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Abstract. – OBJECTIVE: The cerebral va-
sospasm, delayed ischemic neurological deficit
(DIND), mortality and poor neurological out-
come induced by aneurysmal subarachnoid
haemorrhage (SAH) remain the major causes of
morbidity and mortality in aneurysmal SAH pa-
tients. The effects of statin-treated for aneurys-
mal SAH patients were not comprehensively
assessed.

PATIENTS AND METHODS: A systematically
literature search was conducted in PubMed,
EMBASE, ScienceDirect and Web of Science to
identify relevant studies update to March 2015.
Data were extracted and appraised indepen-
dently by two authors. Moreover, fixed or ran-
dom effects models were applied to calculate
pooled results based on the degree of hetero-
geneity.

RESULT: Nine RCTs and three observational
studies with a total of 1957 patients met the in-
clusion criteria. The results showed that statin
treatment was not associated with a decrease in
the occurrence of DIND (RR: 0.81, 95% CI: 0.66-
1.00, p = 0.05), mortality (RR: 0.90, 95% CI: 0.69-
1.18, p = 0.46) and poor neurological outcome
(RR: 1.02, 95% CI: 0.86-1.20, p = 0.84), nonethe-
less, had a potential effect on reducing the inci-
dence of vasospasm (RR: 0.77, 95% CI: 0.66-
0.89, p = 0.0006).

CONCLUSIONS: This meta-analysis indicated
that the use of statins decreases the occurrence
of cerebral vasospasm, whereas did not support
a beneficial effect of statins on the occurrence
of DIND, death or poor neurological outcomes in
patients with aneurysmal SAH.
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Introduction

Subarachnoid haemorrhage (SAH) has a
worldwide, age-adjusted annual incidence of ap-
proximately 4-7 cases per 100,000 people, in-
cluding approximately 3-7% of individuals with
strokes1. The most common reason for SAH may
be aneurysms. Moreover, cerebral vasospasm,
delayed ischemic neurological deficit (DIND)
and arterial vasospasm induced by aneurysmal
SAH, remain the major causes of morbidity and
mortality in aneurysmal SAH patients2. Despite
improvements in pharmacological attempts for
aneurysmal SAH over the last decade�their effi-
cacy has been largely disappointing3-7, and the
only effective pharmacological intervention in
the acute treatment of SAH patients is nimodip-
ine, a selective calcium-channel blocker8. How-
ever, the benefit of nimodipine for SAH is mod-
est, and its mechanism is unclear9-11. Recently,
accumulated studies have demonstrated that
statins, which are 3-hydroxy-3 methylglutaryl
(HMG) coenzyme A reductase inhibitors, offer
several potential beneficial effects for patients
with SAH or other diseases12, such as improving
endothelial function, raising cerebral blood flow,
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increasing cerebral endothelial nitric oxide syn-
thase expression and ameliorating cerebral is-
chemia13,14. In some clinical studies, treatment
with statins could reduce DIND, vasospasm, and
mortality15-18, whereas several other studies were
unable to replicate these beneficial effects19-22.

In 2014, Su et al23 performed a meta-analysis
to investigate the effects of statin-use on patients
with aneurysmal SAH. They included 6 random-
ized controlled trials (RCTs) with a total of 249
patients and indicated that statin-use might play a
positive role in reducing DIND and mortality.
However, a more recent multicenter randomized
phase 3 trial (simvastatin in aneurysmal sub-
arachnoid haemorrhage, STASH) did not detect
any benefit from the use of simvastatin in long-
term or short-term outcomes in patients with
aneurysmal SAH, which recruited 803 aneurys-
mal SAH patients24. Hence, the controversy re-
garding the effects of statin-use in patients with
aneurysmal SAH remains. Here, we performed a
comprehensive meta-analysis that included RCTs
and observational studies to evaluate the effects
of statin-use in patients with aneurysmal SAH.

Patients and Methods

Search Strategy
The PubMed, EMBASE, ScienceDirect and

Web of Science databases were systematically
searched for relevant articles using the search
terms “statin”, “simvastatin”, “pravastatin”,
“atorvastatin”, “aneurysmal subarachnoid haem-
orrhage” and “subarachnoid haemorrhage” up to
March 2015. We also searched for studies limit-
ed to research in humans. Furthermore, addition-
al relevant studies were identified by reading the
references in the relevant articles.

Inclusion and Exclusion Criteria
All studies included in this meta-analysis were

required to meet the following criteria: (1) it
compared the effects of statins and placebo agent
treatments in patients with aneurysmal SAH; (2)
it assessed outcomes that included the incidence
of vasospasm, mortality and DIND, as well as
neurological recovery. The exclusion criteria
were the following: (1) review articles, editorial
comments, meta-analyses and duplicated studies;
(2) lack of availability of the numbers of patients
who survived or information regarding other out-
comes; (3) no placebo agent comparison group.

Outcome Measures
The primary outcome was the incidence of va-

sospasms, which was defined by either transcra-
nial Doppler (TCD) confirmation or angiograph-
ic confirmation as previously described18,22. The
secondary outcomes were neurological recovery,
DIND, and mortality during follow-up. A sub-
group analysis was performed by the types of
statin used and the study design. In addition,
DIND was defined as the clinical symptoms and
signs of new ischemic neurologic deficits that
were not attributable to other causes such as in-
fection or rebleeding, regardless of the presence
of TCD or angiographic confirmation. Poor neu-
rological recovery was defined on a modified
Rankin Scale (mRS) of 3-6 points or a Glasgow
Outcome Scale (GOS) of 1-4 points as previous-
ly described16.

Quality Assessment
To evaluate the risk of bias in the included

RCTs, two authors independently assessed the
quality of each trial using the Cochrane Collabo-
ration’s tool25. There were seven items in this
scale, including random sequence generation, al-
location concealment, blinding of participants
and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and
other biases. Moreover, each item could be di-
vided as low risk, high risk or unclear risk. Any
disagreements were discussed among the authors
until they reached a consensus.

Statistical Analysis
Cochrane RevMan (version 5.1) software

was used to perform the meta-analysis. All out-
come variables were dichotomous, and relative
risk (RR) was calculated with a 95% confi-
dence interval (CI) using either a fixed-effects
model or a random-effects model in light of the
observed heterogeneity. Statistical heterogene-
ity for each pooled summary was estimated us-
ing Cochran’s Q statistic and the I2 statistic26,27.
Heterogeneity was considered to be significant
when I2 ≥ 50% or when a X-square test resulted
in p < 0.1; in these case, a random-effects mod-
el was used, otherwise, a fixed-effects model
was selected28. When heterogeneity was ob-
served, a sensitivity analysis was conducted to
explore the possible explanations for the hetero-
geneity. Publication bias was assessed using an
examination of funnel plots and Egger’s regres-
sion asymmetry tests29.
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Figure 1. Selection process for the inclusion of studies in
the meta-analysis.

Follow-up Age (S/C) Female S/C
Study Design time (mean) (S/C) Treatment Duration (n) Total

Chou 2008 RCT ND 50/56 13/16 Simvastatin 80 mg up to 21 days or 19/20 39
until discharge

Vergouwen 2009 RCT 3 months and 53/54 8/12 Simvastatin 80 mg up to 15 days 16/16 32
6 months

Garg 2013 RCT 1, 3 and 49.4/48.8 8/9 Simvastatin 80 mg up to 14 days 19/19 38
6 months

Tseng 2005 RCT ND 53.8/52 25/19 Pravastatin 40 mg up to 14 days 40/40 80
Kirkpatrick 2014 RCT 6 months 51/49 260/291 Simvastatin 40 mg up to 21 days 391/412 803
Lynch 2005 RCT ND 65/47 (median) 6/17 Simvastatin 80 mg up to 14 days 19/20 39
Oglivy 2006 RCT ND ND ND Simvastatin 80 mg ND 19/20 39
Macedo 2009 RCT ND ND ND Simvastatin 80 mg up to 21 days 11/10 21
Jaschinski 2008 RCT ND ND ND Pravastatin 40 mg ND 40/58 98
Sanchez-Pena 2012 Case and 1 year ND ND Aatorvastatin 40 mg up to 21 days 142/136 278

historical
controls study

McGirt 2009 Prospective ND 53/53 120/136 Simvastatin 80 mg up to 14 days 170/170 340
observational
cohort study

Kramer 2008 Retrospectively ND 56/55 54/50 Simvastatin 80 mg ND 71/79 150
cohort study

Table I. Characteristics of included studies (RCT: 574/645).

Abbreviations: RCT, random controlled trial; ND, no detailed data; S/C, statin-treated/control.

Results

Selection of Studies and
Study Characteristics

Eighty papers were identified through the
comprehensive search strategy. After screening
the titles and abstracts, 16 studies met our prede-
fined inclusion criteria and 74 articles were ex-
cluded because they were case reports, review ar-
ticles, letters to the editor or duplicate studies.
The full texts of the remaining 16 studies were
reviewed, and 4 of these were removed because
they evaluated the effects of statin-use on pre-ad-
mission or pre-haemorrhage in patients with
aneurysmal SAH17,30-32. Finally, 9 RCTs and 3
observational studies were included in the pre-
sent meta-analysis. The selection process is
shown in Figure 1.

In the present meta-analysis, 9 RCTs16,18-20,22,24,33-35

and 3 observational studies21,36,37 were includ-
ed, involving a total of 1957 patients. Of these,
6 studies used a WFNS grade distr ibu-
tion16,19,20,24,36,37, 7 studies used the Fisher grade
distribution16,18,19,21,24,36,37, and 3 studies used
the Hunt and Hess grade distribution18,21,22. In
addition, the location of the aneurysm and
treatment of the aneurysms by clipping or coil-
ing were reported in 716,19-22,24,37 and 6 articles,
respectively16,18,21,22,24,37. Finally, the detailed

characteristics of the included studies are pre-
sented in Table I.

A Cochrane risk of bias assessment was
used to assess the quality of the included
RCTs. We determined that a publication pre-
sented unclear risk if no specific illustration
regarding the study design was found in the
paper (Figure 2).
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Meta-Analysis

Vasospasm
A total of 10 studies including 7 RCTs and 3

cohort studies investigated the effects of stain
treatment on the incidence of vasospasm. The in-
cidence of vasospasm was 169/526 and 224/530
in statin-treated patients and placebo-treated pa-
tients, respectively. A moderately significant re-
duction in the occurrence of vasospasm was ob-
served (RR = 0.77, 95% CI = 0.66-0.89, p =

0.0006) when a fixed-effects model was used (I2

= 29% and p = 0.18 for heterogeneity) (Figure
3A and Table II).

DIND
The proportion of patients with DIND was re-

ported in 7 articles, wherein it was found to oc-
cur 115/596 in statin-treated patients compared
with 158/645 in placebo-treated patients
(RR=0.81, 95% CI= 0.66-1.00, p=0.05) (Figure
3B and Table II). Moreover, heterogeneity was
not observed in the pooled analysis (I2 = 30%, p
= 0.20 for heterogeneity).

Mortality
Data regarding mortality was acquired from 9

studies. We observed that the incidence of mor-
tality was 84/725 and 99/765 in statin-treated pa-
tients and placebo-treated patients, respectively.
There was no significant heterogeneity (I2 =
30%, p = 0.18 for heterogeneity) between these
studies. Therefore, a fixed-effects model was ap-
plied. The result indicated that statin-treatment
was not associated with a significant decrease in
the occurrence of mortality (RR = 0.90, 95% CI
= 0.69-1.18, p = 0.46) (Figure 3C and Table II).

Neurological Outcomes
A total of 7 articles reported detailed data re-

garding neurological outcomes. However, in line
with the definition of a poor neurological out-
come used in previous studies, 4 of these studies
were eligible for the pooled analysis. The results
of the meta-analysis showed that there was no
significant difference between two groups
(181/556 in statin-treated group and 183/575 in
placebo-treated group, RR: 1.02, 95% CI: 0.86-
1.20, p = 0.84) with no substantial heterogeneity
(I2 = 0%, p = 0.75).

Subgroup Meta-Analysis
Given that the evidence acquired from these

RCTs showed high reliability and simvastatin
was used in most of studies, we performed a sub-
group meta-analysis that was stratified by RCT
and simvastatin. Outcomes are shown in Table
II. According to the meta-analysis from the
RCTs and simvastatin, the outcomes for the oc-
currence of DIND, mortality or poor neurologi-
cal outcomes were not materially changed be-
tween the two groups. However, the incidence of
vasospasm was still significantly decreased in the
statin-treated patients, compared to the placebo-
treated patients.

Figure 2. Quality assessment of the included RCTs using
the Cochrane risk of bias assessment.
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Figure 3. Efficacy of statin treatment for the prevention of the following outcomes: vasospasm (A), DIND (B), and mortality (C).
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With regard to poor neurological outcomes,
we performed a meta-analysis based on the fol-
low-up period. Whether the time at which poor
neurological outcome was evaluated at dis-
charge, 3 months, 6 months or 1 year later, the
statin-treated group did not show an advantage in
reducing the occurrence of poor neurological
outcome compared to the control group.

Publication Bias
Publication bias was assessed using funnel

plots and Egger’s tests. As shown in Figure 4,
the shapes of the funnel plots did not show evi-
dence of obvious asymmetry. Moreover, the re-
sults of the Egger’s tests also supported this
finding and did not show any evidence of pub-
lication bias (p for Egger’s test = 0.495).

Discussion

Statins were shown to have neuroprotective
effects in patients with aneurysmal SAH in two
small RCTs published in 2005 that showed re-
sults including a reduced incidence of cerebral
vasospasm and DIND. Nevertheless, these re-
sults were not observed in subsequent RCTs.
These inconsistencies may be due to the limited
sample sizes in the studies and their inadequate
statistical power. Thus, we performed a meta-

analysis of all eligible RCTs and observational
studies to address these ambiguities. The results
of the present meta-analysis included 12 studies
with 1957 patients (9 RCTs and 3 observational
studies) and showed that statins therapy in pa-
tients with aneurysmal SAH significantly re-
duced the prevalence of cerebral vasospasm,
whereas, it did not provide a significant benefit
in terms of reducing DIND, poor neurological
outcomes and mortality.

Cerebral vasospasm is an important cause of
cerebral ischemia and death following aneurys-
mal SAH, and the prevention of this condition

Number of
Outcomes patients Statin Control Model RR (95% CI) I2 (%) Ph

Vasospasm All 1056 169/526 224/530 F 0.77 [0.66, 0.89] 29 0.18
RCT 288 65/143 92/145 F 0.72 [0.59, 0.88] 43 0.10
Simvastatin 548 84/273 107/275 F 0.79 [0.64, 0.99] 27 0.22

DIND All 1241 115/596 158/645 F 0.81 [0.66, 1.00] 30 0.20
RCT 1091 99/525 136/566 F 0.81 [0.65, 1.02] 42 0.13
Simvastatin 913 82/445 89/468 F 0.97 [0.74, 1.26] 0 0.79

Mortality All 1490 84/725 99/765 F 0.90 [0.69, 1.18] 30 0.18
RCT 1150 53/555 73/595 F 0.80 [0.58, 1.11] 31 0.18
Simvastatin 1312 73/645 78/667 F 0.96 [0.71, 1.29] 26 0.23

Poor neurological All 1211 198/596 204/615 F 1.00 [0.85, 1.17] 0 0.73
outcome

RCT 933 146/454 156/479 F 0.98 [0.82, 1.18] 0 0.59
Simvastatin 853 129/414 135/439 F 1.01 [0.83, 1.23] 0 0.55
Discharge 922 186/450 188/472 F 1.04 [0.89, 1.21] 0 0.45
3 months 32 42293 14/16 – 0.71 [0.47, 1.09] – –
6 months 814 117/395 125/419 F 0.99 [0.80, 1.22] 0 0.48
1 year 278 52/142 48/136 – 1.04 [0.76, 1.42] – –

Table II. Outcome of meta-analysis.

Abbreviations: DIND, delayed ischemic neurological deficit; All, all eligible studies; RCT, random controlled trial; F, fixed-ef-
fects model; CI, confidence interval; Ph: p value for heterogeneity.

Figure 4. Funnel plot of publication bias.
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remains a key target of pharmacological treat-
ments for aneurysmal SAH. Ecker et al38 first re-
ported the presence of intracranial artery va-
sospasm with reference to a ruptured aneurysm.
Multiple signalling pathways have been shown39-

41 to be responsible for cerebral vasospasm after
aneurysmal SAH, including pathways involved
in the induction of inflammation by blood degra-
dation products and the endothelin-1 and nitric
oxide (NO) synthetic pathways. Recently, both in
vitro and in vivo studies have suggested that
statins could biochemically remodel the endothe-
lium, inhibit a number of inflammatory processes
during cerebral ischemia and reperfusion, reduce
lipoprotein oxidation and ameliorate free radical
injury. However, the results of previous clinical
trials were inconclusive. Three studies16,18,36

showed that statin therapy after aneurysmal SAH
significantly reduced the incidence of va-
sospasm, which was not observed in the other
studies. In this meta-analysis, the results showed
a significant decrease in the rate of cerebral va-
sospasm in stain-treated patients with aneurys-
mal SAH, which was also observed in the RCTs
subgroups. Whereas a recent multicenter RCT
(STASH) was not included due to the lack of
available data regarding the incidence of cerebral
vasospasm. Hence, these results should be inter-
preted with caution24.

To date, DIND remains a major source of dis-
ability in patients with SAH and it is often asso-
ciated with cerebral vasospasm. Given the bene-
ficial effect of simvastatin on reducing DIND in
patients after aneurysmal SAH, the results of our
pooled-analysis showed a non-significant differ-
ence in the occurrence of DIND between statin-
treated and control groups and also in the sub-
group analysis by study type. In all eligible
RCTs, the occurrence of DIND varied from
5.00% to 37.50% and 16.26% to 60.34% in the
stain-treated and placebo-treated groups, respec-
tively. The similarity between vasospasm-related
DIND resulting from an impairment in cerebral
blood flow and DIND resulting from delayed
clinical manifestations might, at least in part,
lead to the inconclusive results seen in previous
studies.

The results of previous studies were also in-
consistent regarding mortality after aneurysmal
SAH. A recent meta-analysis showed that
statin-treatment prevented the occurrence of
death; nonetheless, interpretation of the results
of that meta-analysis might be viewed with cau-
tion due to its small sample size, which only in-

cluded only 6 RCTs with 249 patients. The cur-
rent meta-analysis (involving 1150 patients) did
not find any evidence to support a beneficial ef-
fect on lowering the occurrence of death in
statin-treated in patients with SAH. For the
analysis of functional outcomes, we did not ob-
serve a significant difference between any two
groups at discharge or a 3-months, 6-months, or
1-year follow-up. Because the definition of a
poor neurological outcome was sometimes a
mRS of 3-6 points or GOS of 1-4 points, we
were only able to acquire available information
from 4 studies20,22,24,36. However, two articles
defined a poor neurological outcome as a GOS
of 1-2 or 1-3 points21,37, and some studies did
not report the effects of statin-treatment on
functional outcomes in SAH patients18,34,35, and
this might have influenced the interpretation of
the results of our meta-analysis.

Despite significantly increasing the statisti-
cal power of this study by pooling data from
different studies, some limitations should be
considered in this meta-analysis. Firstly, two
RCT papers that have been published only as
abstracts presented a high risk in the blinding
of participants and outcome assessments34,35.
Secondly, there were differences in the dosages
of statin-used (80 mg or 40 mg once daily), and
a higher dosage of statins might have a more
positive effect. Moreover, the criteria for out-
come assessments were also varied among the
included studies, for example, the criteria for
cerebral vasospasm assessment was a mean
blood flow velocity (Vmean) > 120 cm/s by tran-
scranial Doppler (TCD) in some studies where-
as Lynch et al and Garg et al defined va-
sospasm as Vmean > 160 cm/s, which might have
influenced the results.

Conclusions

The use of statins following aneurysmal SAH
might have a potential effect on reducing the oc-
currence of cerebral vasospasm in patients,
whereas their use may not be associated with a
decrease in the occurrence of mortality, DIND or
poor neurological outcomes. Moreover, in light
of the variations in methodology in the included
RCTs and observational studies, the results
should also be interpreted carefully. Finally, ad-
ditional large and multicenter RCTs are required
to validate our results.
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