90 days

SWIFT 
PRIME

18 – 80 <4.5 8 – 29 mRS score ≤1 CT 
(ASPECTS ≥6)
 and CTA

IV tPA IA thrombectomy + 
IV tPA

stent 
retrievers

reperfusion at 
24 h and early 
neurologic 
improvement

REVASCAT 18 – 85 <8 ≥6 mRS score ≤1 CT 
(ASPECTS ≥8)
 and CTA

IV tPA IA thrombectomy + 
IV tPA

Solitaire 
FR stent 
retriever

mRS score at 
90 days

THERAPY 18 – 85 <4.5 ≥8 mRS score <2 CT (ASPECTS,
clot length)
and CTA

IV tPA IA thrombectomy + 
IV tPA

Penumbra 
suction 
(Separator, 
Separator 3D, 
ACE, other)

mRS score at 
90 days

CTA = CT angiography. Age, symptom onset, NIHSS score, prestroke functioning and imaging criteria were gathered for the 6 MPRCTs, as well as the type of 
intervention and primary end point in the endovascular arm versus control arm of the included MPRCTs: all except EXTEND IA used mRS score at 90 days as primary 
end point. EXTEND IA used early neurological improvement and reperfusion at 24 h as primary end point.
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  Treatment modalities were consistent within the trials. The intervention arm mainly 
received a combination of intra-arterial thrombectomy using stent retrievers (in 5/6 trials) 
or Penumbra suctioning device (THERAPY) and IV tPA (in eligible patients). The control arm 
received IV tPA alone, if the patients were within the prespecified therapeutic time window 
from symptom onset up to 4.5 h. Furthermore, the prespecified primary end point was the 
mRS score at 90 days for MR CLEAN, ESCAPE, SWIFT, REVASCAT and THERAPY. The primary 
end point set by EXTEND IA was reperfusion at 24 h and early neurologic improvement 
( table 1 ).
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  Fig. 1.  Bar graph representation of the 6 MPRCTs analyzed with mRS breakdown between the intervention 
group versus controls as composite and individual results. 
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  The pooled results of the primary end point showed that 46% of patients in the inter-
vention arm achieved an mRS score of 0–2 at 90 days after treatment, compared to only 27% 
in controls ( fig. 1 ). The individual studies that made up the pooled analyses along with their 
respective results separated by mRS scores of 0–2, 3–4 and 5–6 are shown in  figure 1 . Forest 
and funnel plots were constructed to show the relative strength of treatment effects across 
the 6 MPRCTs with an mRS stratification between 0–2, 3–4, 5–6 and mortality ( fig. 2–4 ).

  Figure 6 demonstrates that for every 5.3 patients treated with endovascular therapy 
along with IV tPA, 1 will become independent at 90 days as compared with IV tPA alone (NNT 
for endovascular = 5.3). Furthermore, for every 9.1 patients eligible for endovascular 
treatment who receive IV tPA alone, 1 will be dead or disabled at 90 days (NNH for IV tPA 
alone = 9.1).

  Fig. 2.  Forest plot representing a random effects model for the meta-analysis of good outcome (mRS score 
0–2) among the individual 6 MPRCTs. 

  Fig. 3.  Forest plot representation of mortality among all 6 MPRCTs. 

Study or 
subgroup

Medical
 treatment

Endovascular
treatment

Weight, 
%

OR
M-H, fixed, 95% CI

OR
M-H, fixed, 95% CI

ev ents total events total

ESCAPE 43 147 89 164 26.6 0.35 [0.22, 0.56]
EXTEND IA 14 35 25 35 6.7 0.27 [0.10, 0.72]
MR CLEAN 51 267 77 233 29.7 0.48 [0.32, 0.72]
REVASCAT 29 103 44 103 14.1 0.53 [0.29, 0.94]
SWIFT PRIME 33 93 59 98 16.5 0.38 [0.20, 0.85]
THERAPY 16 53 21 55 8.4 0.70 [0.31, 1.56]

Total (95% CI) 698 688 100.0 0.43 [0.34, 0.54]
Total events 186 315
Heterogeneity: χ2 = 4.11, d.f. = 5 (p = 0.53); I2 = 0%
Test for overall effect: Z = 7.19 (p < 0.00001)
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medical treatment
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2 5 10

Study or 
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Endovascular Control Weight, 
%

OR
M-H, fixed, 95% CI

OR
M-H, fixed, 95% CIev ents total events total

ESCAPE 17 164 28 147 25.4 0.49 [0.26, 0.94]
EXTEND IA 3 35 7 35 6.1 0.38 [0.09, 1.59]
MR CLEAN 44 233 49 267 35.6 1.04 [0.66, 1.63]
REVASCAT 19 103 16 103 12.5 1.23 [0.59, 2.55]
SWIFT PRIME 9 98 12 93 10.7 0.68 [0.27, 1.70]
THERAPY 6 55 11 53 9.6 0.47 [0.16, 1.37]

Total (95% CI) 688 698 100.0 0.79 [0.59, 1.05]
Total events 98 123
Heterogeneity: χ2 = 6.88, d.f. = 5 (p = 0.23); I2 = 27%
Test for overall effect: Z = 1.61 (p = 0.11)
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Endovascular and
medical treatment
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mortality
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  The mTICI scores of 2b/3 were available for the group of patients that underwent endo-
vascular recanalization (except ESCAPE, which had TICI scores of 2b/3), which showed an 
average of 70.2% rate of recanalization ( table 2 ). The mortality rate in the intervention arm 
was 14.3%, while the mortality rate of the control arm was 17.8% ( fig. 1 ). The sICH rate was 
4.7% in the intervention arm compared to 7.9% in controls ( fig. 2 ;  table 3 ). The relative 
percent difference (RPD) was calculated to be 50.1% between patients in the intervention 
and control arms with regard to achieving an mRS of 0–2 at 90 days, i.e., patients in the inter-
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  Fig. 4.  Funnel plot representation of the 6 MPRCTs with mRS stratification. Funnel plots demonstrating lack 
of heterogeneity or bias between trials looking at good outcome, i.e. mRS score of 0–2 ( a ), mRS score of 3–4 
( b ), poor outcome, i.e. mRS score of 5–6 ( c ), and mortality ( d ). 

Trial Total
patients

Number of 
patients who 
achieved 
mTICI 2b/3

Percentage of 
patients who 
achieved mTICI 
2b/3

SWIFT 83 73 88
ESCAPE 156 113a 72a

MR CLEAN 196 115 59
EXTEND IA 29 25 86
REVASCAT 103 67 66
THERAPY 50 37 73
Combined 464 326 70.2

 a Utilized TICI 2b/3, not mTICI 2b/3.

 Table 2. Number and percentage 
of patients achieving desired 
rates of recanalization: mTICI 
score 2b/3 enrolled in the 6 
MPRCTs
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vention arm were 50.1% more likely to be independent at 90 days compared with controls. 
Patients who did not receive intervention along with IV tPA were 41.5% more likely to be 
dead or disabled at 90 days (RPD of 41.5% for an mRS score of 5–6 at 90 days).

  Discussion 

 The past decade brought with it a dynamic treatment model for AIS that has been in 
constant evolution with learning points gathered after every major trial to restructure it 
further toward achieving better patient outcomes. From the FDA approval of IV tPA in 1995 
to the 2015 announcement of the latest MPRCT, enough data has accrued in the literature to 
reiterate the importance of achieving faster and higher rates of recanalization in appropri-
ately selected patients. This has correlated with better patient outcomes, with lower rates of 
morbidity and mortality  [3, 16, 19–24] .

  These pooled analyses demonstrated several important advantages associated with the 
addition of endovascular therapy to IV tPA. Primarily, patients were twice as likely to be inde-
pendent and over 40% less likely to be dead or disabled at 90 days if they were treated with 
endovascular therapy along with IV tPA. Furthermore, this benefit was estimated to be 

Trial Total sICH, n sICH, %

SWIFT PRIME Endovascular arm 97 1 1
Control arm 98 3 3

ESCAPE Endovascular arm 165 6 4
Control arm 150 4 3

MR CLEAN Endovascular arm 233 18 8
Control arm 267 17 6

EXTEND IA Endovascular arm 35 0 0
Control arm 35 2 6

REVASCAT Endovascular arm 103 2 1.9
Control arm 103 2 1.9

THERAPY Endovascular arm
Control arm

55
53

6
28

10.9
11.3

Combined Endovascular arm 688 33 4.7
Control arm 706 56 7.9

Percent difference
50.1%

NNT = 5.3

Percent difference
41.5%

NNH = 9.1

0 5 10 15 20 25 30 35 40 45 50 %

mRS score 0–2

mRS score 5–6

IV tPA plus intervention IV tPA alone

27%

46%

32%

21%

 Table 3. sICH rate across the 
trials: treatment versus control 
arms
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  Fig. 5.  NNT and NNH with RPD 
comparison between endovascu-
lar plus IV tPA versus best medi-
cal management (including use of 
IV tPA). 
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frequently achieved since it was shown that by adding endovascular therapy to IV tPA, 1 out 
of every 5.1 patients was independent at 90 days. Conversely, for every 9 eligible patients that 
endovascular therapy was not offered to, 1 was left dead or disabled. This was in stark contrast 
to the relatively higher NNT value of 16 for PCI application in ST elevation myocardial 
infarction (STEMI) to prevent death, reinfarction and stroke  [17, 18] . Furthermore, the NNT 
values for PCI-treated STEMIs have ranged from 45 in randomized controlled trials to prevent 
short-term mortality, to 91 in observational studies ( fig. 5 ,  6 ).

  The addition of endovascular therapy to IV tPA also translated to improved vessel recan-
alization in our pooled analysis with an overall mTICI 2b/3 rate of 70.2% (TICI 2b/3 used in 
ESCAPE). While previous data on IV tPA showed that it has been historically administered to 
only 4–7% of ischemic stroke patients (partly due to a narrow time window of 3–4.5 h), 
recanalization rates were dismal, ranging from only 13 to 50%  [25] . Furthermore, the 
proportion of stroke patients receiving IV tPA is also attenuated due to the potential of 
bleeding complications after 4.5 h  [25] . The heterogeneity and relatively low rates of recana-
lization were attributed to factors such as a higher clot burden and differences in clot location 
within the intracerebral circulation  [20, 21, 26, 27] . As previously shown, larger thrombi in 
vessels such as the distal internal carotid artery or proximal middle cerebral artery were less 
likely to respond to IV tPA  [28] .
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PCI STEMI treatment composite
(death, reinfarction, stroke)

45

22

PCI STEMI treatment (long-term mortality) 29

PSI STEMI treatment (long-term reinfarction) 29

PCI STEMI treatment (stroke) 83

PCI STEMI treatment (short-term mortality)

16
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  Fig. 6.  Bar graph representation of NNT in PCI for STEMI (stratified as composite score: death, myocardial 
reinfarction and stroke)  [11] , PCI for STEMI treatment to avoid stroke, PCI for STEMI to prevent long-term 
reinfarction, PCI for STEMI treatment to avoid long-term mortality, PCI for STEMI treatment to avoid short-
term reinfarction, PCI for STEMI treatment to avoid short-term mortality  [12] , versus NNT for stroke endo-
vascular treatment with best medical management to attain a 90-day mRS score of 0–2 (functional indepen-
dence) in the 6 MPRCTs with composite average. 
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  The results of these pooled trials were impressive, but it may still be possible for cautious 
clinicians with memories of prior endovascular studies to question why these trials were so 
positive. First, it should be mentioned that previous trials used early-generation throm-
bectomy devices to evaluate recanalization rates as well as safety and efficacy parameters 
 [16, 23, 24] . Devices have improved significantly in design and function over the past 5–10 
years, allowing for faster reperfusion rates, higher degree of reperfusion and fewer complica-
tions, such as perforations and distal emboli  [15, 16, 22, 28] .

  Even recent trials such as MR RESCUE and IMS 3 were criticized for delayed reperfusion 
and using older technology, and in the Penumbra pivotal trial, only 25% of patients had a good 
90-day clinical outcome  [29] . Similarly, the Merci retriever was assessed in the Multi MERCI 
trial and showed dismal results of TIMI scores of 2–3 in 68%, and good clinical outcomes in 
only 36%  [24] . These older-generation devices have been adequately tested against the newer 
stent retriever technology in several trials and proven to be inferior with regard to safety 
profile, recanalization rates, time of puncture to recanalization, and clinical outcomes  [8, 30] .

  Currently the most commonly used stent retriever devices are the Solitaire (ev3) and the 
Trevo (Concentric Medical) devices. The efficacy of these devices has been established in 
head-to-head comparisons in multicentered, prospective, randomized controlled trials: 
SWIFT and Trevo 2, respectively. Both studies established superior recanalization and safety 
rates with Solitaire and Trevo compared to older generation Merci devices  [16, 22, 23, 31, 32] .

  Another reason why the trials included in this analysis were so positive has to do with 
their incorporation of image-based patient selection to obtain more information about the 
relevant vasculature, location of the clot, extent of the core infarct size and salvageable tissue, 
prior to attempting clot retrieval. Some of the previous trials that attempted to compare 
endovascular treatment with IV tPA alone randomized patients into the endovascular arm 
prior to visualizing a LVO. The interventionalists who participated in the 6 MPRCTs pooled in 
this analysis only attempted clot retrieval when they knew there was a clot to retrieve and 
that the clot had not yet caused irreversible brain damage. Therefore, they had a significantly 
greater chance of avoiding futile intra-arterial intervention.

  Overall, the trials included in this pooled analysis demonstrated the importance of timely, 
efficient, effective and safe recanalization of LVO, while avoiding futile intra-arterial recanali-
zation  [6] . The results are generalizable to various worldwide populations, since the trials 
were globally conducted and not just localized to one particular geographical area. The trials 
were well interspersed geographically to cover major countries and continents (Canada, South 
Korea, Italy, the Netherlands, Australia, New Zealand, Spain, the United States). However, it 
should be noted that the proportion of stroke patients who are eligible for endovascular 
therapy, owing to the strict exclusion criteria, limits generalizability to the entire stroke popu-
lation as a whole. Further investigation is needed on how endovascular applicability can be 
enhanced to include a higher ratio of stroke patients and improve overall generalizability.

  Conclusion 

 It is evident from the results of the 6 major MPRCTs (MR CLEAN, EXTEND IA, ESCAPE, 
SWIFT PRIME, REVASCAT and THERAPY) that a redefinition of guidelines and recommenda-
tions on LVO-related AIS treatment is warranted. This pooled analysis showed that fast and 
effective endovascular reperfusion along with IV tPA in appropriately selected patients with 
small to moderate ischemic core volume, and significantly salvageable brain tissue leads to 
better functional independence at 90 days when compared with IV tPA alone. Based on these 
results, it seems appropriate to suggest that endovascular clot retrieval should be part of the 
new standard of care for the treatment of ischemic stroke due to LVO.
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