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The treatment of acute ischemic stroke (AIS) in the setting of intracranial large artery oc-
clusion (LAO) with intravenous tissue plasminogen activator (IV-tPA) is associated with low 
rates of recanalization and high rates of neurological morbidity and functional dependence. 
Endovascular intervention, particularly mechanical thrombectomy, is a promising therapeu-
tic adjunct to IV-tPA for the treatment of acute LAO. However, until recently, its efficacy 
has been controversial. In this brief review, we analyze the criticisms of three negative ran-
domized controlled trials (RCT) of endovascular stroke treatment and evaluate the results 
from seven positive endovascular stroke RCTs that have recently been presented or pub-
lished. IMS III, MR RESCUE, and SYTHESIS Expansion were three RCTs that failed to show a 
benefit from endovascular stroke therapy. Major criticisms of these studies included a lack 
of routine screening for LAO, resulting in the selection of AIS patients without LAO for en-
dovascular intervention, and a low utilization rate of modern endovascular thrombectomy 
devices, leading to substandard rates of successful recanalization. MR CLEAN was the first 
phase III RCT to show a significant clinical benefit from endovascular stroke therapy. The 
dissemination of its findings elicited a cascade of positive results from, to date, six addition-
al endovascular stroke RCTs, ESCAPE, EXTEND-IA, SWIFT PRIME, REVASCAT, THERAPY, and 
THRACE, which were halted prematurely for efficacy. The cumulative evidence from these 
studies shows an overwhelming benefit from the endovascular treatment of acute LAO, 
therefore effectively establishing a new standard of care for the management of AIS.
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Introduction

Acute ischemic stroke (AIS) secondary to intracranial larger 
artery occlusion (LAO) is associated with significantly worse 
outcome than in the absence of LAO. Intravenous recombinant 
tissue plasminogen activator (IV-tPA) has been shown to be ef-
fective up to 4.5 hours from stroke onset, but recanalization rates 
for LAO are notoriously poor. Endovascular intervention has 
been studied as a potential adjunct to IV-tPA for patients with 
acute LAO, but, until recently, its efficacy has been unproven. 

Thus, we aim to briefly review the critiques of the three negative 
endovascular stroke trials and analyze the results of seven recent-
ly completed trials of endovascular therapy for AIS.

Criticisms of failed endovascular stroke 
trials

IMS III,1 MR RESCUE,2 and SYNTHESIS Expansion3 were 
three multicenter, prospective, randomized controlled trials 
(RCT) which failed to show a benefit from endovascular inter-
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vention for AIS. Numerous concerns regarding various aspects 
of these trials were raised by the neurointerventional communi-
ty.4 First, only one of the three RCTs, MR RESCUE, routinely 
identified LAO with either computed tomography or magnetic 
resonance angiography (CTA or MRA, respectively). In IMS III, 
CTA was performed in only 47% of patients, and approximately 
20% of patients in the interventional arm either did not have a 
LAO or had an inaccessible, distally located thrombus. In SYN-
THESIS Expansion, approximately 10% of patients in the inter-
ventional arm did not have a LAO. 

Next, modern devices, such as retrievable stents (stentrievers) 
and the Penumbra System (Penumbra, Inc., Alameda, California, 
USA), were used in only a minority of patients. Stentrievers, such 
as the TREVO (Stryker Neurovascular, Fremont, California, 
USA) and Solitaire Flow Restoration (FR; ev3, Irvine, Califor-
nia, USA) devices, have been shown in RCTs, the TREVO 2 and 
SWIFT trials, respectively, to result in significantly better recana-
lization rates, faster reperfusion times, and better clinical out-
comes compared to the first generation Merci retriever (Stryker 
Neurovascular).5,6 However, stentrievers or the Penumbra, alone 
or in combination, were used in only 22%, 39%, and 19% of pa-
tients in the interventional arms of IMS III, MR RESCUE, and 
SYNTHESIS Expansion, respectively. The use of older, less ef-
fective endovascular technology resulted in significantly lower 
rates of successful recanalization, defined as Thrombolysis in Ce-
rebral Ischemia (TICI) grade 2b or 3, than those reported in 
RCTs and prospective or retrospective registries using stentriever 
devices. The rates of TICI 2b or 3 recanalization were 40% in 
IMS III, 27% in MR RESCUE, and not reported in SYNTHE-
SIS Expansion. Finally, patients in the interventional arm of 
SYNTHESIS Expansion were not administered IV-tPA, the use 
of which is supported by class I evidence, and were treated in a 
delayed fashion compared to the medical arm. 

Overview of successful endovascular 
stroke trials

Despite the aforementioned criticisms, IMS III, MR RESCUE, 
and SYNTHESIS Expansion significantly dampened the initial 
enthusiasm surrounding endovascular therapy for AIS. The tide 
began to turn with a recently published RCT, MR CLEAN, which 
compared endovascular therapy to best medical management, 
with or without IV-tPA, within six hours of stroke onset.7 MR 
CLEAN was the first phase III RCT to show a significant benefit 
from endovascular stroke therapy. Following the presentation the 
MR CLEAN results at the 2014 World Stroke Congress (Istanbul, 
Turkey), multiple ongoing endovascular stroke trials were halted 
for efficacy. The results from three RCTs, ESCAPE,8 EXTEND-

IA,9 and SWIFT PRIME,10 were initially presented at the 2015 In-
ternational Stroke Congress (Nashville, Tennessee, USA), with the 
concurrent publication of ESCAPE and EXTEND-IA. Recently, 
the results from three additional RCTs, REVASCAT,11 THERA-
PY,12 and THRACE,13 were presented at the 2015 European Stroke 
Organization Conference (Glasgow, UK), with the concurrent pub-
lication of SWIFT PRIME and REVASCAT. The key findings of 
all seven endovascular stroke trials, from MR CLEAN onward, 
are summarized in Table 1.

MR CLEAN had the least restrictive inclusion criteria of the 
seven studies. ESCAPE, SWIFT PRIME, and REVASCAT used 
the Alberta stroke program early computed tomography score 
(ASPECTS) and EXTEND-IA used perfusion imaging to ex-
clude patients with large core infarcts. THERAPY was the only 
study to use clot length to screen patients (minimum 8 mm for 
inclusion). The allowable time interval between stroke onset 
and intervention varied from 4.5 hours in THERAPY to 12 
hours in ESCAPE. MR CLEAN, ESCAPE, and REVASCAT in-
cluded patients outside of the 4.5-hours IV-tPA time window, 
whereas all patients in the control arms of EXTEND-IA, SWIFT 
PRIME, THERAPY, and THRACE received IV-tPA. Interven-
tion was performed very rapidly after stroke onset in all RCTs, 
and stentriever devices were used in 82% and 86% of the inter-
ventional arms of MR CLEAN and ESCAPE, respectively, and 
in 100% of the interventional arms of EXTEND-IA, SWIFT 
PRIME, and REVASCAT. This resulted in significantly higher 
TICI 2b or 3 recanalization rates in these studies compared to 
IMS III, MR RESCUE, and SYNTHESIS Expansion, although 
the rate of TICI 2b or 3 recanalization in MR CLEAN (59%) 
was relatively modest in the modern stentriever era. 

All studies, with the exception of THERAPY, showed a signifi-
cant improvement in the rate of functional independence (modi-
fied Rankin Scale score 0 to 2) at 90 days, with an absolute differ-
ence of 8%-31%. THERAPY was halted before a significant bene-
fit was observed in functional independence at 90 days (P= 0.52), 
but ordinal analysis showed significantly greater improvement in 
modified Rankin Scale for the interventional arm (P= 0.038). Al-
though every study, except REVASCAT, reported a decrease in 
mortality with endovascular treatment, the difference was only 
statistically significant in ESCAPE (absolute difference, 8.6%).

Some concerns were raised after presentation of the MR 
CLEAN results, regarding the modest rate of functional inde-
pendence at 90 days (33%, compared to 41% and 42% in the in-
terventional arms of IMS III and SYNTHESIS Expansion, re-
spectively) and the generalizability of a protocol limited to a sin-
gle country (Netherlands) with a uniform healthcare system to a 
country like the United States, which has a much more hetero-
geneous healthcare environment. However, virtually any initial 
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hesitation regarding the benefit of endovascular therapy for AIS 
from the MR CLEAN data has been quelled by concordant find-
ings from the six subsequent RCTs. A wealth of additional infor-
mation from these studies, including the detailed analyses of 
THERAPY and THRACE in their respective published manu-
scripts as well as pooled subgroup analyses, are forthcoming.

Conclusions

New evidence from MR CLEAN, ESCAPE, EXTEND-IA, 
SWIFT PRIME, REVASCAT, THERAPY, and THRACE has 
demonstrated an overwhelming benefit from endovascular in-
tervention, preferably with stentriever-mediated mechanical 
thrombectomy, for the treatment of AIS secondary to LAO. 
Thus, a new standard of care for AIS management has been es-
tablished. In order to provide our patients with the best avail-
able stroke care, cerebrovascular centers should seek to optimize 
workflow so that the appropriate patients can be rapidly imaged, 
selected for intervention, and triaged to the neurointerventional 
suite for endovascular therapy.
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