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Abstract Statins are drugs used to control cholesterol
disorders and prevent cardiovascular diseases. Their
denominated pleiotropic effects have demonstrated a broad
action spectrum that might profit some neurological and
neurosurgical diseases. These effects are correlated to dose
and kind of statin. We accomplished a systematic review in
PubMed and MEDLINE about studies of statins and main
neurosurgical diseases. If statins are administered after
subarachnoid hemorrhage, a significant lower incidence of
vasospasm as well as delayed ischemic deficits and
decreased mortality could be found; the results of a large
multicenter trial are expected. In other complex diseases as
intracerebral hemorrhage or traumatic brain injury, the
evidence for positive effects of a treatment with statin
increased. Additionally, promising experimental results
indicate that high statin doses are able to promote cell
death in tumor cells, especially in gliomas. Moreover,
experimental and observational studies suggest the ability
of statins to modulate the immune system, by that they can
reduce incidence and severity of sepsis. The origin of these
multiple effects from neuroprotection to tumoral apoptosis
is not totally explained so far. Recent data in literature are

discussed in this review. More trials in humans are urgently
required to finally determine if statins could contribute to
the current management of neurosurgical diseases.
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Introduction

Statins are structural analogs of β-hydroxy-β-methylglu-
taryl coenzyme A (HMG CoA) reductase, a restrictive
enzyme in the cholesterol pathway. They are currently used
for treatment of dyslipidemias and prevention of cardiovas-
cular diseases [19]. The trials conducted for safety
evaluation have suggested other possible benefits. The
reduction of stroke, dementia, and incidence of tumors as
well as of inflammatory molecules as C-reactive protein has
been suggested [19, 26, 59]. Based on these data, many
experimental studies have been performed, which describe
a lot of unexpected phenomena. During the last years,
research has been directed to neuroprotective effects. In this
way, diseases like Alzheimer, multiple sclerosis, and other
acute pathologies like stroke or subarachnoidal and intra-
cerebral hemorrhage have been assessed [1, 17, 74, 79, 92].
Furthermore, experimental and clinical evidence regarding
to anti-tumor activity is growing [26]. The denominated
pleiotropic effects of statins seem not to be entirely related
to cholesterol pathway [6, 107]. The mechanisms of this
variety of effects are complex and not totally explained
(Fig. 1).

A systematic research on PubMed and MEDLINE
(January 1980 to December 2009) for studies in rats and
humans with statins and diverse neurosurgical diseases was
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accomplished. The term “statin” was combined with
“subarachnoid hemorrhage”; “intracerebral hemorrhage”;
“head injury” or “traumatic brain injury”; “glioma”,
“glioblastoma”, or “brain tumors”; “spinal disease”; and
“spinal cord injury”. For sepsis, key references were
selected. In this review, we discuss the new possible
implications of statins on neurosurgical diseases.

Subarachnoid hemorrhage

In 2002, McGuirt et al. reported for the first time a positive
effect of statins after experimental subarachnoid hemor-
rhage (SAH) in mice. In this study, the animals were pre-
treated or post-treated with simvastatin. After pre-treatment,
an increased middle cerebral artery diameter and reduced
neurological deficits were found [62]. A similar modest
increase in middle cerebral artery diameter and decreased
neurological deficits could be seen after post-treatment [62,
87]. The attenuation of perivascular granulocyte migration
and the increment of endothelial nitric oxide synthase
(eNOS) are proposed mechanisms for this vasospasm
control [63, 87]. Recently, another study showed that the
synthetic statin, atorvastatin, prevent the development of
vasospasm. The authors suggested a reduced expression of
caspase-3 and -8 [11].

Following the animal studies, several trials were
achieved in humans (Table 1). In a retrospective study,
115 aneurysmal SAH patients were included, and 13% was
receiving statin therapy for at least 1 month before

bleeding. The patients with statins experienced less symp-
tomatic vasospasms. The statin therapy on admission
produced an odds ratio (OR) for reduction in the risk of
symptomatic vasospasm of 0.09 [95% confidence interval
(CI), 0.01–0.77] [60]. In a retrospective cohort (matched by
age, Hunt and Hess grade at admission, vascular disease/
risk history), 60 patients with aneurysmal SAH were
examined. Twenty of these patients used statins before
hemorrhage and 40 were controls. A reduction of delayed
ischemia or vasospasms defined by angiography (30%) or
Doppler (33%) was observed and cerebral infarctions of
any type were 35% less frequent. Regarding outcome, the
statin users showed a significantly better Barthel Index
scale on day 14 [73]. Both studies did not consider the dose
or type of statin.

Tseng et al. conducted the first randomized clinical trial
in 80 aneurysmal SAH patients assigned within 72 h to
pravastatin (40 mg) or placebo daily for up to 14 days. The
incidences of vasospasm and severe vasospasm were
reduced by 32% and 42%, respectively, and the duration
of impaired autoregulation was shortened bilaterally. The
incidence of vasospasm-related delayed ischemic deficits
and mortality was decreased by 83% and 75%, respectively
[96]. In a later work, they suggested that the vascular
effects of statins are cholesterol independent [98]. Finally,
they demonstrated a reduction of unfavorable outcome of
73% at discharge and 71% at 6 months [97]. In another
randomized clinical trial with 39 aneurysmal SAH patients
allocated within 48 h to simvastatin 80 mg daily by 14 days
or placebo, a reduction of clinical vasospasms of 34%

Fig. 1 Spectrum of effects of statins. The conjunction of anti-
excitotoxicity (e.g., N-methyl-D-aspartate receptor), improvement of
microvascular perfusion (e.g., nitric oxide synthase isoforms=
eNOS), dilution of microthromboses (e.g., plasminogen activator
inhibitor=PAI and tissue plasminogen activator=tPA), control of
free radicals (e.g., superoxide dismutase=SOD) and the modulation
of cytokines (e.g., by control of nuclear factor κβ), adhesion
molecules (e.g., leukocyte-associated antigens-1=LFA-1, intercellu-
lar adhesion molecule), and immune cells (monocytes, macrophages)

generate a neuroprotective phenomenon. Additionally, the promo-
tion of angiogenesis (e.g., vascular endothelial growth factor),
neurogenesis (e.g., brain-derived neurotrophic factor), and synapto-
genesis could originate neurorestoration. On the other hand,
induction of apoptosis (e.g., caspases pathway), cell-cycle arrest,
inhibition of angiogenesis (e.g., mitogen-activated proteins path-
ways), and modulation of immune cells conduce to an opposite
global effect of death in tumor cells. TRAIL TNF-related apoptosis-
inducing ligand
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confirmed by angiography or transcranial Doppler was
described [55]. Recently, a double-blind randomized trial
included 39 patients with a Fisher grade 3 SAH, who were
allocated to receive simvastatin 80 mg/day (n=19) or
placebo (n=20). The mortality rate was 0% in the
simvastatin group versus 15% in placebo. Differences of
14% (40% placebo versus 26% statin) concerning angio-
graphically confirmed vasospasm and of 15% (25%

placebo versus 10% statin) concerning vasospasm-related
ischemic infarcts were reported [12].

Interestingly, Kramer et al. did not find any association
with improvement or delayed ischemia. Their conclusion,
however, was based on a retrospective cohort with slight
unbalanced characteristics [43]. In another retrospective
study with 308 patients, the age was unbalanced, showing a
mean age higher in the statin group. In this study,

Table 1 Summary of clinical studies performed with statins and patients with aneurysmal subarachnoid hemorrhage and intracerebral hemorrhage

Design Statin n Outcome

Aneurysmal subarachnoid hemorrhage

McGirt et al. [61] Restrospective cohort NSa 15 statin Decrease in the risk of developing symptomatic
vasospasm100 control

Parra et al. [73] Restrospective cohort NSa 20 statin Reduction of vasospasm in angiography
or Doppler sonography
and cerebral infarcts

40 contol

Tseng et al. [96] RCT PVS 40 mg 40 statin Decreased incidence of vasospasm,
DIDs and mortality40 control

Tseng et al. [97] RCT PVS 40 mg 40 statin Reduction of unfavorable outcome at discharge
and at 6 months40 control

Tseng et al. [98] RCT PVS 40 mg 40 statin Reduction of unfavorable outcome at discharge
and at 6 months40 control

Lynch et al. [55] RCT SMV 80 mg 19 statin Reduction of vasospasm at Doppler sonography
20 control

Chou et al. [12] RCT SMV 80 mg 19 statin Decreased incidence of vasospasm,
DIDs and mortality20 control

Kramer et al. [43] Retrospective cohort SMV 80 mg 71 statin Any reduction of vasospasm,
DIDs or functional outcome79 control

Moskowitz et al. [65] Restrospective cohort NSa 26 statin Any reduction of vasospasm incidence
282 control

Kern et al. [37] Prospective cohort PVS 40 mg 72 statin Any reduction of vasospasm or improvements
in global outcome58 control

McGuirt et al. [61] Prospective cohort SMV 80 170 statin Any reduction of vasospasm,
poor outcome or death at discharge170 control

Verwougen et al. [101] RCT SMV 80 mg 16 statin Any reduction of coagulation, endothelium function,
and inflammation parameter or clinical outcome16 control

STASH [89] RTC SMV 40 mg Expected 1,600 Awaited

Intracerebral hemorrhage

Naval et al. [68] Retrospective case–control NSa 32 statin Reduction of absolute edema volume in CT scan
93 control

Naval et al. [69] Retrospective case–control NSa 32 statin Mortality reduction at 30 days
93 control

FitzMaurice et al. [18] Retrospective case–control NS* 149 statin Any difference in clinical outcome at 90 days
480 control

Tapia-Pérez et al. 2009 [90] Prospective cohort vs.
historical control

RVS 20 mg 18 statin Increased probability of good outcome at discharge
57 control

NASIS [48] Retrospective cohort NSa 89 statin Reduced mortality and neurological disability
at discharge223 control

Eichel et al. [15] Prospective cohort NSa 101 statin Lower volume of hematoma without significant
impact on outcome298 control

Gomis et al. [23] Retrospective cohort NSa 34 statin Higher probability of good outcome at 90 days
235 control

DIDs delayed ischemic deficits, NS not specified, PVS pravastatin, RCT randomized clinical trial, RVS rosuvastatin, SMV simvastatin
a Pretreatment
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vasospasm was observed in 31% of patients without statin
in comparison to 23% of patients taking a statin [65]. A
meta-analysis of three available randomized clinical trials
(RTC) determined that the incidence of vasospasm after
statin administration is significantly reduced [relative risk
(RR)=0.73; 95% CI, 0.54–0.99] as well as the delayed
ischemic deficits (RR=0.38; 95% CI, 0.17–0.83) and the
mortality (RR=0.22; 95% CI, 0.06–0.82) [81].

After this meta-analysis, another study appeared in
which patients treated with pravastatin were compared with
control patients without statin. No positive influence of
statins was observed in the incidence of vasospasm in
global outcome. In this way, the author argued about the
uncertainness of the statins’ use for therapy after subarach-
noid hemorrhage [37]. The conclusion, despite reasonable,
is based on a study with unclear methodology. It was not
randomized and the bias should be great if two series of
patients treated after a great time distant were compared.
The findings of this study, however, are partially supported
by a relative new prospective, randomized, double-blind,
placebo-controlled trial. This is the study of Verwougen et
al., which was an attempt to assess the pleiotropic effects of
statins as acute treatment in SAH patients. In this trial,
patients received simvastatin 80 mg or placebo once daily.
In a small homogeneous sample size of 32 patients,
significant differences for total cholesterol and low-density
lipoprotein were found [101]. The assessed parameters of
coagulation, fibrinolysis, endothelium function, and inflam-
mation were not different between both groups. Regarding
clinical aspects, no differences were observed. A disadvan-
tage of this study is its negative conclusion, which is not
totally supported by the results because the trial was not
primarily designed to determine clinical effectiveness.
Despite systemic markers demonstrated as not altered in
this study, the participation of local phenomena is not
excluded. For instance, local regulation of NOS sub-types
in the microvascular vessels [46], of a fibrinolytic/anti-
thrombotic effect more microvascular than systemic [3, 36,
88], or of oxidases and dismutases may be possible
explanations. These important actions were not considered
by the study [27]. Recently, the existence of a natural
domain for statin has been suggested, which leads to
conformational changes of LFA-1, a relevant leukocyte
activator molecule [107]. The participation of that in
vasospasm is unclear and the existence of similar binding
sites with other molecules is unknown.

In a population-based case–control study in the Nether-
lands, Risselada et al. have shown that statin consumers did
not display a higher risk of SAH, and recent withdrawal
was associated with an increased risk of SAH [76]. This
evidence could be matched with the randomized prospec-
tive study of Blanco et al., where statin therapy was
finished in acute stroke phase. This trial overwhelmingly

demonstrated that statin withdrawal significantly worsens
the clinical progression and functional outcome [5].

More recently, a meta-analysis of four randomized
clinical trials (RCTs), two "pseudo" RCTs, five cohort
studies, and one case–control study showed interesting
differences. If only RCTs were analyzed, a profit can be
demonstrated, but the analysis of the observational studies
does not provide any definitive recommendation. The
combination of all the trials as well did not present
statistical significance [42]. In this way, the meta-analysis
of only RCTs shows the same tendency as the previous
meta-analysis. The possible implicit bias included in
observational studies could explain the controversies.

Up to now, the biggest series of patients was published by
McGuirt in 2009 [61]. The prospective cohort with 340
patients was unable to demonstrate a statistical difference in
vasospasm or clinical outcome at discharge by using
simvastatin 80 mg. This cohort study recruited one group
between 2003 and 2005, which was compared with another
group recruited between 2005 and 2008. The second one
additionally received simvastatin. Contrary to a previous
study of the same investigators, a benefit was not found. The
authors recognized the lack of randomization in the study,
which precludes level I evidence of the results. In this paper,
the authors finally suggested many positive effects of statin
therapy, and the clinical benefit of these agents may manifest
with longer follow-up or as improved general functions
months after SAH. In this way, studies assessing long-term
outcomes are warranted, considering that the best evidence
generated from randomized prospective clinical trials is
enhanced by the evidence of negative effects of statin
therapy withdrawal in SAH and stroke. It should be through
the use of statins after SAH, specifically in regards to the
limited alternative therapeutic options against vasospasms
and the tolerability of statins. The results of SimvaSTatin in
Aneurysmal Subarachnoid Hemorrhage (STASH), a large
phase III trial, may provide a definitive conclusion [86].

Intracerebral hemorrhage

The initial experimental evidence generated in animals
appeared in a couple of studies in 2004. In one of them,
atorvastatin was administered orally beginning 24 h after
intracerebral hemorrhage (ICH) and continued daily for
1 week. With low dose of 2 mg/kg, a significant reduction
of neurological deficit at 2 to 4 weeks after the ICH was
observed, while higher doses of 8 mg/kg did not improve
functional outcome or reduce the brain damage [80]. In
another study, atorvastatin was examined at 1 and 10 mg/kg
for 2 weeks after induced ICH. Consistent with the previous
study, a best development of sensomotoric deficits was
observed. An effect on hematoma growth was not identi-
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fied, but total brain water and atrophy were reduced,
suggesting a possible limitation of edema formation and
neuronal death [32]. A comparison of simvastatin and
atorvastatin showed with both two substances a significant
improvement with a slight superiority of simvastatin [33].

Supported by these studies, initial attempts at evaluating
the effect on humans were accomplished (Table 1). In a
retrospective study performed in Johns Hopkins Hospital, the
effect of statin given prior to ICH was assessed in 125
consecutive ICH patients. The authors found that patients
with prior statin had a smaller perifocal edema in comparison
to those without statins. The multivariate analysis showed a
significant correlation between prior statin and the reduction
of early absolute edema volume [68]. The same group
demonstrated that prior use of statins was associated with
lower mortality at 30 days. They calculated an odds ratio
greater than 12-fold for survival [69]. A third retrospective
study of 629 consecutive ICH patients with 24% users of
statins before ICH did not find differences on rates of
functional independence (28% versus 29%) or mortality
(46% versus 45%). Importantly, survivors treated with statins
after discharge did not have a higher risk of rebleeding
(hazard ratio 0.82, 95% CI, 0.34–1.99) [18].

A prospective series of 18 hypertensive ICH patients
treated with rosuvastatin 20 mg for 7 days was compared
with 57 retrospective controls. In this study, the mortality
rate during hospitalization was lower (difference 10%) and
the tendency was sustained at 30 days. A small difference
concerning outcome, assessed by National Institute Health
Stroke Scale (NIHSS) was observed. The multivariate
analysis showed a positive correlation of statin use with
the assessed outcomes, especially the possibility to achieve
a better NIHSS result (<15) [90]. Recently, the National
Acute Stroke Israeli Surveys (NASIS) analyzed data of
patients admitted to 28 hospitals between 2003 and 2007.
Among 312 ICH patients, 89 of them were receiving statins
at the time of the ICH. These patients with statins had a
better baseline neurological status (NIHSS <15). An OR of
2.97 for having good outcome (95% CI, 1.25–7.35) at
discharge and an OR of 0.25 for death or discharge in a
nursing facility (95% CI, 0.09–0.63) were calculated [48].
A consecutive study of this last group compared prior users
of statins with non-users. Despite the fact that this trial was
able to find lower hematoma volumes and mortality rates,
no significant differences were detected by multivariate
analysis [15]. A recent study from Spain showed in a
retrospective series a significantly better outcome after ICH
if statins were used before ICH [23].

Up to now, no randomized clinical trial or epidemiolog-
ical data present an evidence for the association between
low cholesterol and the occurrence of ICH [28, 47, 109,
111]. A population meta-analysis from 29 cohorts in the
Asia-Pacific region showed a decreased risk of fatal

hemorrhagic stroke with each 1-mmol/l higher level of
total cholesterol [113].

The clinical trials with statins that have reduced the
cholesterol levels below 70 mg/dl, however, did not find an
association with ICH incidence [106, 108, 109]. The Stroke
Prevention by Aggressive Reduction in Cholesterol Levels
(SPARCL) study revealed that stroke (fatal and non-fatal)
was significantly reduced by 16% on atorvastatin therapy
[1]. An extension analysis of SPARCL effectively demon-
strated an increased risk of ICH in patients treated with high
dose of atorvastatin, especially in those with a previous
hemorrhagic stroke, in men, and in those with increased
age. Patients with stage II hypertension prior to ICH also
have an increased risk (1.6-fold) [22]. A meta-analysis of
data from 90,056 individuals in 14 randomized trials of
statins demonstrated the reduction in the incidence of first
stroke of any type, but no significant difference in
hemorrhagic stroke was found [4].

The available data suggest that a low dose of statin
during acute phase might be enough to achieve the
neuroprotective/restorative effects of statins. In contrast to
the therapy for years during SPARCL, a treatment for just
some days or weeks seems to be enough for acute
management of ICH. In the USA, a study is currently
assessing the effect of simvastatin on radiological progres-
sion of ICH; similar studies have been required [13].

Traumatic brain injury

Regarding traumatic brain injury (TBI), the experimental
studies in animals are broad, although scarce on humans. Rats
treated with oral atorvastatin at 1 mg/kg/day after injury and
for seven consecutive days demonstrated after 14 days a
significant reduction in neurological functional deficits,
increase in neuronal survival, and synaptogenesis in the
boundary zone of the lesion and in the hippocampus [51].
The same group has described improved perfusion of vessels,
reduced intravascular coagulation, prompt recovery of spatial
memory, and a quicker resolution of contusions [52, 53].
Wang et al. compared two statins, atorvastatin (20 mg/kg)
and simvastatin (20 mg/kg). They reported a reduction in
functional neurological deficits, diminished hippocampal
degeneration, and suppression of inflammatory cytokine
mRNA expression in parenchyma [103]. Another study with
simvastatin administered orally at a dose of 1 mg/kg starting
at day 1 after TBI and daily for 14 days showed an increased
phosphorylation of protein kinases B (Akt), glycogen
synthase kinase-3β (GSK-3β), and cAMP response
element-binding proteins; increase in cell proliferation and
differentiation; and enhanced recovery of spatial learning
[110]. Recently, a study with simvastatin confirmed the
positive effects in rats after TBI, which was related with the
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reduction of IL-6, IL-1β, and TNF-α [49]. It has been
proposed that simvastatin is superior to atorvastatin for
improving spatial learning. This difference could be related
to pharmacological properties [54, 59]. Finally, pre-treatment
with lovastatin (4 mg/kg) showed similar effects on TBI [10].

Recently, only one very small randomized clinical trial
in humans was published. This study included 21 patients
with TBI and Glasgow coma score between 9 and 13. Eight
patients were treated with rosuvastatin (20 mg single dose
daily) within 24 h after injury, and 13 were control patients.
The main objective of the trial was the assessment of the
amnesia time using the Galveston Orientation Amnesia
Test. The proportion of patients with quicker recovery of
memory and orientation was higher in the statin group.
Multivariate Cox survivor analysis showed an increased
probability for recovery of orientation and for decrease of
amnesia [91]. In this study, an immunological explanation

was supposed. More studies are urgently required before a
generalized application can be suggested. This might be
difficult for TBI because of the great variability/bias
involved. Small clinical studies in a selected group of
patients with excellent methodology should provide infor-
mation about the real role of statins in this affection. A
meaningful limitation could result from the galenic formu-
lation of the medicaments that can only be orally
administered. The interest of pharmaceutical companies
should be attracted to this field.

Glioblastoma multiforme and other tumors

Initial experimental data suggested a potential carcinoge-
nicity and mutagenicity of statins, but other in vitro and in
vivo studies have suggested that statins might exert an anti-

Fig. 2 Summary of pathways regulated by statins. The main
mechanism (green) implicates the synthesis of isoprenoids as
geranylgeranyl pirophosphate (GGPP) and farnesyl pyrophosphate
(FPP). The Ras-MAPK cascade and related Raf-1, Rho, Rac (blue)
are down-regulated through protein prenylation; in this way, the
proliferation rate could decrease. Up to now, the molecules related to
control of Akt-mTor are unknown, although this has been described as
a possible regulation point. Statins are able to activate the PPARs
(peroxisomal proliferation activator receptor) through the p38. The
PPARs modulation is an important center for gene regulation, which
controls multiple cell-cycle proteins through Wnt/β-catenin pathway.
By targeting PPARs or other pathways, statins can regulate caspases
and induce apoptosis. The exact mechanism is unknown yet, but the
participation of TRAIL (TNF-related apoptosis-inducing ligand) and

related Bim proteins seems to be most probable. Statins could
modulate IL-18 and other interleukins, which modulate the lympho-
cytic populations as natural killers (NK). Finally, statins decrease
integrins formation by FAK (focal adhesion kinase) inhibition.
CCAAT/enhancer binding proteins (C/EBP), cyclin-dependent kinase
(CDK), glycogen synthase kinase-3 (GSK), histone deacetylases
(HDAC), β-hydroxy-β-methylglutaryl coenzyme A (HMG CoA),
interferon (IFN), interleukin (IL), mitogen-activated protein kinases
(MAPK=Erk, MEK, MEEK), nuclear factor κβ (NF-κβ),
phosphatidylinositol-3 kinase (PI3K), 3-phosphoinositide-dependent
protein kinase (PDK), phospholipase C (PLC), protein kinase C
(PKC), retinoid X receptor (RXR), tyrosine kinase receptor (TRK=
VEGFR, IGF-1R, EGFR)
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carcinogenic effect. The data regarding cancer risk after
statin administration are confusing [44, 57, 67, 77, 82, 93].

On the other hand, effects on angiogenesis, inhibition of
tumor growth, and induction of apoptosis have been
described. This anti-tumor activity is dose-related, variable
for each statin, and importantly depends on the kind of
tumor. Therapeutic assessment in several kinds of tumors
has been evaluated; some trials are positive, another unable
to detect differences but demonstrate tolerance of the
employed doses, and others show some toxicity symptoms
(for review, see reference [26]).

Regarding glioblastoma multiforme, the known abnor-
mality of lipid metabolisms supported the intervention of
cholesterol pathway as a therapeutic target [75]. Experi-
ments on cell cultures suggested that the inhibition of
farnesyl biosynthesis by statins is associated with inactiva-
tion of Ras pathway and reduction of MAPK activity [7,
29, 31] (Fig. 2). Additionally, the statins are able to disrupt
the actin stress fibers and focal adhesion plaques even at
nanomolar concentrations [21, 70] as well as induce
apoptosis and cell-cycle arrest [9, 66, 83]. Figure 2 shows
the possible molecular pathways involved by statins, which
could explain the anti-tumor effects. A summary of the
studies in glioma cells with statins is provided in Table 2.

The combination of statin with other drugs such as
thiazolidinediones, gefitinib, BCNU (N,N′-bis(2-chlor-
oethyl)-N-nitrosourea), and β-interferon might increase the

anti-tumor activity [8, 85, 112]. Proliferation inhibition of
other kinds of tumors such as medulloblastoma and
meningioma has been described [30, 56, 104, 105].

Only the results of one clinical trial accomplished in
1998 are available, in which 18 patients with glioma WHO
III–IV were included. A scheme of lovastatin 20–30 mg/kg/
day with and without radiotherapy was applied. Safety and
tolerability of the used doses were reported. However, a
minimal effect on response/survival was found [45]. The
big weakness of this trial was the administered dose of the
statin. In an animal study, Gabryś et al. showed that after
administration of lovastatin 50 mg/kg, a tumor concentra-
tion between 0.023 and 0.41 μM can be obtained.
Nevertheless, the tumor volume was reduced [20]. This
lower dose could be an explanation for the poor results
published by Larner et al. [45]. According to recent
experimental studies and the pharmacological properties
of lovastatin, a higher dose should be required [59]. In
another recent Mexican phase II study in pediatric patients
with brain stem tumors, the effects of four chemotherapeu-
tic courses every 28 days consisting of thalidomide,
fluvastatin (alternating every 14 days), and combined with
carboplatin and vincristine every 14 days followed by
radiotherapy were assessed. This complex schema allowed
increasing survival at 24 months with significant tumor
reduction [50]. The real part of statins in this very complex
approach unfortunately had to be left unexplained.

Author Treatment Molecular findings

Soma [85] SMV+BCNU+interferon β Synergism

Jones [31] LVS DNA degradation

Soma [83] SMV Arrest G1

Increment of PKC activity

Soma [84, 85] SMV+BCNU Arrest in G1

An arrest/retardation in G2-M

Prasana [75] LVS Decreased TGF β2

PPAR activation suggested

Bouterfa [7] LVS Apoptosis induction

Disruption of actin filaments

Obara [70] CVS Invasion inhibition, FAK-dependent G0-1 arrest

Gliemroth [21] SMV Inhibition of migration, proliferation, and invasion

Jiang [29] LVS Variability of response between cell lines

Up-regulation of Bim activation Erk1/2, JNK, and p38

Koyotur [41] SMV Increased phosphorylation of ATF-2
and c-jun unaffected Erk1/2 and Akt

Cemeus [8] LVS+EGFR inhibitor (gefitinib) Potentiating of LVS cytotoxicity irrespective
of EGFRvIII and PTEN status

Chan [9] LVS+TRAIL Sensibilization of TRAIL receptor

Apoptosis induction with arrest G0-1 cell cycle

Gabryś [20] LVS+radiation Arrest G0–G1

Induction p21

Table 2 Summary of
experimental studies performed
with statins in glioma cells

Akt BCNU (N,N′-bis(2-chlor-
oethyl)-N-nitrosourea), CVS
cerivastatin, EGFR endothelial
growth factor receptor, FAK
focal adhesion kinase, FVS
fluvastatin, JNK Jun kinase,
LVS lovastatin, PKC protein
kinase C, PPAR proliferation
peroxisomal activator factor,
PVS pravastatin, SMV
simvastatin, TRAIL TNF-related
apoptosis-inducing ligand, TGF
transforming growth factor
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Studies on malignant glioma are restricted to simvastatin
and lovastatin. Currently, our group compares the effects of
five different statins in cell culture experiments and in
animal model in order to apply statins for therapy of
glioblastoma in humans. Considerations about potency,
dose, solubility, and blood–brain barrier permeability are
important before planning a randomized clinical trial.

Other perspectives

Sepsis is a complex and multifaceted syndrome, where the
activation of the immune system is associated and related to
organ dysfunction. Sepsis-associated mortality is a world-
wide leading cause of death, with reported case fatality
rates ranging from 30% to 70% [95]. Surgical patients and
especially those in intensive care units are the target for this
disease. In regards to their pleiotropic properties, statins
have been suggested as a potential adjuvant treatment. The
suggestion is based on animal models, microorganism
cultures, human experimental data, and observational
studies. A reduction in overall incidence and severe forms
of sepsis has been reported [94]. An extensive review was
recently published by Kopterides and Malagas, who
analyzed the available studies and provided a list of seven
ongoing studies [39].

Concerning lumbar back pain and disc disease, several
immunological abnormalities are discussed regarding path-
ogenesis, even though this issue is poorly understood.
Many publications have suggested a central role for
monocytes/macrophages on the disease’s progression [2,
25, 35, 38, 78, 89, 102]. Considering this inflammatory
background, ten patients with disc herniation-induced
severe sciatica receiving an anti-TNF-α (infliximab) were
examined and compared to 62 historical control patients.
After 1 h the leg pain had decreased by 50%, and after
2 weeks 60% of the infliximab patients were painless
versus only 16% of the controls. This difference remains up
to 3 months [34]. Following these positive results, the
Finnish Infliximab Related Study was performed. In this
examination of infliximab, patients with disc herniation-
induced sciatica did not show substantial differences on
assessed aspects [40]. The disappointing results of this
study could be originated by methodological aspects such
as a small number of patients. Additionally, time with pain,
symptoms at allocation, and anatomical segmental variabil-
ity such as those suggested in animal studies were not
considered for randomization [99]. Statins have been used
in chronic arthropathies such as rheumatoid arthritis, where
many cytokines and other inflammatory molecules partic-
ipate [24, 64]. A small study of patients with ankylosing
spondylitis who were treated with rosuvastatin suggested
the control of the disease’s activity [58, 100]. In consider-

ation of the immunomodulation that may be generated by
statins and the hypothesis of a relation between inflamma-
tion and progression of disc disease, experimental or
epidemiological studies may be promising [24, 89, 99].

Spinal cord injury is another interesting target where
statins could find an application. Studies with atorvastatin
demonstrated inflammatory modulation and neuroprotec-
tion, seen as a motor recovery in rats [71, 72]. Apoptosis
prevention by modulating caspase 3 has been implicated as
a possible action mechanism [14]. Studies with other statins
and attempts in humans are missing.

Finally, results from animal models assessing cerebral
ischemia showed that a pre-treatment with statins reduces
the ischemia-related consequences [16]. This aspect may be
interesting, especially in a neurosurgical context, because
elected patients planned for a sophisticated neurosurgical
operation might profit of this prophylactic effect. A trial for
proving such effect, however, could be very difficult, since
multiple factors are influencing the outcome after a
neurosurgical procedure. Considering the current evidence
of cardiovascular and neurovascular protection with a
reasonable pharmacological safety, the use as pre-
surgically admitted adjuvant might be thinkable.

In conclusion, statins are interesting, intriguing drugs,
which could profit in different directions to neurosurgical
patients. Despite growing evidence, more experimental
explanations and clinical trials are needed so far.
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Comments

Atos Alves de Sousa, Rafael Augusto Castro Santiago Brandão, Belo
Horizonte, Brazil

Tapia-Perez et al. have done an excellent job when researching into
and grouping the most updated literature on the application of statins
in neurosurgical diseases. The current use of statins is well established
in the prevention of cardiovascular diseases and dyslipidemia, and
even though their application in several neurological pathologies is
still being studied, it seems that their potential benefits are
progressively becoming clear. In the beginning of the 1970s, the
microbiologist Akira Endo1 was searching for a new antibiotic when
he observed that certain fungi were also capable of producing a strong
inhibitor of cholesterol production. Endo isolated and analyzed this
compound which gave origin to the matrix of statins. The importance
of such discovery was not so clear at the time, but 39 years later many
new benefits of these drugs are being reported. These points to the

relevance of constant research on the already used medications, even
after years after their initial description.

As well reported by the authors, the neuroprotector effects and
anti-tumor activity of statins enlarge their field of application and open
new opportunities for new research into the use of these substances.
Their application to rachimedular traumas has not yet been studied in
humans, but in animal models it has been associated to a better motor
recovery and their positive effect on the inflammatory response has
also been proved. Their benefit in neuro-oncology is still uncertain,
but they have been related to inhibition of tumor cell proliferation and
to apoptosis induction. According to the authors, the works that have
been published were experimental or involved small series.

In regards to subarachnoid hemorrhage (SAH), randomized studies
with large series so as to confirm the positive effects of statins have not
been done yet. When analyzing the data displayed in Table 1, it is clear
that the studies involve a small number of patients and so it is not
possible to conclude anything yet. The largest series (340 patients) did
not find any reduction in the incidence of symptomatic vasospasm or
mortality, or any difference in SAH prognosis, comparing the control
group and the simvastatin group. The results of phase II of STASH,
with 80 patients, demonstrated a potential benefit of statins on SAH.
But it is necessary to wait for the results of phase III in order to have a
more consistent conclusion about the effects of statins on SAH.

Reference
1. Endo A. The origin of the statins. Atheroscler Suppl. 2004 Oct;5

(3):125–30.

Susanne Mink, Zurich, Switzerland
In this comprehensive review, the authors summarize the research

development regarding the effect of statins in neurosurgery. Statins are
a remarkable group of drugs with multiple and very different primary
and secondary effects. The increasing knowledge in the field of statins
has significant implications for medicine in general, especially in
neurosurgery.

Most often the published studies included only a small number of
patients, and the results are controversial. But it seems to be of
growing evidence that there is no beneficial effect of statins in the
treatment of vasospasm in patients suffering from aneurysmal
subarachnoid hemorrhage (Vergouwen et al. Stroke. 2010 Jan;41(1):
e47–52). Furthermore, a recently published study of Danesh et al.
(JAMA. 2009 Nov;302(18):1993–2000) provides convincing data that
non-HDL cholesterol levels are modestly associated with ischemic
stroke but not with hemorrhage. It is not only interesting to study
different statins, but as well the different predictive values of other
lipid markers, including novel apolipoproteins.

With this paper, the authors give us a succeeded update of the statin
research results concerning neurosurgery and a useful overview with the
tables of relevant neurosurgical topics and statin application studies.
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