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Abstract

The data of the nationwide prospective registry of acute cerebral large vessel occlusion (LVO; RESCUE-
Japan Registry) were analyzed to know the effect of edaravone, a free radical scavenger, on clinical out-
come at 90 days after onset. In this registry, patients with acute cerebral LVO admitted within 24 h after 
onset were prospectively registered. The effect of various factors including endovascular treatment (EVT), 
intravenous recombinant tissue plasminogen activator (IV rt-PA), and other medication including edara-
vone on favorable outcome (modified Rankin scale 0–1) was analyzed. Of the 1,454 registered patients, 
1,442 patients (99.2%) had the information of edaravone were analyzed. In total, edaravone group had 
more patients with favorable outcome compared to non-edaravone group (22.9% vs. 13.8%, p = 0.0006). 
Edaravone increased favorable outcome in patients treated with IV rt-PA (29.4% vs. 11.1%, p = 0.0107), 
but not with EVT (21.2% vs. 13.9%, p = 0.309). Logistic regression analysis revealed that higher National 
Institutes of Health Stroke Scale (NIHSS) score on admission [odds ratio (OR) 0.875, 95% confidence 
interval (CI) 0.858–0.894] and advanced age (OR 0.963, 95%CI 0.952–0.975) were significantly related 
to unfavorable outcome. In contrast, IV rt-PA (OR 2.489, 95%CI 1.867–3.319), EVT (OR 1.375, 95%CI 
1.013–1.865), and edaravone (OR 1.483, 95%CI 1.027–2.143) were significantly associated with favorable 
outcome. This analysis indicated that IV rt-PA, EVT, and edaravone were effective to obtain favorable 
outcome in patients with acute LVO. Combination IV rt-PA with edaravone was more effective.
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Introduction

although the introduction of intravenous admin-
istration of recombinant tissue plasminogen acti-
vator (iV rt-Pa) has had a significant impact on 
the treatment of acute ischemic stroke (aiS), the 
rate of early recanalization of the occluded large 
vessel, which reportedly correlates with better 
clinical outcomes, appears low.1–3) Endovascular 
treatment (EVT), such as mechanical thrombec-
tomy, has been associated with a higher rate of 
reperfusion,4–6) but recent randomized, controlled 
trials have failed to confirm its clinical efficacy 

compared to iV t-Pa or standard care.7–9) 
Edaravone (Tanabe Mitsubishi Pharma corporation, 

Tokyo), a free radical scavenger and a neuroprotectant, 
was approved in japan for the treatment of aiS 
within 24 h of onset to improve the neurological 
symptoms, disorders of activities of daily living, and 
functional outcomes.10) The japanese guidelines for 
the management of stroke 2009 suggest edaravone 
for acute stroke as a grade B recommendation. 
Therefore, it is now widely used for acute stroke 
in japan.11,12) however, there are few reports avail-
able showing the efficacy of edaravone in aiS due 
to large vessel occlusion (LVo).11,12)

in the present study, the data of this nationwide 
registry of acute cerebral LVo, rEScuE-japan received august 3, 2014; accepted November 10, 2014

Neurol Med Chir (Tokyo) 55, 241–247, 2015

241

REVIEW ARTICLE doi: 10.2176/nmc.ra.2014-0219

online February 20, 2015



Y. Miyaji et al.242

Neurol Med Chir (Tokyo) 55, March, 2015

registry,13) were analyzed to know the effect of 
edaravone administration and other treatments on 
favorable outcome at 90 days after onset.

Materials and Methods

rEScuE-japan registry covered all patients with 
acute stroke due to LVo who were admitted in 84 
participating medical centers within 24 h after onset 
between 1 july 2010 and 30 june 2011.13) Medical 
information of the patients were anonymized and 
registered prospectively through a website (http://
www.rescue-japan.jp). in the present study, patient 
background and factors related to treatment and 
outcomes were analyzed such as baseline National 
institutes of health Stroke Scale (NihSS) score; 
modified rankin scale (mrS) score 3 months after 
onset; and treatments including iV rt-Pa, EVT, 
and medications including edaravone, antiplatelet, 
and anticoagulation. The study protocol was 
approved by local institutional review committee 
in each hospital, and its protocol was registered 
(university hospital Medical information Network: 
uMiN000003412). of the 1,454 registered patients, 
1,442 patients (99.2%) had the information of 
edaravone were analyzed.

I. Neurological evaluation
NihSS score was evaluated on admission, 1 h 

after bolus injection of rt-Pa, immediately after 
EVT, 24 (± 8) h after onset, and 7 (± 2) days 
after onset.

II. Computed tomography (CT) and magnetic 
resonance imaging (MRI)

all patients underwent repeated cT or Mri with 
Mr angiography at 24 (± 8 ) h after onset, except for 
patients admitted within 16–24 h after onset. in this 
subanalysis, the applied version for diffusion-weighted 
image (dwi) of the alberta Stroke Program Early cT 
Score (aSPEcTS) was used to evaluate early ischemic 
change.14) intracranial hemorrhage was diagnosed on 
the cT or Mri performed at 24 (± 8) h after onset.

III. IV rt-PA
iV rt-Pa was performed as the first-line treat-

ment within 3 h of symptom onset, in accordance 
with the standard protocol in japan (0.6 mg/kg 
dose, 10% bolus, 90% continuously infused over 
60 min).

IV. EVT
EVT was performed basically for iV-rtPa-failed 

or ineligible patients within 8 h after onset. EVT 
was defined as intra-arterial (ia) catheter proce-

dures such as clot removal/aspiration, balloon 
angioplasty, stenting, and ia thrombolysis using 
a microcatheter. 

V. Edaravone
Edaravone (30 mg) was administrated by intra-

venous drip infusion over 30 min on the day of 
admission basically according to the guideline. From 
the next day, edaravone was given in the morning 
and evening for 7 days.

VI. Evaluation of clinical outcome
Patient outcomes were evaluated using the mrS 

on admission and 90 (± 10) days after onset. in 
this subanalysis, a favorable outcome was defined 
as an mrS score of 0-1, and a poor outcome as an 
mrS score of 3–6.

VII. Statistical analysis
Statistical analysis was performed using SPSS 

version 18 (SPSS, chicago, illinois, uSa). Multi-
variate logistic regression was used to calculate 
ors and 95%cis after controlling simultaneously 
for potential confounders. Variables considered in 
the models were age, sex, baseline NihSS, baseline 
serum creatinine, baseline serum glucose, hyper-
lipidemia, congestive heart failure, statin treatment 
before onset, iV rt-Pa, EVT, edaravone, antiplatelet, 
and anticoagulation after onset.

Results

I. Backgrounds and characteristics of patients
of the 1,454 registered patients, 1,442 patients 

(99.2%) had the information of edaravone were 
analyzed in this study. among them, 1,129 patients 
received edaravone treatment (edaravone group) and 
313 did not (non-edaravone group).

Patient backgrounds in these two groups are 
shown in Table 1. There were significant differences 
between the groups. For example, edaravone group 
had younger patients (73.2 ± 11.9 vs. 76.9 ± 12.0, 
p < 0.001), more hyperlipidemia (21.1% vs. 14.4%, 
p = 0.008), less congestive heart disease (10.1% 
vs. 17.9%, p < 0.001), and lower serum creatinine 
(0.8 ± 0.5 vs. 1.4 ± 4.1, p < 0.001) compared to the 
non-edaravone group. 

on the other hand, there was no significant differ-
ence in baseline NihSS score (15.5 ± 8.3 vs. 15.9 
± 9.4, p = 0.485), in aSPEcTS-dwi score (7.1 ± 
2.8 vs. 6.9 ± 3.1, p = 0.298), occluded vessel (p = 
0.264), or stroke subtypes (p = 0.413).

II. Effect of edaravone on clinical outcome
First, the overall outcome in the edaravone and 
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Table 1 Patient characteristics of the edaravone and non-edaravone groups

Edaravone group
N = 1,129

Non-edaravone group
N = 313 p value

age, years 73.2 ± 11.9 76.9 ± 12.0 < 0.001

female 44.2% 43.1% 0.736

hypertension 57.8% 52.7% 0.106

diabetes 19.6% 19.5% 0.973

hyperlipidemia 21.1% 14.4% 0.008

congestive heart disease 10.1% 17.9% < 0.001

coronary artery disease 8.3% 9.6% 0.482

atrial fibrillation 46.9% 45.4% 0.621

Smoking 14.5% 12.5% 0.352

creatinine, mg/dL 0.8 ± 0.5 1.4 ± 4.1 < 0.001

Baseline NihSS, points 15.5 ± 8.3 15.9 ± 9.4 0.485

*aSPEcTS-dwi, points 7.1 ± 2.8 6.9 ± 3.1 0.298

occluded vessel

 middle cerebral artery 53.1% 51.8% 0.264

 internal carotid artery 29.2% 27.2%

 basilar artery 7.1% 6.1%

Stroke subtype

 cardiogenic 71.2% 72.5% 0.413

 atherothrombotic 19.9% 20.9%

intracranial hemorrhage 21.8% 17.4% 0.105

*: aSPEcTS-dwi: alberta Stroke Program Early cT Score for diffusion-weighted image, cT: 
computed tomography, NihSS: National institutes of health Stroke Scale.

Fig. 1 Effect of edaravone treatment 
on the overall clinical outcome. 
The edaravone group had more 
patients with favorable outcome 
compared to non-edaravone group 
(22.9% vs. 13.8%, p = 0.0006). On 
the other hand, the edaravone group 
had less number of patients with 
poor outcome (34.2% vs. 44.2%, 
p = 0.038).

non-edaravone groups was compared (Fig. 1). The 
edaravone group had more patients with favorable 
outcome compared to the non-edaravone group 
(22.9% vs. 13.8%, p = 0.0006). on the other hand, 
the edaravone group had less number of patients 
with poor outcome (34.2% vs. 44.2%, p = 0.038).

Next, the effect of edaravone on clinical outcome 
with the patients treated with iV rt-Pa or EVT 
was investigated. Edaravone increased favorable 
outcome in the patients treated with iV rt-Pa (29.4% 

vs. 11.1%, p = 0.0107, Fig. 2), but not with EVT 
(21.2% vs. 13.9%, p = 0.309, Fig. 3).

III. Predictive factors of favorable outcome by 
multivariate analysis

we investigated predictive factors of favorable 
outcome. Multivariate logistic regression analysis 
showed that 1-point increase in baseline NihSS 
significantly decreased favorable outcome (or 0.885, 
95%ci 0.864–0.906, Fig. 4). one year increase in 
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iV rt-Pa and EVT, anticoagulation after onset and 
statin before onset. Thus, edaravone treatment might 
be effective to increase favorable outcome in the 
patients with acute LVo.

Edaravone (radicut®) is a free radical scavenger 
marketed as a neurovascular protective agent in 
japan for the treatment of patients with aiS, who 
present within 24 h of the onset of symptoms.11,12) 
Edaravone was approved for the treatment of aiS 
in japan in 2001, and it was recommended by 
the american heart association in the guidelines 
for the early management of adults with aiS15) 
although it has not been approved for aiS in 
western countries.12) 

in the present study, edaravone treatment was more 
effective for the patients treated by iV rt-Pa than 
those by EVT. The reason for the difference is still 
unknown, but edaravone may enhance recanalization 
in patients with aiS, who received thrombolytic 
treatment using alteplase,11) or reduce secondary 
damage of the brain by free radical due to LVo 
itself or reperfusion by iV rt-Pa or EVT. recently, 
Naritomi et al. reported another phenomenon that 
edaravone treatment for up to 14 days suppresses 

age and 1 mg/dL increase in baseline glucose also 
decreased favorable outcome.

in contrast, iV rt-Pa and EVT significantly increased 
favorable outcome (iV rt-Pa: or 2.005, 95%ci 
1.461–1.535, EVT: or 1.524, 95%ci 1.089–2.132). 
it was shown that edaravone significantly increased 
favorable outcome (or 1.649, 95%ci 1.052–2.586) 
as well as statin before onset and anticoagulation 
after onset (Fig. 4).

Discussion

in the present study, edaravone administration 
was effective to increase favorable outcome of the 
patients with acute LVo. Edaravone treatment was 
especially effective for the patients treated with iV 
rt-Pa. however, patient background showed that 
the edaravone group had more hyperlipidemia and 
the non-edaravone group had more congestive heart 
disease and higher serum creatinine. These differ-
ences might influence the results in the present 
study. Then, we performed multivariate logistic 
regression analysis. it showed edaravone was one 
of the independent predictive factors as well as 

Fig. 2 Effect of edaravone 
on clinical outcome in the 
patients treated with an intra-
venous recombinant tissue 
plasminogen activator (IV 
rt-PA). Edaravone significantly 
increased favorable outcome 
in the patients treated with IV 
rt-PA (29.4% vs. 11.1%, p =  
0.0107).

Fig. 3 Effect of edaravone 
on clinical outcome in the 
patients treated with an endo-
vascular treatment (EVT). The 
edaravone group tended to 
have more favorable outcome 
in the patients treated with 
EVT, but it was not significant 
(21.2% vs. 13.9%, p = 0.309).
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the progression of disuse muscle atrophy and 
improves leg locomotor function to a greater extent 
than short-term treatment in acute stroke patients.16) 

it was also reported that edaravone reduced intrac-
ranial hemorrhage.17) it was shown that edaravone 
suppresses rt-Pa induced MMP-9 upregulation and 
hemorrhage and protect dissociation of the neuro-
vascular unit after thrombolysis and reperfusion 
using rat transient brain ischemia model.18,19) in 
the present study, there was no significant differ-
ence between the groups in terms of hemorrhage. 
kimura et al. reported that simultaneous admin-
istration of edaravone and rt-Pa should enhance 
early recanalization.11) Various timings of edaravone 
administration in this study might be the reason 
for ineffectiveness in the reduction of intracranial 
hemorrhage on the next day cT or Mri, or hemor-
rhage caused by EVT might have influenced in the 
present study.

There were some limitations of this study. as 
shown in the beginning of the discussion, this is 

an observational study, so difference in patient 
background such as higher serum creatinine, more 
number of advanced age, and congestive heart 
disease in non-edaravone group might have influ-
enced the clinical results, because edaravone has 
a protective effects in the heart in experimental 
studies.20)

in conclusion, analysis of prospective registry of 
acute LVo in japan suggested several predictive 
factors of favorable outcome including edaravone 
administration. To know the real effect of each 
treatment in the patients with aiS, randomized 
controlled trials should be performed in the near 
future.
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Fig. 4 Multivariate logistic regression analysis. Odds ratios for modified Rankin scale score 90-day after stroke 
onset. IV rt-PA, EVT, edaravone, anticoagulation, and statin before onset were predictive factors of favorable 
outcome. In contrast, higher baseline NIHSS, age, and glucose were unfavorable factors. CI: confidence interval, 
EVT: endovascular treatment, IV rt-PA: intravenous recombinant tissue plasminogen activator, NIHSS: National 
Institutes of Health Stroke Scale, OR: odds ratio.



Y. Miyaji et al.246

Neurol Med Chir (Tokyo) 55, March, 2015

Conflicts of Interest Disclosure

This study was partly funded by a grant from 
SENShiN Medical research Foundation. The authors 
have no personal, financial, or institutional interest 
in any of the drugs or devices discussed in the 
article. The fourth author who is a member of the 
japanese Society for Neuroendovascular Therapy 
(jSNET) and other authors who are the members of 
the japan Neurosurgical Society (jNS) have registered 
online self-reported coi disclosure Statement Forms 
through the members of each society.

References

 1) Lee kY, han Sw, kim Sh, Nam hS, ahn Sw, kim 
dj, Seo Sh, kim di, heo jh: Early recanalization 
after intravenous administration of recombinant 
tissue plasminogen activator as assessed by pre- and 
post-thrombolytic angiography in acute ischemic 
stroke patients. Stroke 38: 192–193, 2007

 2) rha jh, Saver jL: The impact of recanalization on 
ischemic stroke outcome: a meta-analysis. Stroke 
38: 967–973, 2007

 3) ribo M, alvarez-Sabín j, Montaner j, romero F, 
delgado P, rubiera M, delgado-Mederos r, Molina 
ca: Temporal profile of recanalization after intra-
venous tissue plasminogen activator: selecting 
patients for rescue reperfusion techniques. Stroke 
37: 1000–1004, 2006

 4) Smith wS, Sung g, Starkman S, Saver jL, kidwell 
cS, gobin YP, Lutsep hL, Nesbit gM, grobelny T, 
rymer MM, Silverman iE, higashida rT, Budzik 
rF, Marks MP; MErci Trial investigators: Safety 
and efficacy of mechanical embolectomy in acute 
ischemic stroke: results of the MErci trial. Stroke 
36: 1432–1438, 2005

 5) Smith wS, Sung g, Saver j, Budzik r, duckwiler g, 
Liebeskind dS, Lutsep hL, rymer MM, higashida 
rT, Starkman S, gobin YP; Multi MErci inves-
tigators, Frei d, grobelny T, hellinger F, huddle 
d, kidwell c, koroshetz w, Marks M, Nesbit g, 
Silverman iE: Mechanical thrombectomy for acute 
ischemic stroke: final results of the Multi MErci 
trial. Stroke 39: 1205–1212, 2008

 6) Penumbra Pivotal Stroke Trial investigators: The 
penumbra pivotal stroke trial: safety and effective-
ness of a new generation of mechanical devices for 
clot removal in intracranial large vessel occlusive 
disease. Stroke 40: 2761–2768, 2009

 7) Broderick jP, Palesch YY, demchuk aM, Yeatts Sd, 
khatri P, hill Md, jauch Ec, jovin Tg, Yan B, Silver 
FL, von kummer r, Molina ca, demaerschalk BM, 
Budzik r, clark wM, Zaidat oo, Malisch Tw,  
goyal M, Schonewille wj, Mazighi M, Engelter ST, 
anderson c, Spilker j, carrozzella j, ryckborst kj, 
janis LS, Martin rh, Foster Ld, Tomsick Ta; inter-
ventional Management of Stroke (iMS) iii investiga-

tors: Endovascular therapy after intravenous t-Pa 
versus t-Pa alone for stroke. N Engl J Med 368: 
893–903, 2013

 8) ciccone a, Valvassori L; SYNThESiS Expansion 
investigators: Endovascular treatment for acute 
ischemic stroke. N Engl J Med 368: 2433–2434, 
2013

 9) kidwell cS, jahan r, gornbein j, alger jr, Nenov V, 
ajani Z, Feng L, Meyer Bc, olson S, Schwamm 
Lh, Yoo aj, Marshall rS, Meyers PM, Yavagal dr, 
wintermark M, guzy j, Starkman S, Saver jL; Mr 
rEScuE investigators: a trial of imaging selection 
and endovascular treatment for ischemic stroke. N 
Engl J Med 368: 914–923, 2013

 10) Edaravone acute infarction Study group: Effect of 
a novel free radical scavenger, edaravone (Mci-186), 
on acute brain infarction. randomized, placebo-
controlled, double-blind study at multicenters. 
Cerebrovasc Dis 15: 222–229, 2003

 11) kimura k, aoki j, Sakamoto Y, kobayashi k, Sakai 
k, inoue T, iguchi Y, Shibazaki k: administration 
of edaravone, a free radical scavenger, during t-Pa 
infusion can enhance early recanalization in acute 
stroke patients—a preliminary study. J Neurol Sci 
313: 132–136, 2012

 12) kikuchi k, Miura N, kawahara ki, Murai Y, Morioka 
M, Lapchak Pa, Tanaka E: Edaravone (radicut), 
a free radical scavenger, is a potentially useful 
addition to thrombolytic therapy in patients with 
acute ischemic stroke. Biomed Rep 1: 7–12, 2013

 13) Yoshimura S, Sakai N, okada Y, kitagawa k, 
kimura k, Tanahashi N, hyogo T, Yamagami h, 
Egashira Y; recovery by Endovascular Salvage for 
cerebral ultra-acute Embolism (rEScuE)-japan 
registry investigators: Efficacy of endovascular 
treatment for acute cerebral large-vessel occlu-
sion: analysis of nationwide prospective registry. 
J Stroke Cerebrovasc Dis 23: 1183–1190, 2014

 14) hirai T, Sasaki M, Maeda M, ida M, katsuragawa 
S, Sakoh M, Takano k, arai S, hirano T, kai Y, 
kakeda S, Murakami r, ikeda r, Fukuoka h, Sasao 
a, Yamashita Y; acute Stroke imaging Standardi-
zation group-japan (aSiST-japan) investigators: 
diffusion-weighted imaging in ischemic stroke: 
effect of display method on observers’ diagnostic 
performance. Acad Radiol 16: 305–312, 2009

 15) adams hP, del Zoppo g, alberts Mj, Bhatt dL, Brass 
L, Furlan a, grubb rL, higashida rT, jauch Ec, 
kidwell c, Lyden Pd, Morgenstern LB, Qureshi ai, 
rosenwasser rh, Scott Pa, wijdicks EF; american 
heart association; american Stroke association Stroke 
council; clinical cardiology council; cardiovascular 
radiology and intervention council; atherosclerotic 
Peripheral Vascular disease and Quality of care 
outcomes in research interdisciplinary working 
groups: guidelines for the early management of 
adults with ischemic stroke: a guideline from the 
american heart association/american Stroke asso-
ciation Stroke council, clinical cardiology council, 



Predictive Factors in Acute Cerebral Large Vessel Occlusion 247

Neurol Med Chir (Tokyo) 55, March, 2015

Shimada k, Nagahiro S: Edaravone, a free radical 
scavenger, inhibits MMP-9-related brain hemorrhage 
in rats treated with tissue plasminogen activator. 
Stroke 40: 626–631, 2009

 19) Yamashita T, kamiya T, deguchi k, inaba T, Zhang 
h, Shang j, Miyazaki k, ohtsuka a, katayama Y, 
abe k: dissociation and protection of the neuro-
vascular unit after thrombolysis and reperfusion in 
ischemic rat brain. J Cereb Blood Flow Metab 29: 
715–725, 2009

20) kikuchi k, Tancharoen S, Takeshige N, Yoshitomi 
M, Morioka M, Murai Y, Tanaka E: The efficacy of 
edaravone (radicut), a free radical scavenger, for 
cardiovascular disease. Int J Mol Sci 14: 13909–13930, 
2013

Address reprint requests to: Shinichi Yoshimura, Md, 
Phd, department of Neurosurgery, hyogo college 
of Medicine, 1-1 Mukogawa, Nishinomiya, hyogo 
663-8501, japan.

  e-mail: shinichiyoshimura@hotmail.com

cardiovascular radiology and intervention council, 
and the atherosclerotic Peripheral Vascular disease 
and Quality of care outcomes in research interdis-
ciplinary working groups: the american academy 
of Neurology affirms the value of this guideline 
as an educational tool for neurologists. Stroke 38: 
1655–1711, 2007

 16) Naritomi h, Moriwaki h, Metoki N, Nishimura h, 
higashi Y, Yamamoto Y, Yuasa h, oe h, Tanaka k, 
Saito k, Terayama Y, oda Y, Tanahashi N, kondo 
h; MarVELouS (Muscular atrophy restraint with 
Vigilant Edaravone Long-term use after Stroke) Study 
group: Effects of edaravone on muscle atrophy and 
locomotor function in patients with ischemic stroke: 
a randomized controlled pilot study. Drugs RD 10: 
155–163, 2010

 17) Mori E, Minematsu k, Nakagawara j, Yamaguchi T, 
Sasaki M, hirano T; japan alteplase clinical Trial ii 
group: Effects of 0.6 mg/kg intravenous alteplase on 
vascular and clinical outcomes in middle cerebral 
artery occlusion: japan alteplase clinical Trial ii 
(j-acT ii). Stroke 41: 461–465, 2010

 18) Yagi k, kitazato kT, uno M, Tada Y, kinouchi T, 


