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High-Dose Simvastatin Is Effective in Preventing
Cerebral Vasospasm after Aneurysmal Subarachnoid
Hemorrhage : A Prospective Cohort Study in Korean
Patients
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Department of Neurosurgery, Eulji University School of Medicine, Seoul, Korea

Objective : The goal of this study was to assess the effect of high-dose simvastatin on cerebral vasospasm and its clinical outcome after aneurys-
mal subarachnoid hemorrhage (SAH) in Korean patients.

Methods : This study was designed as a prospective observational cohort study. Its subjects were aneurysmal SAH patients who had undergone
aneurysm clipping or coiling. They were assigned to 1 of 3 groups : the 20 mg, 40 mg, and 80 mg simvastatin groups. The primary end-point was
the occurrence of symptomatic vasospasm. The clinical outcome was assessed with the modified Rankin Scale (mRS) score after 1 month and 3
months. The risk factors of the development of vasospasm were assessed by logistic regression analysis.

Results : Ninety nine patients with aneurysmal SAH were treated and screened. They were sequentially assigned to the 20 mg (n=22), 40 mg
(n=34), and 80 mg (n=31) simvastatin groups. Symptomatic vasospasm occurred in 36.4% of the 20 mg group, 8.8% of the 40 mg group, and
3.2% of the 80 mg group (p=0.003). The multiple logistic regression analysis showed that poor Hunt-Hess grades (OR=5.4 and 95% Cl=1.09—
26.62) and high-dose (80 mg) simvastatin (OR=0.09 and 95% CI=0.1-0.85) were independent factors of symptomatic vasospasm. The clinical
outcomes did not show a significant difference among the three groups.

Conclusion : This study demonstrated that 80 mg simvastatin treatment was effective in preventing cerebral vasospasm after aneurysmal SAH, but

did not improve the clinical outcome in Korean patients.
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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (SAH) is a disease
that affects the patient’s prognosis with various complications
even after clipping or coiling. The unique complication, known
as vasospasm, is usually reported as occurring between 4 and
14 days after the surgery. The method of preventing such prob-
lem has been widely investigated™*"”. Statins are known to in-
fluence various pathogenesis involving the maintenance of en-
dothelial integrity and inhibition of vascular smooth muscle
proliferation in experimental studies'. However, the studies in
which statin was used for prophylaxis of cerebral vasospasm af-
ter aneurysmal SAH had different results"**"*"*"”, A random-
ized clinical trial demonstrated that 80 mg simvastatin treat-
ment significantly reduced the development of vasospasm, but

recent multicenter randomized trial to assess the effects of 80
mg simvastatin failed to demonstrate a reduction in cerebral
vasospasm compared with 40 mg simvastatin®”. The aim of
this study was to determine whether higher dose of simvastatin
is superior to a lower dose with regard to cerebral vasospasm
and clinical outcome after aneurysmal SAH in Korean cohort.

MATERIALS AND METHODS

This study was designed as a prospective observational co-
hort study. Ninety-nine patients with aneurysmal SAH were
treated through clipping or coiling, and were recruited over the
36-month period from January 2010 to December 2012. This
study was approved by the institutional review board. The in-
formed consent of either the patient or his or her next of kin

+ Received : June 2, 2015 +Revised : October 12,2015 < Accepted : October 14, 2015

« Address for reprints : Jae Hoon Kim, M.D.

Department of Neurosurgery, Eulji University School of Medicine, 68 Hangeulbiseok-ro, Nowon-gu, Seoul 01830, Korea

Tel : +82-2-970-8266, Fax : +82-2-979-8268, E-malil : grimi2@hanmail.net

« This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

328



Statin on Cerebral Vasospasm | SW Woo, et al.

99 patients screened

10 patients excluded due to death
unrelated to cerebral vasospasm within
14 days (n=8) and unavailable data (n=2)

89 patients enrolled

Fig. 1. Diagram showing study design.

The reasons for exclusion are as fol- i
lows : 1) Ten patients died within 14
days after ictus. 2) Two patients were
transferred to pulmonary medicine due
to lung diseases, thus had insufficient

Simvastatin 80 mg
(n=32)

l

Simvastatin 20 mg
(n=22)

Simvastatin 40 mg
(n=35)

data about the occurrence of vaso-
spasm. 3) Two patients had statin side
effects. One patient (40 mg group)
showed elevated liver transaminase up
to 200 U/L. Another patient (80 mg

1 patient excluded due to
simvastatin adverse effect
(muscle cramps of legs and
elevated creatine phosphokinase)

1 patient excluded due to
simvastatin adverse effect
(elevated liver transaminase)

group) complained muscle cramp of
legs and creatine phosphokinase ele-
vated to 1200 U/L. After cessation of
statin, laboratory values were normal-
ized within 3 days.

Simvastatin 80 mg
(n=31)

Simvastatin 40 mg
(n=34)

was obtained. Previous studies showed that the short-term use
of high-dose statin did not compromise safety”*'”. Thus, we
treated aneurysmal SAH patients with 80 mg, 40 mg, or 20 mg
simvastatin (Simvastatin®; Yuhan Corporation, Seoul, Korea)
for preventing cerebral vasospasm and retrospectively reviewed
prospectively collected database. The patients were sequentially
assigned to the 20 mg (n=22), 40 mg (n=34), or 80 mg (n=31)
simvastatin groups. Twelve patients were excluded due to death
within 14 days, unavailable data, and simvastatin side effects
(Fig. 1). The causes of death in 8 patients were pneumonia
(n=3), heart failure (n=1), and increased intracranial pressure
(n=4) regardless of cerebral infarction or vasospasm on radio-
logic study.

The pre-existing medical conditions (history of hyperten-
sion, diabetes mellitus, and hyperlipidemia) and the clinical
characteristics, including the Hunt-Hess grade, Fisher’s grade,
location of the aneurysm, treatment methods (clipping or coil-
ing), and drainage of cerebrospinal fluid were investigated.

The inclusion criteria were radiological evidence of saccular-
type aneurysmal SAH through computed tomographic (CT)
angiography or distal subtraction angiography, and its presenta-
tion at less than 48 hours from ictus. The patients received sim-
vastatin medication for 14 days after their surgery. Vasospasm
was defined based in the following symptomatic or TDC crite-
ria. Symptomatic vasospasm was defined as a decrease of at least
2 points on the Glasgow Coma Scale and clinical deterioration
of the patient’s condition (i.e., insidious onset of confusion, dis-
orientation, altered consciousness, and focal neurological defi-
cits) with no evidence of surgical complications, metabolic dis-

turbances, infections, or hydrocephalus. Transcranial Doppler
ultrasonography (TCD) was performed every other day after
the surgery until the 14th day after the SAH. A patient was de-
fined as in a state of TCD vasospasm when the highest mean
velocity of the middle cerebral artery was above 150 cm/s in a
single test, when the change in the highest mean velocity of the
middle cerebral artery was above 50 cm/s in a serial test, or when
the Lindegaard ratio (middle cerebral artery mean blood flow ve-
locity/extracranial internal carotid artery mean blood flow ve-
locity) was above 3. Digital subtraction angiography was not
routinely performed in the presence of vasospasm, and thus an-
giographic criteria were not used to determine vasospasm.

The SAH patients were clinically managed according to the
standardized guidelines”. The CT scans were routinely performed
on the day of the operation and, 2 days, 7 days, and 14 days af-
ter the operation. Newly developed lesions on the CT scans
within 2 days after the operation were regarded as procedure-
related damages.

Calcium channel blockers were routinely used. When post-
surgical or post-interventional neurological deficits developed,
triple H therapies (volume expansion with albumin, increase in
the blood pressure with dopamine, and maintenance of the he-
matocrit level at 30-35%) were initiated until the vasospasm
was resolved. If the symptoms were not resolved, the patients
underwent catheter angiography with the administration of in-
tra-arterial nicardipine.

Liver transaminases and creatine phosphokinase were moni-
tored for early signs of hepatitis or myositis every three days or
based on clinical suspicion. The use of statin was stopped if the
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level of liver transaminases was greater than three-times the
normal level (>180 U/L) or if the creatine phosphokinase level
was >1000 U/L.

The attending neurosurgeon assessed the clinical outcomes
using the modified Rankin Scale (mRS) score after one month
and three months. The mRS scores were classified as follows : 0,
no symptom; 1, no significant disability; 2, slight disability; 3,
moderate disability; 4, moderately severe disability; 5, severe
disability; and 6, dead. The scores were dichotomized into fa-
vorable (mRS score=0-2) and unfavorable (mRS score=3-6).

All continuous variables were presented as the mean+tstandard
deviation. We used ANOVA or Kruskal-Wallis test for continu-
ous variable and a chi-square test or Fisher’s exact test for cate-
gorical variable. The results with two-tailed values of less than
Pp=0.05 were considered statistically significant. Multivariate lo-
gistic regression analysis was performed using the possible fac-
tors of vasospasm. They were selected from the published risk
factors or the variables that differed among three groups in the

univariate analysis (p<0.2). The data were reported with 95%
CIs. All the statistical analyses were performed using SPSS 20.0
for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

The mean age of the 87 patients was 54.8+11.6 years. Sixty-
two (71.3%) of the subjects were women, and 25 (28.7%) were
men. Patients age, sex, Hunt-Hess grade upon admission, Fish-
er’s grade, aneurysm location, and the treatment method of an-
eurysm are presented in Table 1. There were no significant dif-
ferences among 3 groups.

Symptomatic vasospasm occurred in 8 subjects (36.4%) in
the 20 mg group, 3 subjects (8.8%) in the 40 mg group, and in 1
subject (3.2%) in the 80 mg group. One patent in the 20 mg group
and 1 patient in the 40 mg group underwent intra-arterial nica-
rdipine injection. There were significant differences among 3
groups (p=0.003). In the subgroup analysis, the incidence of

Table 1. Clinical and radiographic data among statin 20 mg, 40 mg, and 80 mg group

Variables 20 mg (n=22) 40 mg (n=34) 80 mg (n=31) p-value
Gender (M : F) 5:17 7:27 13:18 0.127
Age (years=SD) 53.1£10.7 56.8£12.2 52.2%11.5 0.249
Hypertension, n (%) 0.407
Yes 7 (31.8) 15 (44.1) 9(29)
No 15 (68.2) 19 (55.9) 22 (71)
Diabetes Mellitus, n (%) 0.929
Yes 3(13.6) 6(17.6) 4(12.9)
No 19 (86.4) 28 (82.4) 27 (87.1)
Hyperlipidemia, n (%) 0.188
Yes 7 (31.8) 4(11.8) 5(16.1)
No 15 (68.2) 30 (88.2) 26 (81.6)
Hunt-Hess grade, n (%) 0.198
1-3 18 (81.8) 31(91.2) 23(74.2)
4-5 4(18.2) 3(8.8) 8(25.8)
Fisher’s grade, n (%) 0.547
2 3(13.6) 6(17.6) 6(19.4)
3 4(18.2) 10 (29.4) 4(12.9)
4 15 (68.2) 18 (52.9) 21 (67.7)
Location of AN, n (%) 0.146
ACA 3(13.6) 13(38.2) 13 (41.9)
ICA 12 (54.5) 9(26.5) 7 (22.6)
MCA 6(27.3) 9(26.5) 10(32.3)
VBA 1(4.5) 3(8.8) 1(3.2)
Treatment, n (%) 0.172
Clipping 12 (54.5) 25(73.5) 24 (77.4)
Coiling 10 (45.5) 9(26.5) 7 (22.6)
CSF drain, n (%) 0.864
Yes 10 (45.5) 13 (38.2) 13 (41.9)
No 12 (54.5) 21(61.8) 18 (58.1)

M : male, F : female, SD : standard deviation, AN : aneurysm, ACA : anterior cerebral artery, ICA : internal carotid artery, MCA : middle cerebral artery, VBA : vertebro-

basilar artery, CSF : cerebrospinal fluid
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symptomatic vasospasm was significantly different between 20

30 Symptomatic vasospasm mg and 40 mg simvastatin group, but not significantly different
L Yes I No between 40 mg and 80 mg simvastatin group (Fig. 2).
The clinical outcomes at 1 and 3 months after the SAH did
p=0.002 not significantly differ among 3 groups (Table 2). New cerebral
20 A infarction on basal ganglia occurred in 1 patient. One patient
= died due to pneumonia on postoperative 25 days. Multiple lo-
‘:; gistic regression analysis showed that a poor Hunt-Hess grade
é (OR=5.4 and 95% CI=1.09-26.62) and high-dose (80 mg) sim-
“ vastatin (OR=0.09 and 95% CI=0.1-0.85) were independent
10 1 factors of symptomatic vasospasm (Table 3).
DISCUSSION
0 — This study showed that high doses of statin are effective in
® 20 mg simvastatin 80 mg simvastatin preventing cerebral vasospasm in aneurysmal SAH patients.
Statin, a competitive inhibitor of HMG CoA reductase, has been
40 Symptomatic vasospasm proven to have neuroprotective effects by modulating inflamma-
[ Yes T No tion and augmenting the cerebral blood flow after intracerebral
oo hemorrhage or SAH**'”. The results of the published prospec-
tive studies on the effectiveness of statin are summarized in
307 Table 4. The effects of statin in the prevention of cerebral vaso-
spasm after SAH are still controversial. Some randomized trials
g showed a decrease in the incidence of vasospasm in the statin
2 20 | groups unlike in the control group, but other studies did not
c show a significant difference"**"""*"”. The result of a recent mul-
“ ticenter prospective study that compared patients treated with
10 - Table 3. Multivariate logistic regression analysis of risk factors related to
symptomatic vasospasm
Variables Odds ratio 95% CI p-value
’7 Poor Hunt-Hess grade 5.40 1.09-26.62 0.038
40 mg simvastatin 80 mg simvastatin NO' C.:SF drain 125 0.32-491 0.741
Fig. 2. Bar graph showing the incidence of symptomatic vasospasm be- Co}l.mg - 0287457 068
tween 20 mg and 80 mg simvastatin group (A) and between 40 mgand ~ S2un 80 mg 009 0.10-085 0.036
80 mg simvastatin group (B). Cl : confidence interval, CSF : cerebrospinal fluid
Table 2. Incidence of vasospasm and the clinical outcomes among statin 20 mg, 40 mg, and 80 mg group
Variables 20 mg (n=22) 40 mg (n=34) 80 mg (n=31) p-value
Symptomatic VS, n (%) 0.003
Yes 8(36.4) 3(8.8) 1(32)
No 14 (63.6) 31(91.2) 30 (96.8)
TCD VS, n (%) 0.280
Yes 6(27.3) 4(11.8) 4(12.9)
No 16 (72.7) 30(88.2) 27(87.1)
mRS score at 1 M, n (%) 0.661
0-2 17 (77.3) 29(85.3) 27(87.1)
3-6 5(22.7) 5(14.7) 4(12.9)
mRS score at 3 M, n (%) 0.958
0-2 20(90.9) 31(91.2) 27(87.1)
3-6 2(9.1) 3(8.8) 3(9.7)
Unknown 0 0 1(32)

V'S : vasospasm, TCD : transcranial Doppler sonography, mRS : modified Rankin scale, M : month
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Table 4. Prospective studies investigating the effectiveness of statin to prevent cerebral vasospasm after aneurysmal subarachnoid hemorrhage

Author (year) Study design Vasospasm according to statin dose Vasospasm/Outcome
Lynch et al.” (2005) Randomized blinded 80 mg/day (26%) vs. placebo (60%) for 14 days S/not investigated
Tseng et al'” (2005) Randomized blinded 40 mg/day (7%) vs. placebo (30%) for 14 days SIS
Chou et al.” (2008) Randomized blinded 80 mg/day (26%) vs. placebo (40%) for 21 days NS/NS
McGirt et al."” (2009) Prospective cohort, historic controls 80 mg/day (25.3%) vs. control (30.5%) for 14 days NS/NS
Vergouwen et al.'” (2009) Randomized blinded 80 mg/day (75%) vs. placebo (69%) for 14 days NS/NS
Kirkpatrick et al? (2014) Multicenter randomized blinded 40 mg/day (16%) vs. placebo (16%) for 21 days NS/NS
Wong et al” (2015) Multicenter randomized blinded 40 mg/day (12%) vs. 80 mg (15%) for 14 days NS/NS
This study Prospective observational cohort study 20 mg/day (36.4%), 40 mg (8.8%), 80 mg (3.2%) S/NS

for 14 days

S : significant, NS : not significant

40 mg of statin for 14 days with the control group showed no
difference in the incidence of vasospasm and the clinical out-
come”. The reason for this discrepancy is unclear. A possible
reason may be the difference in the definitions of cerebral vaso-
spasm. Catheter angiography is well-known as the most accurate
tool for confirming cerebral vasospasm. In this study, however,
not all the patients could be tested routinely with catheter angi-
ography. Catheter angiography was performed only for intra-ar-
terial nicardipine delivery or with an inflating angioplasty bal-
loon. This discrepancy might have influenced the incidence of
cerebral vasospasm. In addition, the incidence of symptomatic
vasospasm was low in 80 mg simvastatin group compared with
recent multicenter study'”. This finding might be explained by
the fact that 46% of 80 mg statin group in that study had poor
clinical grade on admission compared with our result (25.8%).

Although the higher-dose group tended to have better out-
comes, this study did not show a significant difference in the
clinical outcomes (mRS scores) after one month in relation to
the statin dosage after aneurysmal SAH (77.3%, 85.3%, and
87.1%, respectively, p=0.661) (Table 2). This finding is consistent
with the results of recent studies, and implies that various fac-
tors (the Hunt-Hess grade upon admission, previous medical
conditions, the age, surgical complications, etc.), besides vaso-
spasm may have contributed to the clinical outcome of the an-
eurysmal SAH patients®"”.

In predicting which patients are more likely to present symp-
tomatic vasospasm, our data suggests that the predictive factors
are high-dose statin use (OR=0.09 and CI=0.1-0.85) and poor
Hunt-Hess grades upon admission (OR=5.4 and CI=1.09-
26.62). A multivariate analysis of the risks of vasospasm, statin
therapy, Fisher grade 3 SAH, and rupture of the anterior cere-
bral or internal carotid artery aneurysm were independent risk
factors”.

This study had some limitations. First, this study was a single-
center, observational study. Although the ideal study design is a
multicenter prospective randomized trial, single-institution
studies have limitations in recruiting enough patients to collect
ideal statistics. Therefore, participants were sequentially rather
than randomly allocated. Second, although the dose-dependent
effect of statin on vasospasm was analyzed, this study has a

limitation by its small sample size and absence of a control group.
Third, cerebral vasospasm defined by symptomatic and TDC
criteria. Compared with the incidence of angiographic vasospasm,
the incidence of symptomatic vasospasm may be underestimat-
ed. However, this study could be considered significant, to the
author’s knowledge, because it is the first prospective observational
study of the prophylactic use of statin in South Korea. Further
multicenter prospective trials with larger sample sizes will be
needed to determine the effectiveness of statin therapy in low-
ering the incidence of vasospasm after aneurysmal SAH.

CONCLUSION

This study showed that preventive 80 mg simvastatin is an
effective treatment for cerebral vasospasm after aneurysmal
SAH in Korean patients, but does not necessarily improve the
clinical outcomes of the patients.
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