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Abstract

Endovascular recanalization for acute major cerebral artery occlusion is effective within a short time
after symptom onset. However, its efficacy in the elderly remains unknown. We assessed the efficacy of
our comprehensive stroke center’s reduction of this time in 28 consecutive patients for elderly patients
(defined as patients aged >75 years) with acute major cerebral artery occlusion treated with intrave-
nous injection of tissue plasminogen activator, followed by thrombus retrieval by endovascular therapy.
The patients were divided into groups according to whether they were treated before implementation
of the time reduction measure (from January 2012 to May 2014) or after (from June 2014 to May 2015).
The onset-to-door, onset-to-needle, onset-to-recanalization (O2R), door-to-image (D2I), door-to-needle
(D2N), door-to-puncture (D2P), door-to-recanalization (D2R), and puncture-to-recanalization time inter-
vals were compared between the two groups. There were 14 patients (including 8 elderly patients >80
years) before and 14 patients (including 10 elderly patients >80 years) after the time reduction measure.
The mean duration of each of the following time intervals was significantly reduced after the time reduction
measure (P < 0.05). To reduce the O2R time, the D2P time is the first time interval that can be reduced.
At our center, conferences were regularly held to raise awareness among staff and make specific changes in
the workflow, and overall time reduction was achieved. Similar results were obtained in elderly patients.
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Introduction

Endovascular recanalization therapy for acute
occlusion of major cerebral arteries is reportedly
associated with a high recanalization rate, and
reducing the time from symptom onset to recanali-
zation is important because time reduction affects
prognosis.! However, the efficacy of time reduc-
tion in elderly patients remains unknown. This
study evaluated the current status of a measure
aimed at reducing the time to recanalization at a
comprehensive stroke center and the effects of the
measure on treatment outcomes overall, including
elderly patients.
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Materials and Methods

Participants included in the analyses were 42
consecutive patients (including 28 elderly patients
>75 years) with acute occlusion of major cerebral
arteries who were treated with intravenous (IV) injec-
tion of tissue plasminogen activator (t-PA) within
4.5 hours of stroke onset, followed by retrieval of
the thrombus by endovascular therapy during the
period in which the Penumbra System® was intro-
duced, from January 2012 to May 2015.

The patients were divided into two groups according
to whether they were treated before the start of
the time reduction measure (from January 2012 to
May 2014) or after (from June 2014 to May 2015).
The onset-to-door (02D), onset-to-needle (O2N),
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onset-to-recanalization (O2R), door-to-image (D2I),
door-to-needle (D2N), door-to-puncture (D2P), door-to-
recanalization (D2R), and puncture-to-recanalization
(P2R) time intervals were statistically compared
and analyzed between the two groups for elderly
patients, defined as aged >75 years.

In addition, these two groups were also compared
and analyzed for sex; age; stroke severity at onset
(using the National Institutes of Health Stroke Scale
[NIHSS] score); modified Alberta Stroke Program Early
Computed Tomography Score (ASPECTS + W) on
diffusion-weighted imaging (DWI) before treatment;?
the presence or absence of hypertension, diabetes
mellitus, or atrial fibrillation; stroke type; proportion
of patients with symptomatic intracranial hemorrhage
(sICH) who showed a worsened NIHSS score by >4
points 36 hours after onset; the frequency of the use
of equipment; location of occluded blood vessels;
degree of recanalization (using the Thrombolysis in
Cerebral Infarction [TICI] grade);® and outcomes at
the time of discharge and 90 days after onset (using
the modified Rankin scale [mRS]). The proximal
occlusion was defined as proximal occlusion of the
internal carotid (IC) and middle cerebral (M1 proximal
and distal) arteries.? Successful recanalization was
defined as procedural success with TICI grade 2B
to 3. As for outcomes, functional independence was
defined as an mRS score of 0-2 and good outcome
as mRS score of 0-3.9

It should be noted that, in all cases at the time
that stent retrievers were used for procedures,
the Penumbra 5MAX® (Medicos Hirata, Japan) or
Penumbra ACE® (Medicos Hirata, Japan) was used
as combined aspiration and stent retrieval technique
for thrombectomy.?

Development of the time-reducing program at
our hospital

The first step for admission to our stroke center
is that a request for patient admission is received
through the Stroke Care Unit hotline. After the
patient’s arrival, establishment of vascular accesses
for infusion and blood collection is first simultane-
ously performed. Then, the patient is transferred
to the radiology suite for chest radiography and
to the computed tomography (CT) suite for a head
CT. When hemorrhagic diseases are ruled out by
head CT, the patient is temporarily brought back to
the emergency room. A nurse examines the patient
using a checklist to determine the appropriateness of
magnetic resonance imaging (MRI). Subsequently, the
patient is transferred to the MRI suite and examined.
Because the MRI suite is located in the basement
of the outpatient emergency department, the use of
an elevator is necessary to transfer a patient from

the emergency room, located on the first floor, to the
MRI suite. When IV t-PA injection is indicated, the
patient is brought back to the emergency room on
the first floor. Then, the patient’s body weight is
measured, and the t-PA is prepared. The patient
stays in the emergency room for 1 hour after the
start of IV t-PA injection. If IV t-PA injection is
ineffective, the patient is transferred to the cerebral
angiography suite, which is located on the opposite
side of the corridor from the emergency room, and
preparation for endovascular therapy is begun.
This workflow was examined for possible time-
reduction measures. Whenever a patient was treated
according to this workflow, the clinical course was
reviewed, and revisions necessary for time reduc-
tion were applied to the workflow after each case.

Implemented revisions

Regarding blood collection after patient arrival, we
decided that only items necessary for determining the
applicability of IV t-PA injection (eg, platelet count,
prothrombin time, and blood glucose) would be first
ordered separately. Regarding workflow changes,
we decided that CT scans would be continuously
performed from the head to trunk to rule out aortic
dissection at the process of plain CT, and chest
radiography was omitted. Moreover, changes were
made so that IV t-PA injection would be prepared
as soon as it was determined to be indicated by
measuring the patients’ body weight before they
were transferred to the MRI suite for head MRI. The
imaging sequence for head MRI was also reviewed.
After the time-reduction measure, we decided that
imaging would be performed in the following order:
DWI, magnetic resonance angiography (MRA), fluid-
attenuated inversion recovery (FLAIR) MRI, T,-weighted
MRI*, T,-weighted MRI, and T,-weighted MRI, and
that, whenever IV t-PA injection was determined
to be indicated, MRI would be discontinued even
before the completion of the imaging sequence. For
patients with occluded major arteries, we decided to
transfer the patient to the angiography suite while
injecting t-PA, or to inject t-PA while the patient
was in the angiography suite. We also decided that,
before patients were transferred to the angiography
suite, a few vascular accesses for infusion would be
established so that intubation and sedative therapy
could be performed without delay, even in patients
who could not stay still or had difficulty in staying
still (e.g., those with lesions in the left side and those
who were agitated and severely restless) (Table 1).

Regarding statistical analyses, the %? test or Fisher’s
exact test was performed to compare patient character-
istics. Among them, NIHSS, ASPECTS + W, and mRS
scores were compared by the Mann-Whitney U-test.
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Table 1 Implemented revisions of the time-reducing
program at our hospital

Work flow Pre-time Post-time
changes reduction reduction
Blood Order the items Separate order
collection necessary for only the minimum
hospitalization necessary ones for
in a single the judging of IV t-PA
enforcement
CT usage The patient is  Continuously
transferred to  performed from the
the radiology ~ head to trunk at the
suite for chest process of plain CT
radiography
and to the
CT suite for
head CT
MRI protocols  Performed all ~ Performed in the order
in the order of  of DWI MRA FLAIR
DWIFLAIRT, T, T, T, Itends when
T, T, MRA it is determined that
the adaptation of t-PA
administered
Timing of After Before transferred to
measurement  transferred to the MRI suite
of body weight the MRI suite

After the start

Stays in the

Moves while

of IV t-PA emergency administration t-PA, or
injection room for 1 hour t-PA administered in a
angiography suite
Securing Not specified Before transferred
vascular to the angiography
access suite, a few vascular

accesses would be
established

Moreover, the Student t-test was used to compare
time intervals. For all analyses, a P value of less
than 0.05 was considered to indicate a significant
difference.

Results

There were 130 patients who experienced acute
cerebral infarction during the study period. Of
those, 72 patients underwent IV t-PA alone, and
42 underwent acute recanalization therapy with
endovascular treatment in addition to IV t-PA. There
were 26 patients who underwent acute recanalization
therapy, without IV t-PA. There were 24 patients
with functional independence and 33 patients with
good outcomes who underwent IV t-PA therapy
alone at discharge. For patients undergoing acute
recanalization therapy with endovascular treatment
in addition to IV t-PA, the successful recanalization
rate was 50%, and there were 8 patients with func-
tional independence and 14 patients at discharge.
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For patients undergoing acute recanalization therapy
with endovascular treatment without IV t-PA, the
successful recanalization rate was 68.4%, and there
were 2 patients with functional independence and
5 patients at discharge. For patients undergoing acute
recanalization therapy, the Penumbra System® alone
was used in 28 cases and a stent retriever with the
Penumbra System® was used in 16 cases. In acute
ischemic stroke due to occlusions in the proximal
anterior intracranial circulation, the successful reca-
nalization rate using the Penumbra System® alone
was 57%, and the mRS score at discharge for these
patients was 14%. The effective recanalization rate
for a stent retriever with the Penumbra System®
was 100%, and with respect to outcomes, the mRS
score at discharge was 28%.

Patient characteristics for elderly patients aged
>75 years underwent acute recanalization therapy
with endovascular treatment in addition to IV t-PA
therapy are shown in Table 2.

The pre-time-reduction group included 14 elderly
patients (included 8 elderly patients aged >80 years),
while the post-time-reduction group included 14 elderly
patients (included 10 elderly patients aged >80 years).
The mean age was 80.9 years in the pre-time-reduction
group and 82.2 years in the post-time-reduction group,
which was not significantly different. Regarding sex,
the pre-time-reduction group included 7 men and 7
women, while the post-time-reduction group included
6 men and 8 women. No significant difference was
observed with respect to sex distribution between the
two groups. Hypertension was observed in 7 elderly
patients in the pre-time-reduction group and in 10
elderly patients in the post-time-reduction group;
diabetes mellitus was observed in 3 and 4 elderly
patients, respectively; and atrial fibrillation in 10
and 7 elderly patients, respectively. No significant
differences were observed in the prevalence of these
diseases between the two groups.

Regarding the type of cerebral infarction, the
pre-time-reduction group included 12 cases of
cardiogenic embolism and 2 cases of brain embolism
of unknown cause, while the post-time-reduction
group included 13 cases of cardiogenic embolism
and 1 case of atherothrombosis, which was not
significantly different.

The occlusion sites are shown in Table 3. The
pre-time-reduction group included 5 cases involving
the internal carotid artery, 3 involving the middle
cerebral artery (M1 proximal), 1 involving the middle
cerebral artery (M1 distal), 4 involving the basilar
artery, while the post-time-reduction group included
4 cases involving the internal carotid artery, 4
involving the middle cerebral artery (M1 proximal),
3 involving the middle cerebral artery (M1 distal),
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Table 2 Characteristics of elderly patients aged >75
years before and after the time reduction measure

Before time After time
reduction reduction
measure measure P value
N: 14 N= 14
Mean age 80.9 (+3.9) 82.2 (x6.1)
(standard deviation)
Sex (men) 7 (50%) 6 (43%) 1
Hypertension 7 (50.0%) 10 (71.4%) 0.4401
(present)
Diabetes mellitus 3(21.4%) 4 (28.6%) 1
(present)
Atrial fibrillation 10 (71.4%) 7 (50.0%) 0.4401
(present)
Median NIHSS 25.5 (8—38) 20 (12—40) 0.5194

score (range)

Occlusion site (IC 10 (71.4%)

and M1 proximal,

10 (71.4%) 0.114

distal)

Median ASPECTS + 8 (3-11) 7.5 (3-11) 0.8586
W (range)

Recanalization level 2 (20.0%) 11 (78.6%) 0.0111*
(TICI 2B and 3)

Symptomatic ICH 3(21.4%) 3(21.4%) 1
90 days modified 0 (0%) 3(21.4%) 0.2222
RS (£2)

90 days modified 2 (15.4%) 7 (50.0%) 0.1032
RS (£3)

*P < 0.05

ASPECTS + W: Alberta Stroke Program Early Computed
Tomography Score, ICA: Internal Carotid Artery, Symp-
tomatic ICH: Symptomatic intracerebral hemorrhages, mRS:
modified Rankin Scale, NIHSS: National Institutes of Health
Stroke Scale, TICI: Thrombolysis in Cerebral Infarction.

Table 3 Comparison between before and after the time
reduction measure of occlusion site for elderly patients
aged 275 years

Before time reduction  After time reduction

measure measure
N=14 N=14
BA 4 0
IC 5 4
Mip 3 4
M1d 1 3
M2 0 2
M2, A2 0 1

AZ2: anterior cerebral artery A2 segment, BA: Basilar Artery,
ICA: Internal Carotid Artery, M1d: middle cerebral artery M1
distal segment, M1p: middle cerebral artery M1 proximal
segment.

2 involving the middle cerebral artery (M2), and 1
involving the anterior cerebral artery (A2) and middle
cerebral artery (M2).

The Penumbra System® alone was used in 7 cases
(50.0%) and none of the cases used a stent retriever
with the Penumbra System® in the pre-time-reduction
group, and the Penumbra System® was alone used
in 5 cases (35.7%) and a stent retriever with the
Penumbra System® was used in 8 cases (57.1%) in
the post-time-reduction group.

The median NIHSS score before onset was 25.5 in
the pre-time-reduction group and 20.0 in the post-
time-reduction group, which was not significantly
different. Successful recanalization was performed for
2 elderly patients in the pre-time-reduction group and
11 elderly patients in the post-time-reduction group,
which was significantly different. The proximal occlu-
sion site was observed in 10 elderly patients in the
pre-time-reduction group and in 10 elderly patients
in the post-time-reduction group. No significant
difference was observed between the two groups.

The mean duration of each of the following time
intervals was significantly reduced: from 64 to 39
minutes for D2I, from 115 to 82 minutes for D2N,
from 186 to 125 minutes for D2P, from 320 to 220
minutes for D2R, and from 379 to 290 minutes
for O2R (P < 0.005). Moreover, the P2R time was
reduced from 134 to 94 minutes (Fig. 1).

The outcomes are shown in Fig. 2. Although
none of the patients in the pre-time-reduction group
had functional independence and there were 2
patients with good outcomes, there were 3 patients
with functional independence and 7 patients with
good outcomes in the post-time-reduction group at
90 days after onset. Although the difference at 90
days after onset was not statistically significant,
improvement was observed.

Discussion

The measure aimed at reducing the time to reca-
nalization at our center resulted in significant
reduction in the D2P time for patients of all ages,
including elderly patients aged >75 years and
>80 years, whereas no difference was observed in
the P2R time.

When treatment outcomes were compared between
the pre- and post-time-reduction groups, although
the difference at 90 days after onset was not statisti-
cally significant, improvement was observed.

Overseas randomized controlled trials”'? include
both those without an upper limit for age and those
with an exclusion criterion of patients aged =80
years. For example, in the Third Interventional
Management of Stroke (IMS III) trial,® eligible
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Fig. 1 Comparison of time intervals before and after the time reduction measure in elderly patients aged >75 years:
The mean duration of each time interval between the arrival of a patient and puncture was significantly
reduced after the measures were implemented, whereas no difference was observed in the P2R time.
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Fig. 2 Distribution of functional scores at 90 days: Although the difference at 90 days after onset was not statistically
significant, improvement was observed.
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patients were limited to those aged <82 years. In the
Solitaire with the Intention for Thrombectomy as
Primary Endovascular Treatment for Acute Ischemic
Stroke (SWIFT PRIME) trial,'? the eligibility age is
limited to <80 years. According to a meta-analysis
of studies reported between 1990 and 2012 that
compared outcomes of endovascular therapy for
acute cerebral infarction by age (=80 years vs <80
years),'® the younger group included significantly
more patients with favorable outcomes (mRS 0-2)
at 90 days (odds ratio [OR], 2.69; 95% confidence
interval [CI], 1.94-3.74, P < 0.001), and sICH
and death were more frequently observed in the
elderly group (OR, 1.60; 95% CI, 1.01-2.54; P =
0.04 and OR, 3.70; 95% CI, 2.52-5.42; P < 0.001,
respectively).

Moreover, in elderly patients, because of severely
curved and tortuous arteries and severe atheroscle-
rotic lesions, the risk of perioperative complications
of endovascular therapy tends to be high, and the
recanalization rate tends to be low. Compared to
younger patients, fewer elderly patients achieve
favorable outcomes because of underlying diseases
and complications.

Meanwhile, the North American Solitaire Stent
Retriever Acute Stroke registry (NASA) study!® has
reported outcomes of acute recanalization treatment
performed only in elderly patients. According to
this study, comparison of the outcomes at 90 days
between two groups divided at the age of 80 years
showed that younger patients followed a more
favorable clinical course. However, no significant
difference was reported with respect to the time to
recanalization, recanalization rate, and incidence of
sICH between the two groups. On the basis of these
findings, it can be assumed that recanalization is
associated with only a few technical disadvantages,
even for elderly patients. Moreover, multivariate
analysis identified age of >80 years as the only
factor for poor prognosis, while the factors for
favorable prognosis included a mild condition (low
NIHSS score at onset), prior administration of IV
t-PA injection, and short time to recanalization. In
patients aged >80 years, the independent predictors
for death were identified as NIHSS scores at onset,
recanalization status, use of rescue therapy, and
presence or absence of sICH.

Among our patients in the present study, including
those with previous IV t-PA injection, good outcomes
were obtained only in patients with a moderate or
mild condition, as indicated by an NIHSS score of
<26 at onset. Moreover, the time to recanalization
was shorter in patients with better outcomes than in
the others. These findings are consistent with those

described in previous reports. In addition, outcomes
were poor in patients with severe conditions, those
treated with additional endovascular procedures
(such as percutaneous transluminal angioplasty),
and those with unsuccessful recanalization.

In this study, the improvement of the recanaliza-
tion rate is considered to have influenced outcomes,
which may be attributable to the increased use of
stent retrievers in the post-time-reduction group.
The effective recanalization rate with the use of the
Penumbra System® alone is 57% in our hospital,
but the effective recanalization rate with the use
of a stent retriever with the Penumbra System® was
as high as 100%. In the post-time-reduction group,
a stent retriever was used in >50% of patients of
all ages, including elderly patients aged =75 and
>80 years.

A factor that did not lead to a significant differ-
ence in observed outcomes for each age group may
be a difference in the technical capabilities of the
surgeons performing the procedure.

Although not limited to the elderly, improving the
teamwork of the medical care team by standardizing
procedures, such as using a stent retriever for all
cases, may also decrease the time from a puncture
to recanalization.

In the present study, favorable results appeared
to be associated with the inclusion of patients
with previous IV t-PA injection and reduced time
to recanalization based on the time-reduction
measure. However, there is a little number of cases
at present, and the accumulation of the case is
expected in future. Meanwhile, the higher successful
recanalization rate in the elderly after the time
reduction compared to the before the time reduc-
tion measure, that might appear to be associated
with the improvement of procedures of our stroke
team and the difference of use of thrombectomy
device. Thus, the positive effect of time reduction
was observed even in elderly patients. Our results
suggest that rapid and successful recanalization might
contribute to maintaining activities of daily living.
If transition to home care is also targeted to patients
for whom independent activities of daily living
are not achievable, acute recanalization treatment
should be aggressively considered, even for elderly
patients.

Acknowledgement
The authors extend deep appreciation to all of the
other members of the department of neurosurgery,

neurology and cerebrovascular medicine for their
cooperation in this study.

Neurol Med Chir (Tokyo) 57, March, 2017



Reducing Duration from Symptom Onset to Recanalization

Conflicts of Interest Disclosure

Yoshiaki Shiokawa has received payment for devel-
opment of educational presentations from Daiichi-
Sankyo-Seiyaku.

Teruyuki Hirano has received funding for the
development of educational presentations from
Boehringer-Inger-Heim, Pfizer, Bristol-Myers Squibb,
Daiichi-Sankyo-Seiyaku, Bayer and Otuka-Seiyaku.

Koichiro Komatsubara, Tomohisa Dembo, Hiroo
Sasamori, Masataka Torii and Eishi Sato declare
that they have no conflicts of interest.

4)

References

Menon BK, Almekhlafi MA, Pereira VM, Gralla J,
Bonafe A, Davalos A, Chapot R, Goyal M; STAR Study
Investigators: Optimal workflow and process-based
performance measures for endovascular therapy in
acute ischemic stroke: analysis of the Solitaire FR
thrombectomy for acute revascularization study.
Stroke 45: 2024-2029, 2014

Kawano H, Hirano T, Nakajima M, Inatomi Y,
Yonehara T, Uchino M: Modified ASPECTS for
DWI including deep white matter lesions predicts
subsequent intracranial hemorrhage. J Neurol 259:
2045-2052, 2012

Tomsick T, Broderick J, Carrozella J, Khatri P, Hill M,
Palesch Y, Khoury J; Interventional Management of
Stroke II Investigators: Revascularization results in
the Interventional Management of Stroke II trial.
AJNR Am ] Neuroradiol 29: 582—-587, 2008
Hirano T, Sasaki M, Mori E, Minematsu K, Nakaga-
wara J, Yamaguchi T; Japan Alteplase Clinical Trial II
Group: Residual vessel length on magnetic resonance
angiography identifies poor responders to alteplase
in acute middle cerebral artery occlusion patients:
exploratory analysis of the Japan Alteplase Clinical
Trial II. Stroke 41: 2828-2833, 2010

Lutsep HL, Rymer MM, Nesbit GM: Vertebrobasilar
revascularization rates and outcomes in the MERCI
and multi-MERCI trials. J Stroke Cerebrovasc Dis
17: 55-57, 2008

Humphries W, Hoit D, Doss VT, Elijovich L, Frei
D, Loy D, Dooley G, Turk AS, Chaudry I, Turner R,
Mocco J, Morone P, Fiorella D, Siddiqui A, Mokin
M, Arthur AS: Distal aspiration with retrievable stent
assisted thrombectomy for the treatment of acute
ischemic stroke. | Neurointerv Surg 7: 90-94, 2015
Berkhemer OA, Fransen PS, Beumer D, van den Berg
LA, Lingsma HF, Yoo AJ, Schonewille WJ, Vos JA,
Nederkoorn PJ, Wermer M]J, van Walderveen MA,
Staals J, Hofmeijer J, van Oostayen JA, Lycklama
a Nijeholt GJ, Boiten ], Brouwer PA, Emmer BJ, de
Bruijn SF, van Dijk LC, Kappelle L], Lo RH, van
Dijk EJ, de Vries J, de Kort PL, van Rooij W], van
den Berg JS, van Hasselt BA, Aerden LA, Dallinga

Neurol Med Chir (Tokyo) 57, March, 2017

10)

11)

12)

113

RJ, Visser MC, Bot JC, Vroomen PC, Eshghi O,
Schreuder TH, Heijboer RJ, Keizer K, Tielbeek AV,
den Hertog HM, Gerrits DG, van den Berg-Vos RM,
Karas GB, Steyerberg EW, Flach HZ, Marquering HA,
Sprengers ME, Jenniskens SF, Beenen LF, van den
Berg R, Koudstaal PJ, van Zwam WH, Roos YB, van
der Lugt A, van Oostenbrugge RJ, Majoie CB, Dippel
DW; MR CLEAN Investigators: A randomized trial
of intraarterial treatment for acute ischemic stroke.
N Engl | Med 372: 11-20, 2015.

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;
Interventional Management of Stroke (IMS) III
Investigators: Endovascular therapy after intrave-
nous t-PA versus t-PA alone for stroke. N Engl |
Med 368: 893—-903, 2013

Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM,
Churilov L, Yassi N, Yan B, Dowling RJ, Parsons
MW, Oxley TJ, Wu TY, Brooks M, Simpson MA,
Miteff F, Levi CR, Krause M, Harrington TJ, Faulder
KC, Steinfort BS, Priglinger M, Ang T, Scroop R,
Barber PA, McGuinness B, Wijeratne T, Phan TG,
Chong W, Chandra RV, Bladin CF, Badve M, Rice
H, de Villiers L, Ma H, Desmond PM, Donnan GA,
Davis SM; EXTEND-IA Investigators: Endovascular
therapy for ischemic stroke with perfusion-imaging
selection. N Engl ] Med 372: 1009-1018, 2015
Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel
JL, Thornton J, Roy D, Jovin TG, Willinsky RA,
Sapkota BL, Dowlatshahi D, Frei DF, Kamal NR,
Montanera W], Poppe AY, Ryckborst KJ, Silver
FL, Shuaib A, Tampieri D, Williams D, Bang QY,
Baxter BW, Burns PA, Choe H, Heo JH, Holmstedt
CA, Jankowitz B, Kelly M, Linares G, Mandzia JL,
Shankar J, Sohn SI, Swartz RH, Barber PA, Coutts
SB, Smith EE, Morrish WF, Weill A, Subramaniam
S, Mitha AP, Wong JH, Lowerison MW, Sajobi TT,
Hill MD; ESCAPE Trial Investigators. Randomized
assessment of rapid endovascular treatment of
ischemic stroke. N Engl J Med 372: 1019-1030,
2015

Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI,
Pereira VM, Albers GW, Cognard C, Cohen DJ, Hacke
W, Jansen O, Jovin TG, Mattle HP, Nogueira RG,
Siddiqui AH, Yavagal DR, Baxter BW, Devlin TG,
Lopes DK, Reddy VK, du Mesnil de Rochemont R,
Singer OC, Jahan R; SWIFT PRIME Investigators:
Stent-retriever thrombectomy after intravenous
t-PA vs. t-PA alone in stroke. N Engl | Med 372:
2285-2295, 2015

Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina
CA, Rovira A, San Romédn L, Serena J, Abilleira S,
Rib6 M, Milldn M, Urra X, Cardona P, Lépez-Cancio
E, Tomasello A, Castafio G, Blasco J, Aja L, Dorado L,



114

13)

14)

K. Komatsubara et al.

Quesada H, Rubiera M, Hernandez-Pérez M, Goyal M,
Demchuk AM, von Kummer R, Gallofré M, Déavalos
A; REVASCAT Trial Investigators: Thrombectomy
within 8 hours after symptom onset in ischemic
stroke. N Engl ] Med 372: 2296-2306, 2015

Duffis EJ, He W, Prestigiacomo CJ, Gandhi CD:
Endovascular treatment for acute ischemic stroke
in octogenarians compared with younger patients:
a meta-analysis. Int | Stroke 9: 308-312, 2014
Castonguay AC, Zaidat OO, Novacovic R, Nguyen
TN, Tagi MA, Gupta R, Sun CH, Martin C, Holloway
WE, Mueller-Kronast N, E English J, Linfante I,
Dabus G, Malisch TW, Marden FA, Bozorgchami
H, Xavier A, Rai AT, Froehler MT, Badruddin A,

Abraham MG, Janardhan V, Shaltoni H, Yoo AJ,
Abou-Chebl A, Chen PR, Britz GW, Kaushal R,
Nanda A, A Issa M, Nogueira RG: Influence of age
on clinical and revascularization outcomes in the
North American Solitaire Stent-Retriever Acute
Stroke Registry. Stroke 45: 3631-3636, 2014

Address reprint requests to: Koichiro Komatsubara, MD,

Department of Neurosurgery, Kyorin University
Faculty of Medicine, 6-20-2 Shinkawa, Mitaka,
Tokyo 181-8611, Japan.

email: koichiro.komatsu@gmail.com

Neurol Med Chir (Tokyo) 57, March, 2017



