CILOSTAZOL FOR ACUTE PROGRESSING STROKE

Patients were assessed at baseline (day 1), days 3, 5, and
14 (or at discharge), and at 1 and 3 months after enroll-
ment for the NIHSS score and 1 and 3 months after enroll-
ment for the mRS score. The prehospital mRS score was
also assessed by interviewing patients or family mem-
bers. Brain imaging studies with computed tomography
and/or magnetic resonance imaging were performed on
days 1 and 14 (or at discharge), or at any time after neu-
rologic deterioration. Blood pressure and hematologic
and bijochemical laboratory analyses were examined on
days 1 and 14 (or at discharge). All adverse events occur-
ring within 3 months of the study period were recorded.
Neurologic, radiologic, and systemic evaluations were
performed without considering the group allocation by
the physician in charge during hospitalization and, after
discharge, a physician who took care of outpatients.

Statistical Analyses

The study was designed as a pilot study because no
clinical study of cilostazol in the setting of acute progress-
ing stroke was available at the beginning of the study.
Because the rate of progressing stroke was difficult to es-
timate, the sample size was calculated as 250 patients in
each arm, assuming that rates of mRS scores of 0 to 1 at
3 months after enrollment would be 30% in the control
group and 43% in the cilostazol group (¢ = 0.05; B =
0.2)520%2 Both full analysis set and per protocol
analysis were performed by one of authors (H. S.). The
results of the full analysis set are reported here because
the results were similar. Comparison of mRS and NIHSS
scores between the 2 groups was performed with the
Wilcoxon rank sum test at each time point. The
difference between treatment groups in NIHSS changes
from enrollment to day 14 or discharge was analyzed
after applying the maximum score of 42 points for
missing data because of death with a linear mixed
effects model on interaction between the treatment
groups and time. Comparisons of age between groups
used the unpaired ¢ test. Comparisons of categorical
data were examined with the Fisher exact test.

All analyses used JMP Statistical Discovery Software
(version 8.0.2; SAS Institute Japan Inc., Tokyo, Japan).

Results

A total of 510 patients (340 men and 170 women with
a mean age of 66.4 years) were enrolled from 55 institu-
tions in Japan between February 2009 and July 2010.
Two patients withdrew informed consent, and 1 patient
did not return to the hospital and therefore received no
treatment. Five hundred seven patients were included
in the full analysis set. The cilostazol group consisted of
251 patients, of whom 238 patients were treated with
200 mg/day and 2 patients with 100 mg/day. Cilostazol
was maintained for the 3 months of the study period in
all but 11 patients in whom it was discontinued because
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of adverse events (headache in 4, palpitation in 3, and
other reason in 4) and replaced by clopidogrel in 5 pa-
tients or aspirin in 2 patients. The evaluation of the NIHSS
score was available only at enrollment in 1 patient in the
cilostazol group, and evaluation of worsening of the
NIHSS score was possible in 250 patients. All 256 patients
in the control group provided longitudinal NIHSS score
data. Excluding 31 patients with protocol violations, a to-
tal of 476 patients were included in the per protocol set
(Fig 1).

Three patients died during the study period. One pa- -

tient in the control group died of subarachnoid hemor-
rhage 5 days after enrollment. Two patients in the
cilostazol group died of brain edema associated with pri-
mary infarction 7 and 31 days after enroliment; these
cases were eventually diagnosed as cardioembolic infarc-
tion and pulmonary embolism, respectively. Missing
NIHSS data after the deaths were adjusted with the max-
imum score of 42 points.

The profiles of the groups were similar, although alco-
hol consumption and a history of cerebral infarction
were less common in the cilostazol group than in the con-
trol group (P <.05). Heart rate and triglyceride level were
lower in the cilostazol group, and were the only signifi-
cantly different physiologic and laboratory parameters
(P < .05). Stroke subtypes did not differ between the
groups (Table 1).

Concomitant drugs administered for antithrombotic
and neuroprotective reasons after enrollment are also
Iisted in Table 1. During the first 1 to 2 weeks after stroke
onset, intravenous administration of edaravone (a free
radical scavenger) plus ozagrel (an antiplatelet agent) or
argatroban (an antithrombin agent) was common in ac-
cordance with the Japanese Guidelines for the Manage-
ment of Stroke and no statistical difference was
detected between the groups. The oral administration of
antiplatelet agents other than cilostazol was common in
the control group after cessation of intravenous treat-
ments described above but not in the cilostazol group,
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Figure 1. Trial profile. FAS, full analysis set; PPS, par-protocol set; mRS,
modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

452 H. SHIMIZU ET AL.
Table 1. Patient characteristics
Cilostazol group (n = 251) Control group (n = 256) P value
Demographics
Male, n (%) 165 (65.7) 175 (68.4) 57
Age (y), mean (SD) 66.2 (9.4) 66.6 (8.9) .635%
Present smoker, n (%) 93 (37.1) 115 (45.1) 071
Alcohol, n (%) 112 (44.6) 139 (54.5) 027
Hecart rate (bpm), mean (SD) 76 (14) 78 (14) .045%
Triglycerides (mg/dl), mean (SD) 134 (104) 138 (79) .047%
Stroke subtype, n (%)
Atherothrombotic 77 (30.7) 64 (25.0)
Lacunar 161 (64.1) 181 (70.7) } .289
Others 13(5.2) 11 (4.3)
Complications/medical histories, n (%)
Hypertension 151 (60.2) 166 (64.8) 313
Ischemic heart disease 6 (2.4) 5(2.0) 770
Diabetes mellitus 67 (26.7) 66 (25.8) 840
Dyslipidemia 52 (20.7) 45 (17.6) 429
Cercbral infarction 25 (10.0) 43 (16.8) 027
Cerebral hemorrhage 8(3.2) 5(2.0) 414
C itant of antithrombotic drugs, n (%)
Edaravone 207 (82.5) 205 (80.1) 497
Ozagrel 160 (63.8) 170 (66.4) 576
Argatroban 53 21.1) 58 22.7) 747
Heparin 72.8) 8 (3.1 1.000
Warfarin 4(1.6) 8(3.1) 382
Thienopyridinest 31(12.4) 117 (45.7) <.0001
Aspirin 46 (18.3) 113 (44.1) <.0001
Physiologic and blood examination data that had no statistical significance are not listed.
*Unpaired ¢ test. All other P values were calculated with the Fisher exact test.
tAIl thienopyridines were clopidogrel except for 1 case (ticlopidine) in the cilostazol group.

and the use of thienopyridines and aspirin was signifi-
cantly different between the groups (P <.0001).

The mean mRS score before the current onset of
stroke and the mean NIHSS score at enrollment were
not different between the groups (Table 2). At the
primary endpoints, rates of mRS scores of 0 to 1 at 3
months after enrollment were 74.5% and 72.7% in the
cilostazol and control groups, respectively, and did not
differ between the groups. The rates of progressing
stroke, defined as aggravation of the NIHSS score by
=4 points on days 3 and/or 5, were 3.2% in the cilosta-
zol and 63% in the control groups, which were not
statistically significant (P = .143). In patients who expe-
rienced progressing stroke, the rate of mRS scores of
0 to 1 at 3 months after enrollment was significantly
lower than in patients without progressing stroke
(Table 3).

Cardiovascular events occurred as secondary end-
points in 5 and 8 patients in the cilostazol and control
groups, respectively, with no significant difference. Re-
current ischemic strokes were detected in 3 and 4 patients
in the cilostazol and control groups, respectively. Intracra-
nial hemorrhages were observed in 2 patients each in both
groups. The other secondary endpoints based on mRS

score at 1 or 3 months did not show any significant differ-
ence between the 2 groups (Table 2).

Adverse events were recorded in 20 patients in the
cilostazol group (22 events) and 10 patients in the con-
trol group (10 events; Table 4). The difference was not
statistically significant between the groups (P = .06;
Fisher exact test). Palpitation and headache were the
main adverse events in the cilostazol group. Other pa-
rameters did not show differences between the groups.
No major systemic bleeding occurred during the study
period.

Discussion

In the present study, the primary endpoint for mRS
score did not show any significant difference between
the cilostazol and control groups. The rates of progressing
stroke also failed to show statistically significant effects of
cilostazol (P = .143).

Patients with progressing stroke had a statistically sig-
nificantly lower rate of mRS scores of 0 to 1 at 3 months
after enrollment than those without progressing stroke
(Table 3), suggesting that progressing stroke is one of
the major influencing factors on clinical outcome.
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Table 2. Primary and secondary endpoints and related parameters
Cilostazol group (n = 251)  Control group (n = 256) P valic

mRS score (0, 1, 2, 3, 4, 5, 6), n for each scorc
Before the current onsct 220,27,4,0,0,0,0 228,25,3,0,0,0,0 614%

1 month 90,79, 37,18,22,4,1 88, 86,31,2,4,25,1,1 842+

3 months 101, 86, 34, 17,9,2,2 98, 89,31,21,15,1,1 .558*
mRS score at 3 months, n (%)

0-1 187 (74.5) 186 (72.7) 6871

0-2 221 (88.1) 217 (84.8) 3021
mRS score at 1 month, n (%) :

0-1 169 (67.3) 173 (67:6) 1.000¢

02 206 (82.1) 204 (79.7) 5011
NIHSS (mean * SD){

At enrollment 37+29 36+28 .696*

Day 3 3235 34+ 41 561 070

Day § 28 £34 3.1%42 .308*

At discharge or 2 weeks after the enrollment 20+37 24+39 .046*
‘Worsening of NIHSS on day 3 or 5 compared with baseline, n (%)

=1 point 39 (15.6) 48 (18.8) 4101

=2 points 27 (10.8) 33(12.9) 4941

=3 points 12 (4.8) 23 (9.0) 079%

=4 points 8(3.2) 16 (6.3) 143t
Cercbrovascular and cardiovascular events (n)

Cerebral infarction 3 4 1.0001

Intraccrebral or subarachnoid hemorrhage 2 2 1.000%

Congestive heart failure 0 2 499t

Abbreviations: mRS, modified Rankin Scale; NTHSS, National Tnstitutes of Health Stroke Scale; SD, standard deviation.

*Wilcoxon signed-rank test.

tFisher exact test. mRS data at each time point are expressed by actual number of patients of each mRS score group.

{Linear mixed effects model of the i the

groups and time for the difference between the groups in the NTHSS

changes from enrollment to day 14 or discharge. Time was treated as a continuous variable. Tn the model, interactions between treatment group
and time, treatment group, and time were included as independent variables.

There is one paper that investigated rates of early neu-
rologic progression within 7 days, defined as an increase
in the NIHSS score of >2, or 1 point in limb weakness,
showing no difference between the cilostazol- and
aspirin-treated groups.”®

In the present study, the rates of progressing stroke
tended to be low at 3.2% in the cilostazol group and
6.3% in the control group, based on the definition of pro-
gressing stroke as a worsening of the NIHSS score by =4
points on days 3 and/or 5. Even if other definitions of pro-

Table 3. Influence of progressing stroke on modified Rankin
Scale score 3 months after enrollment

mRS score  Progressing  No prog

at 3 months stroke (n = 24) stroke (n = 483) P valuc
0-1 1 373 <.0001*
=2 23 110
Total 24 483

Abbreviation: mRS, modified Rankin Scale.
*Fisher exact test.

gressing stroke, such as a worsening of the NIHSS score
by =1, 2, or 3 points on days 3 and/or 5 were used, the
rates of progressing stroke in the present study did not
differ significantly between the groups (Table 2), although
there were decreasing tendencies in the cilostazol group
when the change in NIHSS score by =3 or 4 points were
applied.

The NIHSS score at discharge or 2 weeks after enroll-
ment in the cilostazol group, which was not a planned
analysis point, was significantly lower than that in the

Table 4, Adverse events

Cilostazol Control
group (n = 251) group (n = 256)

Palpitation 7 0
Headache 4 1
Pncumonia 3 5
Hepatic dysfunction 1 1
Others 7 3
Total 22% 10*

*Twenty-two and 10 events in 20 and 10 patients, respectively.
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control group (P = .046; Table 2). The changes in NIHSS
score from enrollment to day 14 or discharge were not sig-
nificantly different as analyzed with a linear mixed effects
model of the interaction between the treatment groups
and time, but there was a favorable tendency in the cilos-
tazol group (P = .070).

Recently, cilostazol is reported to ameliorate the no
reflow phenomenon® and to reduce the risk of hemor-
rhagic transformation®® after transient ischemia in mice.
Because reperfusion injury plays an important role at least
in the microcirculation levels, the tendency to reduce the
rate of progressive stroke in this study may be attributable
to the favorable effect of cilostazol on microcirculation.

The use of any medication except cilostazol was al-
lowed in the control group to achieve the best outcomes
possible for the patients. Therefore, the present pilot
study suggests that additional investigation is justified
to confirm the efficacy of cilostazol administration.

The intravenous administration of ozagrel, argatroban,
and edaravone is approved for clinical use during the 1 to
2 weeks after the onset of ischemic disease in Japan.*
However, progressing strokes are common in the acute
stage of lacunar and atherothrombotic infarction, despite
the combination of these currently available treatments,
and no preventive treatment has been established.®

Early deterioration is a strong predictor of a bad out-
come and could be used as an early surrogate end point
in therapeutic trials."” The present results as shown in
Table 3 also imply that, although the mRS score at 3
months after enrollment is a combination of neurologic,
systemic, and other deterioration during the preceding 3
months, a positive predictive value of progressing stroke
for the worse outcome was high.

Several methodologic limitations should be recognized
in the present study. This study was open, which may
have caused bias in evaluating the patients, and the small
number of patients may have weakened the statistical
power of the study. The control group was treated with

Cilostazol better
Progressing .
Stroka (n) H
NIHSS at enroliment Yas No i

Cilostazel 2 137

53.0 n=291
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various drugs that were thought to be the best in each
hospital. This may have made the evaluation of cilostazol
rather complex. Physicians who treated the patients were
not completely divided from those evaluated the patients
along the time course of the study, because some hospitals
actually had <3 physicians in neurologic and neurosurgi-
cal departments. There were a couple of baseline param-~
eters that showed statistically significant differences
between the groups. In particular, previous cerebral in-
farction was more frequent in the control group than the
cilostazol group and may have influenced the results
(although multivariate comparison using logistic regres-
sion analysis showed no statistically significant influence
of cerebral infarction on the rate of the primary
endpoints). Nevertheless, considering that all available
treatments were allowed in the control group and the cilos-
tazol group showed a tendency to reduced rate of progress-
ing stroke, another clinical trial would be encouraged to
overcome the limitations of the present study.

In this regard, we have performed an unplanned post
hoc analysis to contribute to an additional study. First,
stratified analyses were performed using the Fisher exact
test for comparison of rates of several parameters of clin-
ical importance. The results were expressed in Figure 2 by
the odds ratio and 95% confidence interval (CI). In a sub-
group with NIHSS score =3.0 at enrollment, cilostazol
treatment reduced the risk of progressing stroke by 83%
(odds ratio 0.186; 95% CI 0.028-0.708). In another sub-
group with nonlacunar infarction, cilostazol treatment re-
duced the risk of progressing stroke by 87% (odds ratio
0.110; 95% CI 0.006-0.641). Second, time from the symp-
tom onset to start of the therapy was analyzed to investi-
gate if there is difference in rates of primary endpoints
between the 2 groups (Table 5). The time tended to be
shorter in patients with progressing stroke in each treat-
ment group, although the difference did not reach a statis-
tically significant difference between the cilostazol and
the control groups (P = .08). In terms of mRS score at 3

Control better

0.188
(0.028-0.708)

Control 11 141 H
- Cilostozol 6 105 o 1143
80 026 Toontol 5 100 i

Norwlacunar

Cilostazol

(0.334-4.077)
Figure 2. Stratified analysis for rates of
progressing stroke. Fisher's exact test.
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Contral 7 e8I @ (0.006-0.641)
Lacunar '
Ciostazol 7164 0.869
=243 Contol 9 173 @ {0.304~ 2.386)
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Odds ratio(95% C1)
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Table 5. Time from the symptom onset to start of the therapy
Progressing stroke Cilostazol group Control group P value* Both groups
No (n = 483) 10.2 (6.9) 10.1 (7.1) 91 10.2 (7.0)
Yes (n = 24) 9.1(6.3) 6.9 (4.6) 34 7.6(5.2)
P value* 65 07 — 08
mRS score at 3 months
0-1(n = 373) 10.5 (7.0) 10.1 (7.2) .64 10.3 (7.1)
=2 (n = 134) 9.0 (6.2) 8.7(5.9) 79 8.8 (6.1)
P value* 13 17 — .04
Abbreviation: mRS, modified Rankin Scale.
Data are expressed in hours as mean (standard deviation).
*Unpaired t-test.
months, the time was statistically significantly shorter in 9. The International Stroke Trial (IST): A randomised trial of

patients with mRS scores =2 than those with mRS scores
of 0 to 1. These results together indicate that patients who
come to a hospital earlier after symptom onset tend to
have a greater chance for progressing stroke and worse
clinical outcome at 3 months and that these patients
may be a reasonable candidate to study drug effects.
The present study may suggest that when the effect of
cilostazol is to be investigated in the acute stage of ischemic
cerebrovascular disease, it may be recommended to in-
clude more patients with mild symptoms, nonlacunar in-
farction, and/or earlier time points after symptom onset.
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Abstract

Background: Cllostazo, an Inhibitor of phosphodiesterase
3, has various pleiotropic effects besides Its antiplatelet ac-
tivity. This study examined the efficacy of cilostazol for the
treatment of acute perforating artery infarction. Methods:
In this prospective, randomized, open-label, blinded-end
point trial, 100 patients with cerebral infarction In the terri-
tory of the lenticulostriate arterles were enrolled within 48 h
of onset. Patients were randomly treated with both clio-
stazol and ozagrel for 14 days (n = 50, cilostazol group) or
ozagrel alone for 14 days (n = 50, control group). The primary
end pointwas the proportion of favorable outcomes 30 days
after randomization as defined by a modified Rankin Scale
(mRS) score of 0-2, Secondary end polints included the incl-
dence of neurological deterloration (an Increase of =2 on
the Natlonal [nstitutes of Health Stroke Scale within 7 days).
Results: Favorable outcomes (mRS scores 0-2) were similar
in both groups (81.3 and 82.0% In the cilostazol and cantrol
groups, respectively). The Incidence of neurological deterio-
ration was lower in the cilostazol group than the control
group (12.5 and 16,0%, respectively) with a 21.9% relative risk

gery, Tohoku University, Sendal, Japan

reduction, although the difference was not statistically sig-

nificant. Conclusions: Cilostazol did not prevent the neuro-

logical deterloration of perforating artery infarction.
Copyright © 2012 5. Karger AG, Basel

Introduction

Perforatingartery infarction is the most common sub-
type of ischemic stroke, especially in the Japanese popu-
lation [1]. Neurological deterioration in acute perforating
artery infarction is reported in 28.0-43.0% of patients 2,
3]. Neither aspirin nor heparin effectively prevents acute
ischemic stroke deterioration [4, 5].

The actions of cilostazol include platelet aggregation
inhibition [6], vasodilatation [7], and amelioration of en-
dothelial cell dysfunction [8]. A recent prospective ran-
domized controfled trial demonstrates the non-inferior-
ity of cilostazol to aspirin for the treatment of acute isch-
emic stroke [9]. Several randomized controlled trials
investigating the secondary prevention of ischemic stroke
demonstrate cilostazol to be more efficacious than pla-
cebo, especially in patients with lacunar infarction [10],
as well as non-inferior to aspirin [11].

Although cilostazol is expected to prevent neurologi-
cal deterioration in acute perforating artery infarction,
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no prospective randomized trials have examined its ef-
ficacy immediately after such events. The present trial
assessed whether the addition of cilostazol to convention-
al antiplatelet treatment prevents neurological deteriora-
tion and improves functional outcomes in acute perforat-
ing artery stroke.

8: Contro! graup
Materials and Methods Ozagrel sodium 160 mg/day _ Cllostazol 200mg/day >
Study Design Randomization Day 14
This study was a prospective, mndomizcd single-center trial {Day 1)
with a blinded One hundred | pa-

A: CHostazol group 1
Cllostazol 200 mg/day >

Ozagrel sadium 160 mg/day M

tients were recruited as consecutively as possible between January
2006 :and July 2009. Using a two-tailed x? test based on the results
of our preliminary retraspective study with cilostazol [Kondo et
al., unpubl, data), we determined that 45 subjects randomized to
each treatment group (see “Treatment Allocation’ for details) were
needed to achieve 80% power to detect a significant difference
(ot = 0.05) in favarable outcomes as defined by a modified Rankin
Scale (mRS) score of 0-2, 30 days after randomization; this level
of significance would require Favorable outcome rates of 86 and
60% In the cilostazol and non-cil 1 groups, respectively. Fi-
nally, a sample size of 50 patients per group was chosen, assuming
a dropout rate of 10%.

This study was performed in accordance with the Declaration
of Helsinki with the approval of the institutional ethics commit-
tee. Written informed consent was obtained from all patients.
This was an investigator-initiated study.

Fig. 1. Treatment design.

Outcome Measurements

The primary end point was favorable outcomes as defined by
mRS scores of 0-2, 30 days after randomization.

The secondary end points were neurological deterioration
manifestingasan increase of 2 or more points on the NTHSS with-
in 7 days after randomization and functional status as assessed by
NIHSS scores 30 days after randamization. Neurological deterio-
ration was defined as described previously [2, 3].

The mRS score as the primary end point was evaluated by in-
dependent neurologists 30 days after mndomxzatlon. and NIHSS

scores dary end points I d byanindepen-

'

Patient inclusion criteria were as follows: first
infacction in the terruory of the Ientxculostrlate arlerles as ob-
served on diffusion. ei g (MRI-
DWI), practicability of treatment wnthm 48hof. symptom onset,
and age>20 years. The territory of the lenticulostriate arteries was
defined as the internal capsule, putamen, lateral globus pallidus,
and white matter of the corona radiata [12, 13).

Patient exclusion criteria were as follows: occlusion or >50%
stenosis of the ipsilateral middle cerebral 1 artery or mtcmal -
rotid artery as observed on MR angl

of
cardioembohsm. congestive hcart Tailure, and taking antiplatelet

All patients ived an MRI ion, a full neurological
examination including the Natlonal Institutes of Health Stroke
Scale (NIHSS), diography, and lab y ga
tions before randomization.

Treatment Allocation

Patients randomized to the cilostazol group were immediately
started on 200 mg/day oral cilostazol and 160 mg/day intravenous
sodium ozagrel. Patients randomized to the control group were
immediately started on 160 mg/day intravenous sodium ozagrel
alone. Sodium ozagrel acts as both an antiplatelet agent and vaso-
dilator by inhibiting thromboxane A, [14]. Both treatments were
continued for 14 days, After finishing the allocated treatment, all
patients in both graups were administered 200 mg/day oral cilo-
stazol aloneasa for dary stroke p ion (fig. 1).
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dent neurologist 1,2. 7, 14,and 30 days after randomization. Each

patient was examined by the same investigator during follow-up.
All patients received repeat MRI, electrocardiography, and

laboratory investigations 14 days after randomization,

Additional Analyses

Additional analy g imp rate of mRS and
infarct subtypes were performed although they were not includ-
ed in our primary and secondary end points.

Magnetic Resonance Imaging

All patients underwent MRI and MR angiography using
1.5-tesla superconducting magnets (Signa Excite HD 15T, GE
Healthcare, Waukesha, Wisc., USA) before and 14 days after ran-
domization. The initial MRI obtained before randomization in-
cluded axial diffusion-weighted scans (TR: 6,000 ms, TE: >68.4
ms, asset factor: 2) and axial T2-weighted scans (TR: 3,000 ms,
TE: >100 ms). Both scans were obtained at a slice thickness of
6 mm., MRI was repeated in all patients 14 days after randomiza-
tion, including axial and 1 T2 d scans. The diam-
eters of infarcts were measured using Advanced Workstation Vol-
ume Share 4.4 (GE Healthcare).

lnfarct Classification
3 etiologics of infarcts in the territory of the lenticu-
lostmte artery: lacunar infarct, branch atheromatous disease
(BAD), and striatocapsular infarct.
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Fig. 2. Subtypes of infarcts based on MRIfindings obtained before
randomization. a-d BAD. a-c Axial DW1s show hyperintense le-
sions between the internal capsule and corona radiata in 3 axial
slices (arrows). ¢ The maximum diameter of the lesions is>10 mm
on axial slices. d Coronal T2-welghted image (T2W1) shows hy-
perintense lesion >20 mm (arrowheads). e,  Lacunar infarct.
e Axial DWI shows hyperintense lesion <10 mm in diameter on

A facunar infarct is a small infarct caused by wall abnormali-
ties of the perforating artery described as segmental arterial wall
disorgani lipohyalinosis, or fibrinoid necrosis [15, 16],
BAD is a lurger infarct caused by microatheroma at the orifice of
the single lenticulostriate artery {17). A striatocapsular Infarct is
caused by the simultaneous occluston of multiple lenticulostriate
arteries, and Is the Jargest lesion of the 3. Its pathogenesis includes
embolism from carotid disease, cardiogenic embolism, and in situ
thrombosis of the middle cerebral artery [13),

We classified the infarcts into these 3 categories on the basis
of MRI findings as described previously [13, 18, 19]. Lacunar in-
farcts were defined as infarcts <10 mm in dizmeter on axial slices
or <20 mm on coronal slices (fig. 2e, ). BAD was defined as in-
farcts >10 mm in diameter on axial slices (fig. 2¢) and >20 mm on
coronal slices (fig. 2d). Visible infarcts for 3 or more axial slices
could be equated with lesions >20 mm in diameter on coronal
slices (fig. 2a-c), Striatocapsular infarcts were defined as comma-
shaped infarcts occupying the whole striatocapsular region
(fig. 2g, h).

Statistical Analysis

Categorical baseline and end point data were assessed by the
X? test and Fisher's exact test, respectively, and all continuous
variables were assessed by Student’s t test. All analyses were per-
formed with JMP (version 8, SAS Institute).

This trial is registered with the University Hospital Medical
Information Network clinical trials registry (C000000296),

124 Eur Neurol 2013;69:122-128

corona radiata (arrow). f Coronal T2WT shows the same lesion
<20 mm in diameter (arrowhead), g, h Example of  striatocap-
sular infarct. Axial and coronal T2W{s show distinctive comma-
shaped infarcts occupying the whale striatocapsular region (ar-

row in g, arrowheads in h). H stri p H were
notd d on MRI obtained before randomization in the pres-
ent study.

Results

Patients

Ofthe 50 patients randomly assigned to the cilostazol
group, 1 patient did not receive the allocated intervention
because his stroke type turned out to be cardioembolism.
Another patient in the cilostazol group dropped out dur-
ing follow-up. Therefore, 48 and 50 patients in the cilo-
stazol and control groups were included in our analyses,
respectively (fig. 3). The patient profiles of both groups
were similar (table 1).

Primary and Secondary End Points

The primary and secondary end points are summa-
rized in table 2. For the primary end points, 39 of 48 pa-
tients (81.3%) in the cilostazol group had mRS scores
from 0 to 2 at 30 days compared with 41 of 50 patients
{82.0%) in the control group (p = 1.00); thus, there was no
significant difference in the number of patients with fa-
vorable outcomes between the cilostazol and control
groups. Regarding secondary end points, neurological
deterioration with an increase of 2 or more points on the
NIHSS was detected in 6 of 48 patients (12.5%) in the ci-

Kondo etal.

- 100 randomized patlents

50 assigned to receive 50 assigned to recelve
cllostazol and ozagret oragre!

1 excluded due to cardioembolism

49 rocelved 50 recelved
cllostazol and ozagre! ozagrel

1 lost to fallow-up

Table 1. Demographic and clinical characteristics of patients at
baseline

Variables . Cilostazo!  Controt p
group. group value
(m=48) {(n=50)

[ 48 Included in analysis '

‘ 50 Included In analysis |

Age, years‘ 664+121 68.1%113 046
Male 26(54) 36(72) 0.09
Hypertension 38(79) 32(64) 0.12
Diabetes mellitus 18 (38) 11(22) 0.12
Dyslipidemia 20(42) 15 (30) 0.29
Baseline mRS 0-2 26 (54) 30 (60) 0.68
Baseline NIHSS score! 340%233  340%293 041

Figuresin p heses indicate p g

! Mean * SD.

Flg, 3. Trial profile.

3

{mprovernent rate
of mRS scores (%)
-~
=3

Control Cllostazol
group group

Fig. 4, Improvement rate of mRS$ scores.

lostazol group and 8 of 50 patients (16.096) in the control
group. Although a smaller proportion of patients exhib-
ited neurological deterioration in the cilostazol group
than the control group with a 21.9% relative risk reduc-
tion, the difference was not significant (p = 0.61). There
was no significant difference in NIHSS scores at 30 days
between groups.

Improvement Rate of mRS Scores

The numbers of patients whose mRS scores at 30 days
improved compared with those at the beginning of treat-
ment are shown in figure 4. Improvements in mRS scores
were detected in 40 of 48 (83,3%) and 33 of 50 (66.0%) pa-

Cilostazol for Acute Perforating Artery
Infarction

Table 2. Incidence of primary and secondary end points

Variibles Cilostazal  ‘Contrl  p
: group group value |
(n=48)  (u=50) :

mRS 0-2 at 30 days 39(81.3) 41(82.0) 100
Neurological deterioration ’

within 7 days 6(12.5) 8(16.0) 0.61

NIHSS score at 30 days® 144£237 156218 033

s

Flgures in parenth
! Mean * SD.

Table 3. Infarct subtypes

Infarct subtype Cilostazol Control  Total
graup goup  (n=98)
(n=48) (n =50)

Lacunar infarct 40(83.3)  39(78.0) 79(80.6)

Branch atheromatous

disease 8(167)  11(220) 19(194)
Striatocapsular infarct 0{0.0) 0(0.0) 0(0.0)

Figures in parentheses indicate percentages.

tients in the cilostazol and control groups, respectively.
The improvement rate of mRS scores was significantly
higher in the cilostazol group than the control group
(p =0.049).
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Table 4. Interactions between infarct subtypes and the effect of cilostazol

- Vardbles

Lacunar infarcts

éllostazol group (n=40)  control group:(n = 39) pvalue.
mRS 0-2 at 30 days 34(85.0) 33(84.6) 1.00
Neurological deterioration within 7 days 5(12.5) 5(12.8) 1.00
Variables Branch atheromatous.disease

cilostazol group (n=8)  control group (n =.11) pvalue

mRS 0-2 at 30 days
Neurological deterioration within 7 days

5(62.5) 8(72.5) 1.00
1(12.6) 3(27.3) 0.60

Figuresinp heses indicate p

Table 5. Details of neurological deterioration classified according
to the NIHSS categories

Patient No, Tocreased potnits classified according to the
aicording to ‘NIHSS citegories
randonibalion  oioren ™ otorleg | other citegorles

15
17
19
26
27
35
51
57
58
75
80
88
94
99

B - R R e N
RN o e Dt et D D e
e, O O O B DO

Infarct Subtypes

Table 3 shows the infarction subtypes based on MRI
findings obtained before randomization. Among the 98 in~
farcts, 79 (80.6%) and 19 (19.4%) were lacunar infarcts and
BAD, respectively; there were no striatocapsular infarcts.

The interactions between the infarct subtypes and the
effect of cilostazol are shown in table 4. In BAD cases
(lower table in table 4), the number of patients with favor-
able outcomes at 30 days (i.e. mRS scores 0-2) was not
significantly different between groups (62.5% in the cilo-
stazol group vs, 72.5% in the control group, p = 1.00). The

126 Eur Nearol 2013;69:122-128

incidence of neurological deterioration (an increase of
=2 points on the NIHSS) was lower in the cilostazol
group (12.6%) than the control group (27.3%) with a
54.2% relative risk reduction, although the difference was
not significant (p = 0.60). In lacunar infarct cases (upper
table in table 4), both favorable outcomes and neurologi-
cal deterioration were similar between groups,

Discusston

This is the first prospective randomized trial to evalu-
ate the efficacy of cilostazol in acute perforating artery
stroke. The results of this study do not demonstrate a sta-
tistically significant difference in the proportion of favor-
able outcomes or functional status 30 days after the be-
ginning of treatment between groups. However, a signif-
icantly higher improvement rate in mRS scores and a
relatively lower rate of neurological deterioration were
abserved in the cilostazol group, especially in BAD cases.

The higher improvement rate in mRS scores in the ci-
lostazol group can be explained by the fact that although
the number of patients with baseline mRS scores from 0
to 2 was relatively lower in the cilostazol group (54%) than
the control group (60%), the number of patients with
mRS scores from O to 2 at 30 days was similar in both
groups (81,3 and 82.0%, respectively). Regarding the de-
talls of neurological deterioration, all patients with neu-
rological deterioration experienced worsened motor def-
icits manifesting as an increase of 1 or more points in the
motor category of the NIHSS (table 5). These results sug-
gest that cilostazol potentially improves functional out-
comes by preventing progressive motor deficits.

Kondo et al.

The mechanisms of neurological deterioration in per-
forating artery infarction remain unclear. A previous re-
port emphasized that BAD is strongly associated with
large infarcts and poor functional outcomes [17]. BAD is
caused by microatheroma at the orifice of the affected
perforating artery [17]. However, the present study re-
vealed that progressive perforating artery infarction in-
cludes considerable lacunar infarction caused by non-
thrombotic arterial wall disorganization. According to
Fisher’s pathological observations in affected perforating
arteries, wall thickening and disorganization are more
common than atheromatous and thrombotic lesions {15,
16, 20, 21). These clinical and pathological findings sug-
gest that both atheromatous thrombotic and non-throm-
botic processes should be considered causes of progres-
sive perforating artery infarction.

Among the etiologic concepts concerning non-throm-
botic processes, endothelial dysfunction that can increase
blood-brain barrier permeability is considered most of-
ten. This concept is based on the hypothesis that an in-
crease in blood-brain barrier permeability results in the
leakage of plasma components into the vessel walls of
perforating arteries and surrounding brain tissue, con-
tributing to vessel wall and brain parenchymal damage,
leading to lacunar lesions [22]. Indeed, such regional en-
dothelial abnormalities and plasma leakage have been
observed in both pathological examinations and MRI
123-27).

Cilostazol is a selective inhibitor of phosphodiesterase
3 (PDE3) and is known as both an antiplatelet drug and
vasodilator [6]. PDE3 is an enzyme that controls the level
of intracellular adenosine 3’,5cyclic monophosphate
(cAMP), a secondary messenger in various intracellular
signaling pathways, by metabolizing cAMP to 5-AMP.
PDE3 is mainly present in platelets, vascular smooth
muscle cells, and cardiac myocytes; it plays critical roles
in modulating platelet aggregation, vascular smooth
muscle cell relaxation and proliferation, and cardiac con-
tractility [28]. Thus, the selective inhibition of PDE3 by
cilostazol increases intracellular CAMP concentrations
and causes platelet inhibition and vasodilatation [6).

Cilostazol has other pharmacological effects in addi-
tion to PDE3 inhibition. Recent experimental and clini-
cal studies show that cilostazol ameliorates endothelial
dysfunction {8], prevents increases in endothelial perme-
ability [29], and induces vasodilatation Independent of
the presence of endothelium In cerebral penetrating arte-
rioles [7). Moreover, cilostazol may prevent the neurolog~
ical deterioration associated with acute perforating ar-
tery stroke by decreasing endothelial permeability and

Cilostazol for Acute Perforating Artery
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dilating perforating arteries independent of endothelial
dysfunction. The present study tested this hypothesis.

Although our results show that cilostazol tended to
decrease neurological deterioration and could possibly
improve patient cutcomes, especially in BAD cases, it did
not achieve significant effects in primary and secondary
end points.

Cilostazol did aot exhibit significant efficacy, proba-
bly because the number of BAD cases in thisstudy (19.4%)
was too small to confirm its efficacy. As mentioned above,
a relatively lower rate of neurological deterioration in the
cilostazol group was observed only among the BAD cas-
es, These results suggest that cilostazol is more effective
against BAD than against lacunar infarcts. Indeed, a pre-
vious retrospective study for the acute BAD type infarc-
tion suggested that combined treatment including cilo-
stazol prevents progressive motor deficits effectively [30}.
Therefore, further prospective randomized trials includ-
ing larger numbers of BAD cases should be performed,

Theoretically, cilostazol can also be effective against
lacunar infarcts by ameliorating endothelial dysfunction.
However, the present study failed to demonstrate the ef-
fectiveness of cilostazol in the lacunar infarct cases. It is
possible that the pleiotropic effects of cilostazol, such as
decreased endothelial permeability, did not manifest
quickly enough to prevent neurological deterioration. In
this study, the majority of neurological deterioration oc-
curred within 2 days after the beginning of treatment;
however, except for platelet inhibition, the time course of
the effects of cilostazol remains unclear. Cilostazol would
be insufficient for preventing acute progressive infarction
if it takes several days or weeks to work.

Finally, regarding the validity of sodium ozagrel as a
control drug, the efficacy of ozagrel as an antiplatelet
agent and vasodilator in the treatment of acute ischemic
stroke was demonstrated in a randomized double-blind
placebo-controlled trial [31). Ozagrel was recommended
for the treatment of ischemic stroke in the Japanese
Gnidelines for the Management of Stroke 2004 on the ba-
sis of that study [32]. Therefore, in this study, ozagrel was
administered to both the control and cilostazol groups as
a fundamental treatment.

Conclusions

In the present study, addition of cilostazol to conven-
tional antiplatelet treatment did not prevent neurological
deterioration and did not improve functional outcomes
in acute perforating artery infarction, although the rela-
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tively lower rate.of neurological deterioration and signif-
icantly higher improvement rate in the mRS scores were
shown in the cilostazol group. Further trials using larger
cohorts should be considered to confirm the potential ef-

ficacy of cilostazol.
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