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Cerebral vasospasm remains one of the most se-
rious complications in patients with aneurysmal 
SAH, and the resulting ischemic brain damage 

can cause poor outcomes. An international cooperative 
study reported that 39% of morbidity after aneurysmal 
SAH was caused by cerebral vasospasm.21 Angiographic 
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Object. Cerebral vasospasm following aneurysmal subarachnoid hemorrhage (SAH) is a major cause of subse-
quent morbidity and mortality. Cilostazol, a selective inhibitor of phosphodiesterase 3, may attenuate cerebral vaso-
spasm because of its antiplatelet and vasodilatory effects. A multicenter prospective randomized trial was conducted 
to investigate the effect of cilostazol on cerebral vasospasm.

Methods. Patients admitted with SAH caused by a ruptured anterior circulation aneurysm who were in Hunt and 
Kosnik Grades I to IV and were treated by clipping within 72 hours of SAH onset were enrolled at 7 neurosurgical 
sites in Japan. These patients were assigned to one of 2 groups: the usual therapy group (control group) or the add-on 
100 mg cilostazol twice daily group (cilostazol group). The group assignments were done by a computer-generated 
randomization sequence. The primary study end point was the onset of symptomatic vasospasm. Secondary end 
points were the onset of angiographic vasospasm and new cerebral infarctions related to cerebral vasospasm, clinical 
outcome as assessed by the modified Rankin scale, and length of hospitalization. All end points were assessed for the 
intention-to-treat population.

Results. Between November 2009 and December 2010, 114 patients with SAH were treated by clipping within 
72 hours from the onset of SAH and were screened. Five patients were excluded because no consent was given. Thus, 
109 patients were randomly assigned to the cilostazol group (n = 54) or the control group (n = 55). Symptomatic 
vasospasm occurred in 13% (n = 7) of the cilostazol group and in 40% (n = 22) of the control group (p = 0.0021, 
Fisher exact test). The incidence of angiographic vasospasm was significantly lower in the cilostazol group than in 
the control group (50% vs 77%; p = 0.0055, Fisher exact test). Multiple logistic analyses demonstrated that nonuse 
of cilostazol is an independent factor for symptomatic and angiographic vasospasm. The incidence of new cerebral 
infarctions was also significantly lower in the cilostazol group than in the control group (11% vs 29%; p = 0.0304, 
Fisher exact test). Clinical outcomes at 1, 3, and 6 months after SAH in the cilostazol group were better than those 
in the control group, although a significant difference was not shown. There was also no significant difference in the 
length of hospitalization between the groups. No severe adverse event occurred during the study period.

Conclusions. Oral administration of cilostazol is effective in preventing cerebral vasospasm with a low risk 
of severe adverse events. Clinical trial registration no. UMIN000004347, University Hospital Medical Information 
Network Clinical Trials Registry.
(http://thejns.org/doi/abs/10.3171/2012.9.JNS12492)
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Abbreviations used in this paper: CTA = CT angiography; DSA = 
digital subtraction angiography; ICA = internal carotid artery; MCA 
= middle cerebral artery; mRS = modified Rankin Scale; SAH = 
subarachnoid hemorrhage.
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vasospasm was initially confirmed by cerebral angiogra-
phy in the early 1950s,6 and the distribution and severity 
of cerebral vasospasm are well known to correlate with 
those of subarachnoid clots.10,39 Vasoconstriction promot-
ers derived from subarachnoid clots may cause imbal-
ance of vasodilation and vasoconstriction, resulting in 
cerebral vasospasm.

Removal of subarachnoid clots is known to be effec-
tive in preventing the occurrence of cerebral vasospasm. 
Intraoperative bolus injection of tissue-type plasminogen 
activator into the cisterns appeared to be effective,9 but 
a randomized study failed to confirm any preventive ef-
fect against cerebral vasospasm.8 Postoperative cisternal 
irrigation and drainage using tissue-type plasminogen ac-
tivator or urokinase has also been described,22,23,32 but the 
procedure is cumbersome and carries the risk of infec-
tion. In addition to medical treatments, such as calcium 
antagonist,1,30 Rho kinase inhibitor,34 and triple-H thera-
py,28 endovascular treatments including angioplasty7 and 
intraarterial drug administration25,33,41 have been reported 
to be effective in improving cerebral vasospasm. How-
ever, angioplasty can be used only in major arteries and 
cannot be performed for distal arteries because of the risk 
of arterial dissection.7 The effect of intraarterial infusion 
of agents, such as papaverine33 and nimodipine,25 is tem-
porary, and the procedure needs to be repeated to main-
tain the efficacy. Consequently, although the incidence of 
cerebral vasospasm has been gradually reduced by such 
treatments, the risk of symptomatic and angiographic va-
sospasm reportedly remains as high as 20%–50%3,8,38,43 
and 30% to nearly 80%, respectively.1,8,43,46 The detailed 
mechanism and pathogenesis of cerebral vasospasm have 
not been fully elucidated, and cerebral vasospasm is not 
yet completely preventable by any treatment modalities.

Cilostazol is a platelet aggregation inhibitor used for 
the treatment of symptomatic intermittent claudication as-
sociated with peripheral arterial disease or for the preven-
tion of recurrent cerebral infarction, except that caused by 
cardiogenic embolism. Cilostazol does not increase the 
occurrence of cerebral hemorrhage13,35 and selectively in-
hibits phosphodiesterase 3, resulting in an increase in in-
tracellular cyclic adenosine monophosphate.20 Phospho-
diesterase 3 is an isoform strongly expressed in platelets 
and vascular smooth muscle cells, and thus cilostazol has 
effects on the vascular wall as well as platelets.16,20 Cilo-
stazol has a vasodilatory effect on the cerebral arteries in 
healthy individuals,2 and it inhibits cerebral vasospasm 
after SAH in animal models.19,48 Furthermore, cilostazol 
was shown to attenuate cerebral vasospasm in a retro-
spective clinical study.50

The present multicenter prospective randomized trial 
investigated the safety and effectiveness of cilostazol ad-
ministration for the prevention of cerebral vasospasm fol-
lowing aneurysmal SAH.

Methods
Study Design

This multicenter prospective, randomized, open-la-
bel blinded end point trial was performed with the coop-
eration of 7 neurosurgical institutions in Japan. Given the 

risk of recurrent SAH,24 most patients with SAH caused 
by a ruptured anterior circulation aneurysm had been 
treated by clip treatment rather than endovascular treat-
ment at all participating neurosurgical institutions prior 
to the start of this study. Patients with SAH caused by 
a ruptured posterior circulation aneurysm are known to 
be less likely to develop symptomatic vasospasm17 and 
were excluded from this study to avoid bias. Therefore, 
this study included patients admitted to the hospital with 
SAH caused by a ruptured anterior circulation aneurysm 
with Hunt and Kosnik grades of I–IV,18 who were treated 
by clipping within 72 hours after the onset of SAH. Sub-
arachnoid hemorrhage was diagnosed by CT scanning. 
Exclusion criteria were nonaneurysmal SAH, untreatable 
severe SAH in Hunt and Kosnik Grade V, endovascular 
treatment, allergy to cilostazol, pregnancy, known bleed-
ing diatheses, hemorrhagic complications such as gastro-
intestinal bleeding, and severe concomitant diseases such 
as congestive heart failure.

This study was done in accordance with ethics prin-
ciples originating from the Declaration of Helsinki and in 
compliance with ethical guidelines for clinical research. 
The study protocol was evaluated and approved by the 
ethics committees of all participating institutions, and all 
patients or close relatives gave written informed consent. 
This trial is registered with University Hospital Medi-
cal Information Network Clinical Trials Registry (no. 
UMIN000004347).

Randomization and Treatment Protocol
Patients were randomly assigned to one of the fol-

lowing 2 groups: the cilostazol group, which received ci-
lostazol (Otsuka Pharmaceutical Co.) orally or through a 
nasogastric tube, and the control group, which did not re-
ceive cilostazol. Patients were assigned to the groups ac-
cording to a computer-generated randomization sequence 
at the central office of the present study located at the 
University of Yamanashi. The computerized allocation 
was strictly controlled by a person who was independent 
from study personnel, investigators, and the attending 
physicians. 

After confirming the absence of postoperative in-
tracranial hemorrhage on CT the day after surgery, ci-
lostazol 100 mg twice daily was given for 14 days in the 
treatment group. Cilostazol administration was started by 
96 hours after the onset of SAH and by 48 hours after 
surgery. Postoperatively, the conventional postoperative 
treatments adopted by each institution were continued 
in both groups. Basically, a normal circulating blood 
volume was maintained and hypovolemia was avoided, 
and 30 mg fasudil hydrochloride 3 times per day daily 
(Asahi Kasei Pharma Corp.), which is a widely used va-
sodilator that causes Rho-kinase inhibition34 and is rec-
ommended under the Japanese guidelines for the man-
agement of aneurysmal SAH,36,37 was administered for 2 
weeks. Nimodipine, a calcium-channel blocker indicated 
to reduce poor outcome related to aneurysmal SAH,1 was 
not administered because it has not been approved yet in 
Japan. Administration of other antiplatelet agents, such 
as aspirin, ticlopidine hydrochloride, clopidogrel sulfate, 
sodium ozagrel, beraprost sodium, limaprost alfadex, 
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sarpogrelate hydrochloride, and ethyl icosapentate, was 
prohibited during the study period.

Radiological and Clinical Evaluations
Patient demographics, medical history, family his-

tory, coexisting disorders, and precritical mRS score31 
were recorded on admission. Subarachnoid hemorrhage 
was diagnosed using CT scanning, and the severity was 
assessed by Hunt and Kosnik grade. The amount and dis-
tribution of clot demonstrated on the initial CT scan was 
evaluated by the Fisher CT grade, and Hounsfield unit 
values were measured in the basal cistern and in the bilat-
eral sylvian fissures. A ruptured aneurysm was confirmed 
by DSA or CTA.

Either DSA or CTA was performed between 7 and 
10 days after the onset of SAH to assess angiographic 
vasospasm. Computed tomography angiography was per-
formed using a multidetector system at every institution. 
The timing of scanning and threshold intensity were kept 
constant to maintain data reliability, and maximum inten-
sity projection images and multiplanar reconstruction im-
ages were obtained to minimize variations as far as pos-
sible at each institution. Angiographic vasospasm was de-
fined as arterial narrowing not attributable to atheroscle-
rosis, catheter-induced vasospasm, or vessel hypoplasia.12 
The degree of angiographic vasospasm was calculated as 
the ratio of the narrowed vessel diameter on the follow-up 
images to the initial diameter. In each patient, the small-
est diameters of 10 arterial segments of the bilateral distal 
ICAs, M1 and M2 segments of the MCA, and A1 and A2 
segments of the anterior cerebral artery were measured. 
The severity of angiographic vasospasm was categorized 
as follows: none or mild, 0%–25% decrease in vessel di-
ameter on the follow-up images; moderate, 25%–50% 
decrease; and severe, greater than 50% decrease (Fig. 1), 
according to former studies.5,27,45 The most affected seg-
ment was used to determine the severity of angiographic 
vasospasm, and moderate or severe categories were de-
fined as the occurrence of angiographic vasospasm. The 
distribution of angiographic vasospasm of each patient 
was further classified as follows: local, localized to one 
side; and diffuse bilateral vasospasm.

Computed tomography scanning or MRI was sched-
uled for assessment of new cerebral infarctions at 4 time 
points after surgery (the next day, 7 ± 2 days, 14 ± 2 days, 

and 1 month after surgery). Low-density areas on CT or 
signal changes on MRI performed the day after surgery 
were defined as procedure-related infarctions or brain 
damage, and ischemic lesions demonstrated by follow-up 
CT scanning or MRI were interpreted as new cerebral 
infarctions caused by cerebral vasospasm, regardless of 
any association with symptoms. The locations of the new 
cerebral infarctions were classified into 2 categories: ter-
ritories of the parent artery of the ruptured aneurysm and 
other territories.

All patients were kept under close observation, and 
clinical symptoms of cerebral vasospasm were evaluated 
for 14 days. Symptomatic vasospasm was defined as de-
velopment of a new focal or global neurological deficit or 
deterioration of at least 2 points on the Glasgow Coma 
Scale,42 which was not explained by initial hemorrhage, 
rebleeding, hydrocephalus, surgical complications, fever, 
infections, or electrolyte or metabolic disturbances re-
gardless of cerebral infarctions on CT scanning or MRI 
and angiographic vasospasm on DSA or CTA.11,12,14 Clini-
cal outcomes were evaluated using the mRS at 1, 3, and 
6 months after surgery, with outcomes divided into mRS 
scores of  0–2 and 3–6, and the total duration of hospital-
ization was also recorded.

The primary end point was the onset of symptom-
atic vasospasm. Secondary end points were the onset of 
angiographic vasospasm, new cerebral infarctions related 
to cerebral vasospasm, clinical outcomes, and length of 
hospitalization. All end points were assessed for the in-
tention-to-treat population. All radiological and clinical 
assessments were done based on clinical chart and hard 
copy films provided by each institution by 2 physicians 
on the evaluation committee who had no information re-
garding the allocation, independently from the attending 
physicians.

Adverse events of cilostazol were evaluated from the 
start of administration to 3 days after discontinuation; the 
effect of cilostazol has been reported to resolve within 
96 hours after discontinuing medication.49 All adverse 
events occurring during the period were recorded. The 
rates of hemorrhagic and cardiac events were especially 
analyzed to assess drug safety.

Statistical Analysis
Sample size estimation was calculated according to 

Fig. 1. Examples of severity of angiographic vasospasm involving the right M1 segment as follows: none or mild, 0–25% de-
crease in vessel diameter compared with the initial diameter (A), moderate, 25–50% decrease (B), and severe, > 50% decrease 
(C). The arrows indicate the most affected portion used to determine the individual severity of angiographic vasospasm.
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the study of Yoshimoto et al.,50 which was reported from 
a single neurological institute and was the only study 
available at the time of study design. In that study, 37.5% 
of the control group and 19.2% of the cilostazol group 
had symptomatic vasospasm. Based on these values, the 
required sample size for a 2-tailed test with a 5% sig-
nificance level and 80% power was 44 patients for each 
study group. Assuming a dropout of 10%, the required 
sample size was 50 for each study group. Intergroup dif-
ferences were measured using the Student t-test, Wilcox-
on rank sum test, Pearson chi-square test, or Fisher exact 
probability test. A 2-sided probability value < 0.05 was 
considered as significant. Clinical factors affecting symp-
tomatic and angiographic vasospasm was assessed using 
multiple logistic regression analysis after confirming ap-
parent influential factors by univariate analysis.

Results
Patient Characteristics

Between November 2009 and December 2010, 114 
patients with SAH were treated by clipping within 72 
hours of the onset of SAH and were screened. Informed 
consent was not obtained from 5 patients. Finally, 109 
patients were randomly assigned to the cilostazol group 
(n = 54) or the control group (n = 55). No protocol viola-
tion was found in the population (Fig. 2). No significant 
difference in the demographic and background data of 
the patients, including age, sex, medical history, severity 
of SAH, and location of aneurysm, was found between 
the groups (Table 1). The drugs used and external CSF 
drainage after clipping were similar in both groups. In-
travenous fasudil hydrochloride was administered in all 
patients in both groups.

Study End Points
The primary and secondary end points are shown 

in Table 2. Symptomatic vasospasm occurred at a lower 
incidence in the cilostazol group (7 [13.0%]) than in the 
control group (22 [40.0%]; p = 0.0021). The incidence of 
symptomatic vasospasm was significantly different be-
tween the cilostazol and control groups even after strati-
fication by Hunt and Kosnik grades as Grades I/II and 
III/IV (Table 3). Factors apparently relating to the occur-
rence of symptomatic vasospasm were Hunt and Kosnik 
grade, nonuse of cilostazol, and external CSF drainage. 
Multiple logistic analyses demonstrated that nonuse of 
cilostazol and external CSF drainage were independent 
factors for symptomatic vasospasm (Table 4).

Postoperative DSA was performed in nearly half of 
the patients in both groups, and no significant difference 
was shown in diagnostic modalities between the groups. 
The occurrence of angiographic vasospasm was signifi-
cantly lower in the cilostazol group (50.0% [27 patients]) 
than in the control group (76.4% [42 patients]; p = 0.0055). 
There was a significant difference between groups in Hunt 
and Kosnik Grades I and II, but not in Hunt and Kosnik 
Grades III and IV. The severity of angiographic vaso-
spasm for each patient was also significantly lower in the 
cilostazol group than in the control group (p = 0.0048). 
The occurrence of none or mild, moderate, and severe 
angiographic vasospasm was 50.0% (n = 27), 31.5% (n 
= 17), and 18.5% (n = 10), respectively, in the cilostazol 
group, and 23.6% (n = 13), 32.7% (n = 18), and 43.6% (n 
= 24), respectively, in the control group. Figure 3 shows 
the severity of angiographic vasospasm in each segment, 
which was significantly lower in the cilostazol group than 
in the control group (p < 0.05) except for the left A2 and 
M1 segments. The distribution of angiographic vasospasm 
was significantly different (p = 0.0156), and the diffuse 

Fig. 2. Diagram showing the patient group assignments.
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type was more common in the control group. In patients 
with symptomatic vasospasm, severe angiographic vaso-
spasm and diffuse type of angiographic vasospasm were 
more common (Table 5). Despite detection of none or 

only mild angiographic vasospasm, 2 patients in the cilo-
stazol group and 1 patient in the control group presented 
with symptomatic vasospasm. Apparent clinical factors 
associated with the occurrence of angiographic vaso-
spasm were smoking, Hunt and Kosnik grade, nonuse of 
cilostazol, and external CSF drainage. Multiple logistic 
analyses demonstrated that nonuse of cilostazol was the 
only factor affecting angiographic vasospasm (Table 6). 
Computed tomography was performed in almost all pa-
tients in both groups, and no significant difference was 
shown in diagnostic modalities between the groups. The 
occurrence of new cerebral infarctions was significantly 
lower in the cilostazol group (11.1% [6 patients]) than in 
the control group (29.1% [16 patients]; p = 0.0304). New 

TABLE 1: Clinical and radiological characteristics of patients in 
the cilostazol and control groups*

Characteristic

Value†

p Value‡Cilostazol Control

no. of patients 54 55
mean age (yrs) 60.0 ± 12.5 61.3 ± 12.7 0.5835
female sex 35 (64.8) 33 (60.0) 0.6936
hypertension 25 (46.3) 27 (49.1) 0.8487
diabetes mellitus 8 (14.8) 8 (14.5) 1.0000
dyslipidemia 16 (29.6) 13 (23.6) 0.5211
current smoker 15 (27.8) 23 (41.8) 0.1600
coronary artery disease 0 (0.0) 1 (1.8) 1.0000
stroke 3 (5.6) 3 (5.5) 1.0000
peripheral artery disease 0 (0.0) 0 (0.0)
mRS score before onset 
 of SAH

1.0000

  0 53 (98.1) 53 (96.4)
  1 1 (1.9) 2 (3.6)
H & K grade on admission 0.8736
 I 3 (5.6) 3 (5.5)
 II 23 (42.6) 20 (36.4)
 III 20 (37.0) 21 (38.2)
 IV 8 (14.8) 11 (20.0)
Fisher CT grade 0.2314
 2 8 (14.8) 3 (5.5)
 3 37 (68.5) 44 (80.0)
 4 9 (16.7) 8 (14.5)
mean Hounsfield unit
 basal cistern 54.8 ± 10.3 54.2 ± 11.3 0.9045
 rt sylvian fissure 56.9 ± 10.7 54.5 ± 11.9 0.2696
 lt sylvian fissure 53.6 ± 12.5 53.2 ± 11.5 0.7121
aneurysm location 0.1653
 ACA 22 (40.7) 20 (36.4)
 ICA 12 (22.2) 21 (38.2)
 MCA 20 (37.0) 14 (25.5)
drugs used after clipping
 calcium-channel blockers 
  (except nimodipine)

2 (3.7) 2 (3.6) 1.0000

 intravenous fasudil hydro- 
  chloride

54 (100) 55 (100)

 intraarterial infusion of 
  fasudil hydrochloride

6 (11.1) 13 (23.6) 0.1287

external CSF drainage 29 (53.7) 29 (52.7) 1.0000

* ACA = anterior cerebral artery (including the anterior communicating 
artery); H & K = Hunt and Kosnik.
† Mean values are presented as the mean ± SD. All other values are 
the number of patients (%).
‡ Calculated using the Student t-test, the Wilcoxon rank-sum test, the 
Pearson chi-square test, or the Fisher exact probability test.

TABLE 2: Primary and secondary end points in the cilostazol and 
control groups

Parameter

Value* p 
Value†Cilostazol Control

no. of patients 54 55
no. w/ symptomatic vasospasm 7 (13.0) 22 (40.0) 0.0021
diagnostic modality of angio- 
 graphic vasospasm

1.0000

  DSA 26 (48.1) 26 (47.3)
  CTA 28 (51.9) 29 (52.7)
no. w/ angiographic vasospasm 27 (50.0) 42 (76.4) 0.0055
severity of vasospasm 0.0048
 none or mild 27 (50.0) 13 (23.6)
 moderate 17 (31.5) 18 (32.7)
 severe 10 (18.5) 24 (43.6)
distribution 0.0156
 local 13/27 (48.1) 8/42 (19.0)
 diffuse 14/27 (51.9) 34/42 (81.0)
cerebral infarction
 diagnostic modality of cere- 
  bral infarction

0.2159

   CT 42 (77.8) 48 (87.3)
   MRI 12 (22.2) 7 (12.7)
 infarction or brain damage in 
  total

11 (20.4) 21 (38.2) 0.0579

 new infarction caused by ce- 
  rebral vasospasm

6 (11.1) 16 (29.1) 0.0304

   location 1.0000
    parent artery terri- 
     tories

3/6 (50.0) 8/16 (50.0)

    other territories 3/6 (50.0) 8/16 (50.0)
mRS score 0–2 postop
 1 39 (72.2) 33 (60.0) 0.2257
 3 47 (87.0) 40 (72.7) 0.0938
 6 48 (88.9) 41 (74.5) 0.0818
mean hospital stay (days) 74.8 ± 68.9 88.4 ± 76.8 0.3305

* Mean values are presented as the mean ± SD. All other values are 
the number of patients (%).
† Calculated using the Fisher exact probability test or the Pearson chi-
square test.
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cerebral infarctions occurred equally in the parent artery 
territory and other territories in both groups. Clinical out-
comes using the mRS at 1, 3, and 6 months after SAH 
are shown in Fig. 4. Although no statistically significant 
difference was found, the cilostazol group tended to have 
better outcomes than the control group. There was no dif-
ference in the mortality rate between the groups. In the 
cilostazol group, one patient died of severe pneumonia on 
Day 21, and another patient died of a dissecting aneurysm 
of the aorta on Day 28 after the onset of SAH. In the 
control group, one patient died of a dissecting aneurysm 
of the aorta on Day 11, and another died of a new infarc-
tion caused by severe cerebral vasospasm on Day 10 after 
the onset of SAH. No significant difference regarding the 
hospitalization period was found between the groups.

Adverse Events
The adverse events of cilostazol during the follow-up 

period are shown in Table 7. Hemorrhagic events occurred 
in 3 patients in the cilostazol group (1 gastrointestinal 
hemorrhage, 1 epidural hematoma, and 1 intracerebral 
hemorrhage). These 3 patients did not receive further cilo-
stazol and could be managed without additional surgical 
treatment. Hemorrhagic events occurred in 2 patients in 
the control group (2 gastrointestinal hemorrhages). Car-
diac events occurred in 3 patients in the cilostazol group 
(sinus tachycardia in 1 and paroxysmal atrial fibrillation 
in 2). All patients improved after discontinuing cilostazol. 
Sinus tachycardia and hypotension occurred in 1 patient 
each in the control group. Other adverse events specified 
to cilostazol were not identified. The number of adverse 
events in both groups was equal. Additionally, no blood 
abnormalities were detected in the cilostazol group.

Discussion
In this study, cilostazol effectively reduced the in-

cidence of symptomatic and angiographic vasospasm as 
proven in univariate and multivariate analyses. Based on 
the multiple logistic analyses, use of cilostazol reduced 
symptomatic vasospasm to 17% and angiographic va-
sospasm to 30%, and cilostazol was the only common 
factor that reduced symptomatic and angiographic vaso-
spasm. Use of external CSF drainage was another factor 

associated with symptomatic vasospasm, and this may 
be because the procedure might have been performed in 
patients with massive hemorrhage. The other findings of 
this study were that cilostazol reduced the incidence of 
new cerebral infarctions; cilostazol tended to improve 
the clinical outcome for patients with aneurysmal SAH, 
although no significant difference was shown; and cilo-
stazol did not cause serious adverse events during the 
acute stage of aneurysmal SAH.

The effects of cilostazol are basically mediated by 
inhibition of phosphodiesterase 3 in smooth muscle cells 
and platelets, leading to relaxation of intact smooth mus-
cle cells and inhibition of platelet aggregation. Cilostazol 
caused dilation of the MCA without adverse effects on 
cerebral blood flow and blood pressure compared with 
placebo in healthy individuals.2 Cilostazol attenuated 
cerebral vasospasm in animal models of SAH, which 
was confirmed by radiographic evaluation.19,48 Addition-
ally, cilostazol has effects on vascular endothelial cells to 
prevent endothelial damage.16,48 Oxyhemoglobin derived 
from subarachnoid clots is cytotoxic and leads to apopto-
sis of endothelial cells in vitro and in vivo.26,48 Endothelial 
damage causes coagulation and microthrombosis follow-
ing platelet adhesion to endothelial cells. Microthrombo-
sis is reported to be one of the important factors in the 
occurrence of delayed cerebral ischemia after aneurys-
mal SAH.44 The present findings that the incidence of 
symptomatic and angiographic vasospasm and new cere-
bral infarctions were significantly lower in the cilostazol 
group may be supported by these reports.

Various agents are effective for the prevention of ce-
rebral vasospasm. Oral nimodipine, a calcium-channel 
blocker used worldwide, reduces the relative incidenc-
es of cerebral infarction by 34% and poor outcome by 
40%,30 but the effects are probably caused by the direct 
neuroprotective properties rather than any vasodilatory 
effect.1 Nimodipine was not used in this study because 
it is not an approved drug in Japan, and other calcium-
channel blockers were used in a minority of patients in 
both groups only for controlling blood pressure. Intrave-
nous fasudil hydrochloride reduces the relative incidence 
of symptomatic vasospasm by 30% and angiographic 
vasospasm by 38%, and consequently improves clinical 
outcome.34 Therefore, administration of fasudil hydro-
chloride was allowed in this study, and consequently, all 
patients received intravenous fasudil hydrochloride. In-
traarterial infusion of fasudil hydrochloride also prevents 
cerebral vasospasm, although the effect is temporary.41 

TABLE 3: Stratified analysis by Hunt and Kosnik grade of 
symptomatic and angiographic vasospasm in the cilostazol 
and control groups

Parameter

No. of Patients (%)

p Value*Cilostazol Control

H & K Grade I & II 26 23
 symptomatic vasospasm 0 (0.0) 5 (21.7) 0.0176
 angiographic vasospasm 9 (34.6) 17 (73.9) 0.0096
H & K Grade III & IV 28 32
 symptomatic vasospasm 7 (25.0) 17 (53.1) 0.0358
 angiographic vasospasm 18 (64.3) 25 (78.1) 0.2644

* Calculated using the Fisher exact probability test.

TABLE 4: Factors affecting symptomatic vasospasm*

Factor
Parameter 
Estimate

Standard 
Error p Value OR

age (≥60 yrs) 0.081 0.265 0.7603 1.18
H & K Grade I or II −0.515 0.315 0.1021 0.36
cilostazol† −0.899 0.278 0.0012 0.17
external CSF drainage† 1.017 0.333 0.0023 7.62

* Based on results of multiple logistic analyses.
† Identified as related factors.
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Patients undergoing this procedure were more often in 
the control group than in the cilostazol group but with 
no significant difference, suggesting that severe cerebral 
vasospasm requiring this procedure occurred more often 
in the control group.

The present clinical randomized trial indicated that 
cilostazol is effective for the prevention of symptomatic 
and angiographic vasospasm and cerebral infarctions in 
patients with SAH caused by ruptured anterior circulation 
aneurysms treated by clipping for the first time. Symp-
tomatic and angiographic vasospasm occurs in 20%–50% 
and 30% to nearly 80% of patients with aneurysmal SAH, 

respectively.1,3,8,38,43,46 Incidence of symptomatic and an-
giographic vasospasm in the control group of the pres-
ent study appeared to be relatively higher than that of the 
former studies. However, the difference might be derived 
from the study design and treatment protocol. In some 
previous studies in which cerebral vasospasm was evalu-
ated in the same way as the present study, symptomatic 
and angiographic vasospasm were seen in 33%–46%11,14 
and 62%–71% of patients, respectively.5,27,45 The results 
of the present study are consistent with these reports. The 
present study failed to prove any significant difference in 
clinical outcome between groups, possibly because the 
clinical outcome is affected by not only cerebral vaso-
spasm but also by other factors, such as initial brain dam-
age, surgical complications, or systemic complications. 
The sample of the present study is small; a larger number 
of patients is required to prove the significant effects of 

TABLE 5: The severity and distribution of angiographic 
vasospasm in patients with symptomatic vasospasm in the 
cilostazol and control groups

Parameter

No. of Patients (%) p 
Value*Cilostazol Control

no. w/ symptomatic vasospasm  7 22
severity of angiographic vasospasm 0.0924
 none or mild 2 (28.6) 1 (4.5)
 moderate 2 (28.6) 3 (13.6)
 severe 3 (42.8) 18 (81.8)
distribution of angiographic vasospasm 1.0000
 local 1 (14.3) 3 (13.6)
 diffuse 4 (57.1) 18 (81.8)

* Calculated using the Pearson chi-square test.

TABLE 6: Factors affecting angiographic vasospasm*

Factor
Parameter 
Estimate

Standard 
Error p Value OR

age (≥60 yrs) −0.126 0.237 0.5948 0.78
smoking 0.294 0.259 0.2577 1.80
H & K Grade I or II −0.176 0.246 0.4733 0.70
cilostazol† −0.604 0.223 0.0067 0.30
external CSF drainage 0.377 0.247 0.1262 2.13

* Based on results of multiple logistic analyses.
† Identified as related factor.

Fig. 3. Severity of angiographic vasospasm in each segment. In the pairings, the bars on the left indicate the cilostazol group 
and the bars on the right indicate the control group. The p values were calculated using the Pearson chi-square test.
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cilostazol administration on clinical outcome. In con-
trast, a previous study reported that cilostazol improved 
clinical outcome at discharge after SAH, but it had no 
preventive effect on symptomatic vasospasm and cerebral 
infarction.40 This discrepancy may be due to differences 
in the study design. The effects of cilostazol may not be 
different from others, such as intravenous nicardipine14,15 
and clazosentan, which have shown reduction in cerebral 
vasospasm without improvement in outcome.43

Cilostazol administration is a simple and safe treat-
ment, which can be added to any conventional treatments 
without an increase in adverse events. The reason that 
hemorrhagic complications did not increase in the cilo-
stazol group may be related to the fact that cilostazol does 
not prolong bleeding time.47 Although no significant dif-
ference in the occurrence of cardiac complications was 
found, it should be noted that patients with severe SAH 
with Hunt and Kosnik Grade V and congestive heart fail-

ure were excluded from this study. Other common side ef-
fects of cilostazol, such as headache, dizziness, or nausea, 
are generally found to occur after SAH; therefore, these 
symptoms were not regarded as specific side effects of ci-
lostazol, and the true occurrence rate of these symptoms 
remains unknown.

There are some limitations in this study. One is the 
possibility that the use of CTA led to an underestimation 
of the incidence and severity of angiographic vasospasm. 
The gold standard is DSA, but the risk for procedure-
related stroke cannot be eliminated, and this procedure 
is more costly than CTA. Computed tomography angi-
ography has been widely used for evaluating intracranial 
vascular lesions and has recently been recommended to 
evaluate angiographic vasospasm based on the high accu-
racy and convenience.4,27,29 However, CTA is considered 
to be inferior to DSA in revealing vasospasm in the pe-
ripheral arteries, and thus evaluation was limited to the 
large arteries in this study. The reason that 2 patients in 
the cilostazol group and 1 patient in the control group 
presented with symptomatic vasospasm despite detection 
of none or only mild angiographic vasospasm was likely 
due to angiographic vasospasm of the peripheral arteries 
or other mechanisms, such as microthrombosis.44 Anoth-
er limitation is the possibility that the use of CT led to an 
underestimation of the incidence of cerebral infarctions 
compared with MRI. Third, the enrollment was limited 
to patients with SAH caused by ruptured anterior circula-
tion aneurysms in Hunt and Kosnik Grades I–IV treated 
by clipping to avoid bias of the treatment modality. Cur-
rently, the number of endovascular treatments for rup-
tured anterior circulation aneurysms has been increasing 
in all participating neurosurgical institutions as well as 
in the world. Therefore, additional evaluation of patients 
treated by coiling is necessary for general versatility. Fi-
nally, this study demonstrated that cilostazol may be safe 

TABLE 7: Occurrence of adverse events in the cilostazol and 
control groups

Adverse Event

No. of Patients

Cilostazol Control

overall adverse events 6 4
hemorrhagic events 3 2
 gastrointestinal hemorrhage 1 2
 epidural hematoma 1 0
 intracerebral hemorrhage 1 0
cardiac events 3 2
 sinus tachycardia 1 1
 paroxysmal atrial fibrillation 2 0
 hypotension 0 1

Fig. 4. Graph showing the number of patients in each mRS group evaluated 1, 3, and 6 months after surgery. Numbers in the 
key below the graph represent mRS scores.
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for the acute stage of SAH and effective for the preven-
tion of cerebral vasospasm and for improvement in final 
outcome after surgical treatment for aneurysmal SAH. 
However, it should be noted that there are differences in 
the use of drugs for cerebral vasospasm, and therefore the 
results of the present study may not necessarily apply to 
patients in other parts of world. Furthermore, this study is 
an open-label trial without placebo, and therefore the at-
tending physicians were not completely blind to treatment 
allocation. These preliminary findings need to be further 
explored by larger prospective randomized double-blind 
trials with placebo.

Conclusions
Cilostazol reduced the incidence of symptomatic and 

angiographic vasospasm and new cerebral infarctions re-
lated to cerebral vasospasm in this study. Oral adminis-
tration of cilostazol is an effective treatment for cerebral 
vasospasm with a low risk of severe adverse events.

Disclosure

The authors report no conflict of interest concerning the mate-
rials or methods used in this study or the findings specified in this 
paper.

Author contributions to the study and manuscript preparation 
include the following. Conception and design: Kinouchi, Kanemaru. 
Acquisition of data: Senbokuya, Kanemaru, Ohashi, Fukamachi, 
Yagi, Shimizu, Furuya, Uchida, Takeuchi, Nakano, Koizumi, Ko-  
ba y ashi, Fukasawa, Takahashi, Kuroda, Nishiyama, Yoshioka, Hor-
ikoshi. Analysis and interpretation of data: Senbokuya, Kanemaru. 
Drafting the article: Senbokuya. Critically revising the article: all 
authors. Reviewed submitted version of manuscript: all authors. 
Approved the final version of the manuscript on behalf of all authors: 
Kinouchi. Statistical analysis: Senbokuya, Horikoshi. Study supervi-
sion: Kinouchi.

References

 1. Bederson JB, Connolly ES Jr, Batjer HH, Dacey RG, Dion JE, 
Diringer MN, et al: Guidelines for the management of aneu-
rysmal subarachnoid hemorrhage: a statement for healthcare 
professionals from a special writing group of the Stroke Coun-
cil, American Heart Association. Stroke 40:994–1025, 2009

 2. Birk S, Kruuse C, Petersen KA, Jonassen O, Tfelt-Hansen P, 
Olesen J: The phosphodiesterase 3 inhibitor cilostazol dilates 
large cerebral arteries in humans without affecting regional 
cerebral blood flow. J Cereb Blood Flow Metab 24:1352–
1358, 2004

 3. Charpentier C, Audibert G, Guillemin F, Civit T, Ducrocq X, 
Bracard S, et al: Multivariate analysis of predictors of cerebral 
vasospasm occurrence after aneurysmal subarachnoid hemor-
rhage. Stroke 30:1402–1408, 1999

 4. Chaudhary SR, Ko N, Dillon WP, Yu MB, Liu S, Criqui GI, 
et al: Prospective evaluation of multidetector-row CT angiog-
raphy for the diagnosis of vasospasm following subarachnoid 
hemorrhage: a comparison with digital subtraction angiogra-
phy. Cerebrovasc Dis 25:144–150, 2008

 5. Dankbaar JW, Rijsdijk M, van der Schaaf IC, Velthuis BK, 
Wermer MJH, Rinkel GJE: Relationship between vasospasm, 
cerebral perfusion, and delayed cerebral ischemia after aneu-
rysmal subarachnoid hemorrhage. Neuroradiology 51:813–
819, 2009

 6. Ecker A, Riemenschneider PA: Arteriographic demonstration 
of spasm of the intracranial arteries, with special reference to 
saccular arterial aneurysms. J Neurosurg 8:660–667, 1951

 7. Eskridge JM, McAuliffe W, Song JK, Deliganis AV, Newell 
DW, Lewis DH, et al: Balloon angioplasty for the treatment of 
vasospasm: results of first 50 cases. Neurosurgery 42:510–
517, 1998

 8. Findlay JM, Kassell NF, Weir BK, Haley EC Jr, Kongable G, 
Germanson T, et al: A randomized trial of intraoperative, in-
tracisternal tissue plasminogen activator for the prevention of 
vasospasm. Neurosurgery 37:168–178, 1995

 9. Findlay JM, Weir BK, Kassell NF, Disney LB, Grace MG: 
Intracisternal recombinant tissue plasminogen activator after 
aneurysmal subarachnoid hemorrhage. J Neurosurg 75:181–
188, 1991

10. Fisher CM, Kistler JP, Davis JM: Relation of cerebral vaso-
spasm to subarachnoid hemorrhage visualized by computer-
ized tomographic scanning. Neurosurgery 6:1–9, 1980

11. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, Temes 
R, Connolly ES Jr, et al: Prediction of symptomatic vaso-
spasm after subarachnoid hemorrhage: the modified fisher 
scale. Neurosurgery 59:21–27, 2006

12. Frontera JA, Fernandez A, Schmidt JM, Claassen J, Wart-
enberg KE, Badjatia N, et al: Defining vasospasm after sub-
arachnoid hemorrhage: what is the most clinically relevant 
definition? Stroke 40:1963–1968, 2009

13. Gotoh F, Tohgi H, Hirai S, Terashi A, Fukuuchi Y, Otomo E, 
et al: Cilostazol stroke prevention study: a placebo-controlled 
double-blind trial for secondary prevention of cerebral infarc-
tion. J Stroke Cerebrovasc Dis 9:147–157, 2000

14. Haley EC Jr, Kassell NF, Torner JC: A randomized controlled 
trial of high-dose intravenous nicardipine in aneurysmal sub-
arachnoid hemorrhage. A report of the Cooperative Aneu-
rysm Study. J Neurosurg 78:537–547, 1993

15. Haley EC Jr, Kassell NF, Torner JC, Truskowski LL, German-
son TP: A randomized trial of two doses of nicardipine in 
aneurysmal subarachnoid hemorrhage. A report of the Coop-
erative Aneurysm Study. J Neurosurg 80:788–796, 1994

16. Hashimoto A, Miyakoda G, Hirose Y, Mori T: Activation of 
endothelial nitric oxide synthase by cilostazol via a cAMP/
protein kinase A- and phosphatidylinositol 3-kinase/Akt-de-
pendent mechanism. Atherosclerosis 189:350–357, 2006

17. Hirashima Y, Kurimoto M, Hori E, Origasa H, Endo S: Lower 
incidence of symptomatic vasospasm after subarachnoid hem-
orrhage owing to ruptured vertebrobasilar aneurysms. Neuro-
surgery 57:1110–1116, 2005

18. Hunt WE, Kosnik EJ: Timing and perioperative care in in-
tracranial aneurysm surgery. Clin Neurosurg 21:79–89, 1974

19. Ito H, Fukunaga M, Suzuki H, Miyakoda G, Ishikawa M, 
Yabuuchi Y, et al: Effect of cilostazol on delayed cerebral va-
sospasm after subarachnoid hemorrhage in rats: evaluation us-
ing black blood magnetic resonance imaging. Neurobiol Dis 
32:157–161, 2008

20. Kambayashi J, Liu Y, Sun B, Shakur Y, Yoshitake M, Czer-
wiec F: Cilostazol as a unique antithrombotic agent. Curr 
Pharm Des 9:2289–2302, 2003

21. Kassell NF, Torner JC, Haley EC Jr, Jane JA, Adams HP, 
Kongable GL: The international cooperative study on the tim-
ing of aneurysm surgery. Part 1: overall management results. 
J Neurosurg 73:18–36, 1990

22. Kinouchi H, Ogasawara K, Shimizu H, Mizoi K, Yoshimoto 
T: Prevention of symptomatic vasospasm after aneurysmal 
subarachnoid hemorrhage by intraoperative cisternal fibrino-
lysis using tissue-type plasminogen activator combined with 
continuous cisternal drainage. Neurol Med Chir (Tokyo) 44: 
569–577, 2004

23. Mizoi K, Yoshimoto T, Takahashi A, Fujiwara S, Koshu K, 
Sugawara T: Prospective study on the prevention of cerebral 
vasospasm by intrathecal fibrinolytic therapy with tissue-type 
plasminogen activator. J Neurosurg 78:430–437, 1993

24. Molyneux AJ, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade 
M, et al: Risk of recurrent subarachnoid haemorrhage, death, 



N. Senbokuya et al.

130                                                                                                                      J Neurosurg / Volume 118 / January 2013

or dependence and standardised mortality ratios after clipping 
or coiling of an intracranial aneurysm in the International 
Sub arachnoid Aneurysm Trial (ISAT): long-term follow-up. 
Lan cet Neurol 8:427–433, 2009

25. Musahl C, Henkes H, Vajda Z, Coburger J, Hopf N: Continu-
ous local intra-arterial nimodipine administration in severe 
symptomatic vasospasm after subarachnoid hemorrhage. 
Neu ro surgery 68:1541–1547, 2011

26. Ogihara K, Zubkov AY, Bernanke DH, Lewis AI, Parent AD, 
Zhang JH: Oxyhemoglobin-induced apoptosis in cultured en-
dothelial cells. J Neurosurg 91:459–465, 1999

27. Okiyama K, Machida T, Fujikawa A, Nagano O, Aoyagi K, 
Nomura R, et al: [Evaluation of cerebral vasospasm after 
subarachnoid hemorrhage based on serial 3D-CTA findings.] 
Surg Cereb Stroke 39:7–13, 2011 (Jpn)

28. Origitano TC, Wascher TM, Reichman OH, Anderson DE: 
Sustained increased cerebral blood flow with prophylactic 
hypertensive hypervolemic hemodilution (“triple-H” therapy) 
after subarachnoid hemorrhage. Neurosurgery 27:729–740, 
1990

29. Otawara Y, Ogasawara K, Ogawa A, Sasaki M, Takahashi K: 
Evaluation of vasospasm after subarachnoid hemorrhage by 
use of multislice computed tomographic angiography. Neuro-
surgery 51:939–943, 2002

30. Pickard JD, Murray GD, Illingworth R, Shaw MD, Teasdale 
GM, Foy PM, et al: Effect of oral nimodipine on cerebral in-
farction and outcome after subarachnoid haemorrhage: Brit-
ish aneurysm nimodipine trial. BMJ 298:636–642, 1989

31. Rankin J: Cerebral vascular accidents in patients over the age 
of 60. II. Prognosis. Scott Med J 2:200–215, 1957

32. Sasaki T, Kodama N, Kawakami M, Sato M, Asari J, Sakurai 
Y, et al: Urokinase cisternal irrigation therapy for prevention 
of symptomatic vasospasm after aneurysmal subarachnoid 
hemorrhage: a study of urokinase concentration and the fibri-
nolytic system. Stroke 31:1256–1262, 2000

33. Sawada M, Hashimoto N, Tsukahara T, Nishi S, Kaku Y, Yo-
shimura S: Effectiveness of intra-arterially infused papaver-
ine solutions of various concentrations for the treatment of 
cerebral vasospasm. Acta  Neurochir  (Wien) 139:706–711, 
1997

34. Shibuya M, Suzuki Y, Sugita K, Saito I, Sasaki T, Takakura K, 
et al: Effect of AT877 on cerebral vasospasm after aneurysmal 
subarachnoid hemorrhage. Results of a prospective placebo-
controlled double-blind trial. J Neurosurg 76:571–577, 1992

35. Shinohara Y, Katayama Y, Uchiyama S, Yamaguchi T, Handa 
S, Matsuoka K, et al: Cilostazol for prevention of secondary 
stroke (CSPS 2): an aspirin-controlled, double-blind, ran-
domised non-inferiority trial. Lancet  Neurol 9:959–968, 
2010

36. Shinohara Y, Ogawa A, Suziki N, Katayama Y, Kimura A 
(eds): [Treatment of delayed cerebral vasospasm, in: Japanese 
Guidelines  for  the Management  of  Stroke  2009.] Tokyo: 
Kyowa Kikaku, 2009, pp 211–213 (Jpn)

37. Shinohara Y, Yamaguchi T: Outline of the Japanese Guide-
lines for the Management of Stroke 2004 and subsequent revi-
sion. Int J Stroke 3:55–62, 2008

38. Solenski NJ, Haley EC Jr, Kassell NF, Kongable G, German-
son T, Truskowski L, et al: Medical complications of aneu-
rysmal subarachnoid hemorrhage: a report of the multicenter, 
cooperative aneurysm study. Participants of the Multicenter 
Cooperative Aneurysm Study. Crit Care Med 23:1007–1017, 
1995

39. Suzuki J, Komatsu S, Sato T, Sakurai Y: Correlation between 

CT findings and subsequent development of cerebral infarc-
tion due to vasospasm in subarachnoid haemorrhage. Acta 
Neurochir (Wien) 55:63–70, 1980

40. Suzuki S, Sayama T, Nakamura T, Nishimura H, Ohta M, In-
oue T, et al: Cilostazol improves outcome after subarachnoid 
hemorrhage: a preliminary report. Cerebrovasc Dis 32:89–
93, 2011

41. Tachibana E, Harada T, Shibuya M, Saito K, Takayasu M, Su-
zuki Y, et al: Intra-arterial infusion of fasudil hydrochloride 
for treating vasospasm following subarachnoid haemorrhage. 
Acta Neurochir (Wien) 141:13–19, 1999

42. Teasdale G, Jennett B: Assessment of coma and impaired con-
sciousness. A practical scale. Lancet 2:81–84, 1974

43. Vajkoczy P, Meyer B, Weidauer S, Raabe A, Thome C, Ringel 
F, et al: Clazosentan (AXV-034343), a selective endothelin A 
receptor antagonist, in the prevention of cerebral vasospasm 
following severe aneurysmal subarachnoid hemorrhage: re-
sults of a randomized, double-blind, placebo-controlled, mul-
ticenter phase IIa study. J Neurosurg 103:9–17, 2005

44. Vergouwen MD, Vermeulen M, Coert BA, Stroes ES, Roos 
YB: Microthrombosis after aneurysmal subarachnoid hem-
orrhage: an additional explanation for delayed cerebral isch-
emia. J Cereb Blood Flow Metab 28:1761–1770, 2008

45. Voldby B, Enevoldsen EM, Jensen FT: Regional CBF, intra-
ventricular pressure, and cerebral metabolism in patients with 
ruptured intracranial aneurysms. J Neurosurg 62:48–58, 
1985

46. Weidauer S, Lanfermann H, Raabe A, Zanella F, Seifert V, 
Beck J: Impairment of cerebral perfusion and infarct patterns 
attributable to vasospasm after aneurysmal subarachnoid 
hemorrhage: a prospective MRI and DSA study. Stroke 38: 
1831–1836, 2007

47. Wilhite DB, Comerota AJ, Schmieder FA, Throm RC, 
Gaughan JP, Rao AK: Managing PAD with multiple platelet 
inhibitors: the effect of combination therapy on bleeding time. 
J Vasc Surg 38:710–713, 2003

48. Yamaguchi-Okada M, Nishizawa S, Mizutani A, Namba H: 
Multifaceted effects of selective inhibitor of phosphodiester-
ase III, cilostazol, for cerebral vasospasm after subarachnoid 
hemorrhage in a dog model. Cerebrovasc Dis 28:135–142, 
2009

49. Yasunaga K, Mase K: Antiaggregatory effect of oral cilostazol 
and recovery of platelet aggregability in patients with cerebro-
vascular disease. Arzneimittelforschung 35 (7A):1189–1192, 
1985

50. Yoshimoto T, Shirasaka T, Fujimoto S, Yoshidumi T, Yam-
auchi T, Tokuda K, et al: Cilostazol may prevent cerebral va-
sospasm following subarachnoid hemorrhage. Neurol Med 
Chir (Tokyo) 49:235–241, 2009

Manuscript submitted March 2, 2012.
Accepted September 5, 2012.
Portions of this work were presented in abstract form at the 5th 

Japanese-Korean Joint Stroke Conference, Japan Stroke Society/
Korean Stroke Society, Gyeongju, Korea, October 29, 2011.

Please include this information when citing this paper: pub-
lished online October 5, 2012; DOI: 10.3171/2012.9.JNS12492.

Address correspondence to: Hiroyuki Kinouchi, M.D., Ph.D., 
Department of Neurosurgery, Interdisciplinary Graduate School of 
Medicine and Engineering, University of Yamanashi, 1110 Shi-
mokato, Chuo, Yamanashi 409-3898, Japan. email: hkinouchi@
yamanashi.ac.jp.


