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Abstract

Background and purpose
Recently, two randomized controlled phase II studies showed that acute initiation of statin 
treatment directly after aneurysmal subarachnoid hemorrhage (SAH) decreases the incidence 
of radiological vasospasm and clinical signs of delayed cerebral ischemia (DCI), and even 
reduces mortality. It was hypothesized that the observed clinical effects resulted from 
pleiotropic effects of statins. The purpose of the current study was to investigate the biological 
effects of acute statin treatment in patients with aneurysmal SAH. 

Methods
We performed an exploratory single-center, prospective, randomized, double-blind, placebo-
controlled trial. Patients were randomi zed to simvastatin 80 mg or placebo once daily. 
Primary outcome was the effect of simvastatin on laboratory parameters of endothelial 
function, fibrinolysis, coagulation, inflammation, and cholesterol. Secondary outcomes were 
the occurrence of transcranial Doppler vasospasm, clinical signs of DCI, and outcome on the 
Glasgow Outcome Scale (GOS) 3 and 6 months after SAH. 

Results
Thirty-two patients were included. There were no statistically significant differences in clinical 
baseline characteristics. Concerning primary outcome, there were significant differences by 
treatment group for total cholesterol and LDL cholesterol (p<0.0001), but not for parameters 
of coagulation, fibrinolysis, endothelium function, and inflammation. Concerning secondary 
outcomes, no differences were observed in the incidence of TCD vasospasm, clinical signs of 
DCI, and poor outcome.

Conclusions
Both the primary and secondary outcome results of this study do not support a beneficial 
effect of simvastatin in patients with SAH. Before implementation of statin treatment in every 
day practice, the results of phase III clinical trials should be awaited. (ISRCTN45662651)
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Introduction
Patients surviving aneurysmal subarachnoid hemorrhage (SAH) are at risk of delayed cerebral 
ischemia (DCI). Presently, the only drug that decreases the incidence of DCI is the calcium 
channel blocker nimodipine.1 Because the risk reduction of nimodipine is modest, intense 
efforts are made worldwide to find new treatments for this complication. 

Recently, two randomized controlled phase II studies showed that acute initiation of statin 
treatment directly after aneurysmal SAH decreases the incidence of radiological vasospasm 
and clinical signs of DCI, and even reduces mortality in patients already treated with 
nimodipine.2-4 The results were remarkable since the trials were not powered to detect 
differences in clinical outcome. Since DCI is associated with increased morbidity and 
mortality after SAH and the observed risk reductions as a result of acute statin treatment 
were large, many neurocritical care units decided not to await the results from phase III trials 
and to implement statin treatment in their SAH management protocol.5,6 However, several 
other studies found no effect of statin treatment in patients with SAH.6-9 Therefore, there is 
considerable doubt on the effects of statin treatment in this group of patients. Moreover, the 
mechanism by which statins can decrease DCI in SAH patients also remains to be elucidated. 
Clearly, additional studies are needed to investigate the effect of acute statin treatment on 
DCI and outcome in patients with SAH. 

The purpose of the current study was to investigate the biological effects of acute statin treatment 
in patients with aneurysmal SAH. If biological effects are found which may explain the previously 
observed beneficial effects of treatment with statins, this would support the use of statins in SAH 
patients. In addition this would provide more insight into the pathogenesis of DCI.  

Methods
We performed a single-center, prospective, randomized, double-blind, placebo-controlled 
trial. The study protocol was approved by the local Institutional Review Board (IRB 06/33). 
This trial is registered in the International Standard Randomised Controlled Trial registry, 
number ISRCTN45662651.

Patients
All patients with symptoms and signs of SAH with evidence of an aneurysmal bleeding on 
the initial CT scan were eligible for the study. If CT scan was negative but lumbar puncture 
showed evidence of bleeding in the cere brospi nal fluid, patients were eligible for inclusion 
if CT angiography or conventional angio graphy showed an aneurysm. Patients with a non-
aneurysmal pattern of bleeding on the initial CT scan were only eligible for inclusion if (CT-) 
angio graphy showed an appropriate aneurysm. Exclusion criteria were: 1) under 18 years of 
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age; 2) patients using aspirin, warfarin, and/or statins; 3) contra-indication for simvastatin 
(active liver disease, liver alanine aminotransferase or aspartate aminotransferase more than 
3 times the normal upper limit, myopathy); 4) kidney insufficiency; 5) pregnancy or lactation; 
6) if death appeared imminent. All patients received stand ard care including treatment 
with nimodi pine 360 mg a day orally (60 mg every 4 hours). Initiation of hypertension and 
hypervolemia therapy was at the discretion of the treating neurosurgeon, according to the 
Academic Medical Center Subarachnoid Hemorrhage Treatment-guideline to which all 
neurologists, neurosurgeons, and intensive care physicians adhere. 

Clinical baseline characteristics
At baseline, several characteristics were recorded such as age, sex, Glasgow Coma Scale (GCS), 
presence of focal neurological deficits, loss of consciousness during ictus, warning leak, blood 
pressure at admission, smoking, history of hypertension, and location of aneurysm. 

Randomization and drug administration   
The randomization plan was developed by the local Department of Clinical Pharmacy, 
using permuted-block randomization. Study medication was manufactured according 
to Good Manufacturing Practice (GMP) guidelines. Simvastatin and placebo were packed 
in identical capsules. Medica tion was available in numbered treatment boxes containing 
capsules for a complete 15-day course of simvastatin or placebo. As soon as the diagnostic 
inclu sion criteria were fulfilled and written informed consent was obtained from the patient 
or a legally acceptable surrogate, the patients were randomi zed to receive oral simvastatin 
80 mg or placebo once daily. Randomization and subsequent start of study medication had 
to take place as soon as possible, but never later than 72 hours after SAH. Study treatment 
was continued until day 14 after SAH (the day of the hemorrhage was defined as day 0). In 
case of good clinical condition and hospital discharge before day 14 after SAH, patients were 
asked to continue the study medication at home and to return the treatment box by mail. All 
clinicians, nurses, patients, and investigators were blinded for study treatment. Unblinding 
of the treatment codes occurred six months after the inclusion of the last study patient. All 
outcome assessments were performed before the treatment codes were broken.

Blood samples
Study blood samples were taken within 72 hours after arrival in the hospital prior to initiation 
of study medication, and at 4±1 days, 7±1 days, 10±1 days, 14±1 days, and 17±1 days after 
SAH. All blood withdrawals were performed by the same investigator (MDIV). In case of 
hospital discharge before day 17 after SAH, patients did not return to the hospital for the 
remaining blood withdrawals. All blood withdrawals were taken between 8 AM and 9.30 AM 
because of diurnal fluctuations of certain parameters such as plasminogen activator inhibitor 
(PAI)-1 antigen. After withdrawal, blood was directly processed and stored in a -80 degrees 
Celsius freezer until laboratory tests were performed, which occurred after all patients were 
included in the trial. 
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To investigate the biological effects of simvastatin, we studied both cholesterol-dependent 
(total serum cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein 
(LDL) cholesterol, triglycerides) and cholesterol-independent, so called pleiotropic, effects. 
Concerning pleiotropic effects, we studied parameters of fibrinolysis (tissue plasminogen 
activator (tPA) antigen, tPA activity, PAI-1 antigen, PAI-1 activity, d-dimer), coagulation 
(prothrombin fragment F1+2), endothelial function (von Willebrand factor (vWF), soluble 
thrombomoduline (sTM)), and inflammation (C-reactive protein (CRP), interleukin (IL)-1β, 
IL-6, IL-8, IL-10, IL-12-p70, and tumor necrosis factor (TNF)-α). 

Measurements of tissue-type plasminogen activator antigen (Innotest, Hyphen BioMed, 
Andrésy, France), plasminogen activator inhibitor-1 antigen (Hyphen BioMed, Andrésy, 
France), von Willebrand factor antigen (antibodies from Dako, Glostrup, Denmark), soluble 
thrombomodulin (Asserachrom, Roche, Almere, the Netherlands), and prothrombin fragment 
F1+2 (Dade Behring, Marburg, Germany) were performed by ELISA. Plasminogen activator 
inhibitor-1 activity was determined with Berichrom PAI-1 (Dade Behring) on a Behring 
Coagulation System. tPA activity was determined in Stabilyte plasma by an indirect two-
stage enzymatic procedure (Biopool, Umea, Sweden). D-dimer levels were determined with a 
particle-enhanced immunoturbidimetric assay (Innovance D-Dimer, Dade Behring, Marburg, 
Germany). TNF-α, IL-1β, IL-6, IL-8, IL-10 and IL-12p70 were measured by cytometric 
beads array (CBA) multiplex assay (BD Biosciences, San Jose, CA). The detection level of all 
interleukins and TNF-α was 2.5 pg/ml, and of C-reactive protein 0.1 mg/l. 

Transcranial Doppler (TCD) examinations were performed of both anterior and middle cerebral 
arteries at the same days of study blood withdrawals. All TCD’s were performed by the same 
investigator (MDIV). Maximum and mean blood flow velocities (Vmax and Vmean respectively) 
were recorded. Distinction was made between no vasospasm (Vmean in any measured cerebral 
artery < 120 cm/sec), moderate vasospasm (Vmean ≥ 120 cm/sec and < 160 cm/sec), and severe 
vasospasm (Vmean ≥ 160 cm/sec).

Definition of events 
An event was defined as the occurrence of focal neurological impairment and/or a decreased 
level of consciousness of at least 2 points as recorded on the GCS. Events were distinguished 
in rebleeding, DCI, hydrocephalus, meningitis, and other events (such as pneumonia, coiling 
related complications, and operative complications (other than ischemia)). 

Outcomes 
Primary outcome was the effect of simvastatin on laboratory parameters of endothelial function, 
fibrinolysis, coagulation, inflammation, and cholesterol after aneurysmal SAH. Secondary 
outcomes were the occurrence of TCD vasospasm, the occurrence of clinical signs of 
DCI after SAH, and outcome on the Glasgow Outcome Scale (GOS) 3 and 6 months after SAH. 
Poor outcome was defined as Glasgow Outcome Scores ‘dead’, ‘persistent vegetati ve state’, and 
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‘severe disability’. Favorable outcome was defined as ‘moderate disability’ and ‘good recovery’. 
Furthermore, the reason of poor outcome was scored. 

Statistical analysis
Since the main purpose of our study was to investigate the biological effects of statins in 
patients with aneurysmal SAH, the study had an exploratory design and no sample size 
calculation was performed. Clinical baseline characteristics were summarized using 
descriptive statistics. The analyses involved all randomized patients irrespective of duration 
of treatment, timing of coiling or operation, et cetera (intention to treat principle). 

For the primary outcome analyses, the difference in development of laboratory markers by 
treatment group was investigated via random effects models. In these models, the parameters 
that describe the trend were allowed to differ per individual. The parameters per individual (the 
intercept, slope, and possibly quadratic term) were assumed to originate from a multivariate 
normal distribution. The mean of this distribution yielded the average development at the 
group level. For all interleukins, there were many values below the detection limit of 2.5 pg/
ml. For these models, a random effects logistic regression was performed, with value above or 
below the detection limit as outcome variable. For all other markers, a suitable transformation 
was performed to make the values more symmetrically distributed, after which a linear random 
effects model was fitted. The general regression strategy was as follows. For total cholesterol 
and LDL cholesterol, a polynomial trend over time was assumed, which was allowed to differ 
by treatment group. For all other markers, an intercept and a slope parameter was included 
in the model, which was allowed to differ by treatment group. If the trend parameter (slope 
or polynomial trend) did not differ significantly by treatment group, it was excluded from the 
model. Analyses were done with the nlme and lme4 packages in the R statistical program.10 

For the secondary outcome analyses, we calculated relative risks and used χ2 and Fisher’s 
exact test when appropriate to analyse differences in the outcome parameters between the 
treatment groups. 

Results
During the study period from May 2006 until August 2007, 75 patients with a bleeding pattern 
suggestive for aneurysmal SAH were screened for study eligibility. Reasons for exclusion are 
listed in figure 1. In total, 32 patients were included.

Baseline characteristics of the included patients are summarized in table 1. In the placebo group 
there were more women and more patients with focal neurological impairment on admission, 
but this difference did not reach statistical significance. One patient in the simvastatin group 
had an aneurysmal bleeding pattern and was randomized prior to angiography, which did not 
show an aneurysm. This patient was included in the intention-to-treat analysis. Furthermore, 
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no substantial baseline differences between the treatment arms were observed. Thirty-one 
patients received treatment of the aneurysm: 24 patients (77%) were coiled and 7 patients 
(23%) were clipped. Median day of aneurysm treatment after SAH was day 1 (range day 0-30). 
Distribution of type and day of treatment was similar in both groups. A larger number of 

Figure 1. Enrolment and number of patients studied

75 SAH patients screened 
for study eligibility 

 

43 patients excluded for following 
(combination of) reasons: 

   - death imminent (n=10) 
   - no aneurysm (n=9) 
   - SAH more than 3 days ago (n=9) 
   - statin use (n=7) 
   - no informed consent (n=5) 
   - aspirin use (n=2) 
   - anticoagulant use (n=2) 
   - participation in other study (n=1) 

- treatment cessation because of     
   comorbidity (n=1) 
- soon discharge expected because 
   inhabitant of other region (n=1) 
 

32 patients randomized 

  
 
16 assigned to simvastatin        16 assigned to placebo 
(all patients received allocated       (all patients received allocated 
intervention)          intervention) 
      
 
 
3 patients discontinued        1 patient discontinued  
intervention:                 intervention: 
- supposed adverse event:         - study medication lost during 
      - muscle ache (n=1)             transfer within the hospital  
      - liver aminotransferase > 3            (n=1) 

         times upper-limit (n=1)  
-  study medication lost during 
   transfer within the hospital 
   (n=1)  
 
No patients lost to follow-up        No patients lost to follow-up 
 
 
 
16 patients analyzed              16 patients analyzed  
(intention-to-treat analysis)         (intention-to-treat analysis)  

patients in the simvastatin group received hypertension/hypervolemia therapy (9 patients 
(56%) in the simvastatin group vs. 4 (25%) in the placebo group). In total, 28 patients (88%) 
completed the study medication treatment period or continued study medication until death. 
In 2 patients study medication was stopped early, because of potential side effects (muscle 
ache (n=1) or liver aminotransferase more than 3 times upper limit of normal (n=1)). Both 
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patients were randomized to simvastatin. In 2 other patients study medication was lost during 
transfer within the hospital. The median number of days that study medication was given was 
13 (range 4-15 days). 

Primary outcome 
Results of laboratory investigations are listed in table 2 (see page 116-117). For total cholesterol 
and LDL cholesterol, but not for HDL cholesterol and triglycerides, there were significant 
differences by treatment group (p<0.0001 for both). No differences were observed for 
coagulation and fibrinolytic parameters. Concerning endothelial function, the simvastatin 
group had a significantly higher baseline value of sTM prior to initiation of study medication 
(p=0.005). This difference did not decrease over time. No differences between treatment groups 
were observed for von Willebrand factor. Concerning inflammation, CRP value was slightly 

Table 1. Clinical baseline characteristics of included patients

Total
(n=32)

Simvastatin
(n=16)

Placebo
(n=16)

Mean age, year (SD) 54 (11) 53 (11) 54 (11)

N of women (%) 20 (63) 8 (50) 12 (75)

N of patients smoking

- current smoker (%) 12 (38) 7 (44) 5 (31)

- former smoker (%) 3 (9) 1 (6) 2 (13)

N of patients with hypertension (%) 6 (19) 2 (13) 4 (25)

Median GCS score (range) 14 (5-15) 14 (5-15) 14 (5-15)

N of patients with GCS score of 15 on admission (%) 10 (31) 6 (38) 4 (25)

N of patients with focal neurological impairment (%) 9 (28) 3 (19) 6 (38)

Median WFNS score (range) 2 (1-5) 2 (1-5) 2 (1-5)

N of patients with ictal loss of consciousness

- yes (%) 17 (53) 10 (63) 7 (44)

- no (%) 13 (41) 5 (31) 8 (50)

- unknown (%) 2 (6) 1 (6) 1 (6)

Median Hijdra-score admission CT-scan (range) 23 (2-37) 22 (3-37) 24 (2-31)

N of patients with warning leak (%) 6 (19%) 4 (25) 2 (13)

Mean blood pressure (SD) on admission

- systolic 161 (34) 159 (37) 164 (31)

- diastolic 91 (18) 88 (20) 95 (16)

Location of aneurysm

- anterior circulation (%) 27 (84) 13 (81) 14 (88)

- posterior circulation (%) 4 (13) 2 (13) 2 (13)

- no aneurysm (%) 1 (3) 1 (6) -
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higher for the simvastatin group at the first measurement (p=0.04), with a (non-significant) 
tendency for this difference to become smaller over time. For IL-10 there was a significant 
difference in trend by treatment group. The simvastatin group had a higher probability to 
have detectable IL-10 levels at the first measurement before initiation of study medication 
(OR=26 (95% CI 2.9-234)). This difference decreased over time (p-value for difference in slope 
0.02). At the sixth measurement at day 17 after withdrawal of study medication, IL-10 levels in 
simvastatin treated patients normalized. For the other interleukins, there were no significant 
differences between treatment groups. Serum TNF-α was undetectable in all patients.

Secondary outcome
Distribution of events in both treatment groups is summarized in table 3. The occurrence 
of TCD vasospasm and clinical signs of DCI was similar in both treatment groups. Signs of 
DCI started at a median of 6 days (range 4-10 days). Two patients who did not complete study 
medication had clinical signs of DCI. Both were randomized to the simvastatin group and had 
clinical signs of DCI before medication was stopped: both patients developed DCI at day 5, 
while the last study medication was given at day 6.

Follow-up data 3 and 6 months after SAH were complete in all randomized patients. In each 
treatment group 4 patients (25%) had poor outcome 3 and 6 months after SAH. Causes of 
poor outcome in the simvastatin group were initial hemorrhage (n=2), rebleed (n=1), and DCI 
(n=1). In the placebo group poor outcome was caused by rebleeding (n=1) and DCI (n=3). In 
each treatment group 2 patients died. Both in the placebo and simvastatin group one patient 
died from rebleeding and one from DCI. 

Table 3.  Distribution of events and TCD vasospasm after SAH

Total
(n=32)

Simvastatin
(n=16)

Placebo
(n=16)

Rebleeding (%) 3 (9) 2 (13)  1 (6)

Delayed cerebral ischemia (%) 11 (34) 6 (38) 5 (31)

Vasospasm on TCD

- no vasospasm (%) 8 (25) 3 (19) 5 (31)

- moderate vasospasm (%) 12 (38) 5 (31) 7 (44)

- severe vasospasm (%) 11 (34) 7 (44) 4 (25)

- no transtemporal window (%)    1 (3)  1 (6) -

Hydrocephalus (%) 10 (31) 5 (31) 5 (31)

Meningitis (%) 3 (9) 2 (13)  1 (6)
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Discussion
The results of the present study show that in patients with SAH acute simvastatin treatment 
decreases serum levels of total cholesterol and LDL cholesterol, but has no effect on markers of 
endothelial function, coagulation, and fibrinolysis. The analysis for IL-10 showed a significant 
difference in trend for treatment group, but the most plausible explanation for this difference 
is a return-to-normal phenomenon, since patients who were randomized to simvastatin had 
a significantly higher probability to have detectable IL-10 levels before initiation of study 
medication. After withdrawal of study medication the levels of IL-10 remained low in both 
groups, in contrast to total cholesterol and LDL cholesterol levels which increased in patients 
randomized to simvastatin. Other serum levels of inflammation also remained unaffected by 
simvastatin treatment. Finally, simvastatin did not affect TCD vasospasm, clinical signs of 
DCI, and poor outcome on the Glasgow Outcome Scale 3 and 6 months after SAH.

Statins provide a central basis for cardiovascular prevention in high risk patients.11-14 In view of 
the irrefutable evidence supporting a causal role of (oxidized) LDL in atherogenesis, the LDL-
lowering effect was held responsible for the benefits. However, during the last two decades it has 
become clear that, besides inhibiting HMG-CoA synthase, statins also prevent the synthesis 
of important isoprenoids, such as farnesylpyrophosphate and geranylgeranylpyrophosphate.15 

Table 2. Results of laboratory investigations. Serum levels of interleukins and TNF-α are not shown, because most levels 
were below the detection limit. Values are medians with interquartile ranges. Numbers 1 to 6 represent consecutive 
blood withdrawals at days 2, 4, 7, 10, 14 and 17 after SAH

Parameter Simvastatin Placebo

1 2 3 4 5 6 1 2 3 4 5 6

Total serum cholesterol (mmol/L) 4.2 (3.9-4.5) 3.5 (3.3-4.0) 2.9 (2.5-3.7) 3.0 (2.7-3.4) 3.8 (3.3-4.1) 4.1 (3.3-4.6) 4.4 (3.7-5.5) 4.7 (4.5-5.2) 4.4 (3.4-5.1) 4.1 (3.5-5.4) 4.3 (3.8-5.8) 4.8 (3.9-6.3)

HDL cholesterol (mmol/L) 1.4 (1.2-1.5) 1.2 (1.0-1.3) 0.9 (0.7-1.0) 0.8 (0.5-1.0) 0.9 (0.6-1.1) 0.7 (0.6-1.0) 1.1 (0.9-1.4) 1.2 (0.9-1.5) 0.9 (0.8-1.4) 0.9 (0.8-1.1) 1.0 (0.8-1.2) 1.3 (1.0-1.4)

LDL cholesterol (mmol/L) 2.4 (2.0-2.6) 2.1 (1.4-2.2) 1.8 (1.2-2.1) 1.8 (1.4-2.0) 2.2 (1.8-2.5) 2.4 (2.2-2.7) 2.8 (2.2-3.3) 3.0 (2.7-3.3) 2.9 (1.9-3.4) 2.4 (2.2-3.5) 2.9 (2.1-3.4) 2.5 (2.2-3.9)

Triglycerides (mmol/L) 1.1 (0.9-1.5) 1.1 (0.8-1.8) 1.1 (0.8-1.5) 1.2 (1.0-1.5) 1.5 (1.1-1.7) 2.0 (1.4-2.1) 1.1 (0.8-1.4) 1.1 (0.9-1.6) 1.4 (1.0-1.8) 1.4 (1.0-1.8) 1.2 (1.0-2.3) 1.3 (1.3-1.7)

tPA antigen (ng/mL) 6.9 (5.0-10.8) 6.7 (4.7-7.8) 10.1 (6.4-14.2) 10.4 (6.0-14.8) 12.7 (7.7-14.0) 9.2 (6.2-11.9) 5.5 (4.9-6.8) 5.5 (3.8-8.4) 7.5 (5.0-10.1) 9.1 (5.2-12.3) 8.4 (5.1-12.8) 6.1 (4.7-12.6)

tPA activity (IU/mL) 0.5 (0.2-0.8) 0.6 (0.5-0.8) 0.6 (0.4-1.1) 0.6 (0.5-0.7) 0.7 (0.3-1.1) 0.9 (0.5-1.0) 0.6 (0.3-0.9) 0.7 (0.5-1.0) 0.6 (0.4-1.0) 0.6 (0.4-1.0) 0.6 (0.5-1.2) 0.7 (0.4-1.3)

PAI-1 antigen (ng/mL) 69.5 

(27.3-132.8)

40.0 

(28.0-62.0)

60.0 

(45.5-78.5)

70.0 

(50.3-87.3)

61.0 

(43.5-97.5)

57.0 

(33.3-75.8)

33.0 

(24.0-74.3)

34.5 

(22.0-49.3)

44.0  

(33.0-72.0)

50.0 

(24.0-79.0)

56.0 

(33.5-73.5)

53.0 

(38.0-60.0)

PAI-1 activity (IU/mL) 5.1 (4.1-5.9) 4.2 (3.8-4.8) 5.5 (4.4-5.8) 4.9 (4.4-5.5) 4.5 (4.2-5.7) 4.5 (4.1-5.0) 4.4 (3.5-5.4) 4.4 (3.9-4.8) 4.6 (4.4-5.3) 4.8 (3.8-5.4) 4.7 (4.2-5.7) 4.8 (4.0-4.9)

Von Willebrand factor ag (%) 160.5 

(124.8-201.2)

197.0 

(146.0-219.0)

245.0 

(163.0-277.0)

175.5 

(147.8-265.5)

183.0 

(124.5-233.0)

158.0 

(99.3-248.3)

153.5 

(95.3-190.0)

165.5

 (115.5-211.5)

192.0 

(119.0-241.0)

214.0 

(118.0-274.0)

184.0 

(109.5-249.5)

171.0 

(143.0-256.0)

Soluble thrombomodulin (ng/mL) 35.0 

(24.9-49.3)

36.0 

(29.0-58.2)

37.7 

(29.9-62.2)

42.4 

(30.8-84.4)

33.4 

(26.1-47.4)

36.4 

(31.6-47.2)

22.0 

(19.2-27.1)

24.1 

(20.8-29.6)

20.5 

(18.5-33.3)

23.6 

(19.0-33.7)

24.2 

(17.7-28.8)

23.4 

(13.2-26.3)

D-dimer (mg/L) 1.0 (0.8-2.2) 1.2 (0.7-2.1) 1.4 (1.0-2.9) 1.6 (0.9-4.6) 1.6 (0.8-4.1) 1.5 (0.7-3.2) 1.3 (0.7-3.0) 0.7 (0.6-1.6) 0.9 (0.6-2.4) 0.8 (0.5-2.9) 0.8 (0.4-2.3) 0.9 (0.7-1.5)

Prothrombin factor F1 and F2 

(pmol/L)

234.0 (202.5-

357.8)

251.0 (174.0-

276.0)

303.0 (238.8-

390.5)

283.5 (243.0-

351.8)

267.5 (195.8-

341.0)

227.5 (181.3-

286.8)

248.5 

(164.8-319.0)

256.0 

(218.5-370.5)

265.0 

(236.0-313.0)

255.0 

(216.0-306.0)

230.0 

(165.5-381.0)

318.0 

(200.0-651.0)

C-reactive protein (mg/L) 64.4 

(14.6-108.2)

55.5 

(10.0-90.0)

48.5 

(15.2-96.5)

18.1 

(5.9-91.8)

19.9 

(4.7-28.7)

6.5 

(2.9-44.1)

18.8 (

10.4-42.6)

30.1 

(18.1-50.0)

35.0 

(6.5-50.9)

11.7 

(5.7-17.3)

5.9 

(2.6-8.9)

4.4 

(2.6-8.4)
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Statins have also been shown to be involved in immunomodulation and in a wide array of 
anti-inflammatory effects.16,17 The impact of these so-called pleiotropic effects for clinical 
benefit is a matter of intense debate. Whereas data from meta-analyses of lipid lowering trials 
suggest that lipid modification alone accounts for the clinical benefits associated with statin 
therapy, recent studies have implied that statin-induced LDLc reduction may in fact be more 
beneficial compared to non-statin induced LDLc reduction.18-21 These pleiotropic effects have 
even been suggested to contribute to the neuroprotection.22  

However, in the present study we did not find any evidence to support pleiotropic effects in 
patients with SAH. This is in contrast to two other studies that investigated the effects of statins 
in this group of patients.2,23 In one study, lower levels of von Willebrand factor and of S100β, a 
marker of astrocyte activation and central nervous system activation, were observed in SAH 
patients treated with simvastatin.2 However, it is not known whether serum levels of these 
parameters already differed before initiation of study medication, and whether these differences 
disappeared after withdrawal of study medication. Another study reported that SAH patients 
treated with statins had increased D-dimer levels on day 6, but not on days 3, 9 and 12.23 

Although the present study was not powered to detect clinical differences, which precludes 
drawing conclusions, our secondary outcome results are also remarkable. A recent meta-

Table 2. Results of laboratory investigations. Serum levels of interleukins and TNF-α are not shown, because most levels 
were below the detection limit. Values are medians with interquartile ranges. Numbers 1 to 6 represent consecutive 
blood withdrawals at days 2, 4, 7, 10, 14 and 17 after SAH

Parameter Simvastatin Placebo

1 2 3 4 5 6 1 2 3 4 5 6

Total serum cholesterol (mmol/L) 4.2 (3.9-4.5) 3.5 (3.3-4.0) 2.9 (2.5-3.7) 3.0 (2.7-3.4) 3.8 (3.3-4.1) 4.1 (3.3-4.6) 4.4 (3.7-5.5) 4.7 (4.5-5.2) 4.4 (3.4-5.1) 4.1 (3.5-5.4) 4.3 (3.8-5.8) 4.8 (3.9-6.3)

HDL cholesterol (mmol/L) 1.4 (1.2-1.5) 1.2 (1.0-1.3) 0.9 (0.7-1.0) 0.8 (0.5-1.0) 0.9 (0.6-1.1) 0.7 (0.6-1.0) 1.1 (0.9-1.4) 1.2 (0.9-1.5) 0.9 (0.8-1.4) 0.9 (0.8-1.1) 1.0 (0.8-1.2) 1.3 (1.0-1.4)

LDL cholesterol (mmol/L) 2.4 (2.0-2.6) 2.1 (1.4-2.2) 1.8 (1.2-2.1) 1.8 (1.4-2.0) 2.2 (1.8-2.5) 2.4 (2.2-2.7) 2.8 (2.2-3.3) 3.0 (2.7-3.3) 2.9 (1.9-3.4) 2.4 (2.2-3.5) 2.9 (2.1-3.4) 2.5 (2.2-3.9)

Triglycerides (mmol/L) 1.1 (0.9-1.5) 1.1 (0.8-1.8) 1.1 (0.8-1.5) 1.2 (1.0-1.5) 1.5 (1.1-1.7) 2.0 (1.4-2.1) 1.1 (0.8-1.4) 1.1 (0.9-1.6) 1.4 (1.0-1.8) 1.4 (1.0-1.8) 1.2 (1.0-2.3) 1.3 (1.3-1.7)

tPA antigen (ng/mL) 6.9 (5.0-10.8) 6.7 (4.7-7.8) 10.1 (6.4-14.2) 10.4 (6.0-14.8) 12.7 (7.7-14.0) 9.2 (6.2-11.9) 5.5 (4.9-6.8) 5.5 (3.8-8.4) 7.5 (5.0-10.1) 9.1 (5.2-12.3) 8.4 (5.1-12.8) 6.1 (4.7-12.6)

tPA activity (IU/mL) 0.5 (0.2-0.8) 0.6 (0.5-0.8) 0.6 (0.4-1.1) 0.6 (0.5-0.7) 0.7 (0.3-1.1) 0.9 (0.5-1.0) 0.6 (0.3-0.9) 0.7 (0.5-1.0) 0.6 (0.4-1.0) 0.6 (0.4-1.0) 0.6 (0.5-1.2) 0.7 (0.4-1.3)

PAI-1 antigen (ng/mL) 69.5 

(27.3-132.8)

40.0 

(28.0-62.0)

60.0 

(45.5-78.5)

70.0 

(50.3-87.3)

61.0 

(43.5-97.5)

57.0 

(33.3-75.8)

33.0 

(24.0-74.3)

34.5 

(22.0-49.3)

44.0  

(33.0-72.0)

50.0 

(24.0-79.0)

56.0 

(33.5-73.5)

53.0 

(38.0-60.0)

PAI-1 activity (IU/mL) 5.1 (4.1-5.9) 4.2 (3.8-4.8) 5.5 (4.4-5.8) 4.9 (4.4-5.5) 4.5 (4.2-5.7) 4.5 (4.1-5.0) 4.4 (3.5-5.4) 4.4 (3.9-4.8) 4.6 (4.4-5.3) 4.8 (3.8-5.4) 4.7 (4.2-5.7) 4.8 (4.0-4.9)

Von Willebrand factor ag (%) 160.5 

(124.8-201.2)

197.0 

(146.0-219.0)

245.0 

(163.0-277.0)

175.5 

(147.8-265.5)

183.0 

(124.5-233.0)

158.0 

(99.3-248.3)

153.5 

(95.3-190.0)

165.5

 (115.5-211.5)

192.0 

(119.0-241.0)

214.0 

(118.0-274.0)

184.0 

(109.5-249.5)

171.0 

(143.0-256.0)

Soluble thrombomodulin (ng/mL) 35.0 

(24.9-49.3)

36.0 

(29.0-58.2)

37.7 

(29.9-62.2)

42.4 

(30.8-84.4)

33.4 

(26.1-47.4)

36.4 

(31.6-47.2)

22.0 

(19.2-27.1)

24.1 

(20.8-29.6)

20.5 

(18.5-33.3)

23.6 

(19.0-33.7)

24.2 

(17.7-28.8)

23.4 

(13.2-26.3)

D-dimer (mg/L) 1.0 (0.8-2.2) 1.2 (0.7-2.1) 1.4 (1.0-2.9) 1.6 (0.9-4.6) 1.6 (0.8-4.1) 1.5 (0.7-3.2) 1.3 (0.7-3.0) 0.7 (0.6-1.6) 0.9 (0.6-2.4) 0.8 (0.5-2.9) 0.8 (0.4-2.3) 0.9 (0.7-1.5)

Prothrombin factor F1 and F2 

(pmol/L)

234.0 (202.5-

357.8)

251.0 (174.0-

276.0)

303.0 (238.8-

390.5)

283.5 (243.0-

351.8)

267.5 (195.8-

341.0)

227.5 (181.3-

286.8)

248.5 

(164.8-319.0)

256.0 

(218.5-370.5)

265.0 

(236.0-313.0)

255.0 

(216.0-306.0)

230.0 

(165.5-381.0)

318.0 

(200.0-651.0)

C-reactive protein (mg/L) 64.4 

(14.6-108.2)

55.5 

(10.0-90.0)

48.5 

(15.2-96.5)

18.1 

(5.9-91.8)

19.9 

(4.7-28.7)

6.5 

(2.9-44.1)

18.8 (

10.4-42.6)

30.1 

(18.1-50.0)

35.0 

(6.5-50.9)

11.7 

(5.7-17.3)

5.9 

(2.6-8.9)

4.4 

(2.6-8.4)
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analysis showed that acute statin treatment reduces the incidence of vasospasm, DCI, and 
mortality in SAH patients.24 The results of this meta-analysis, which included three phase II 
studies with 39, 39 and 80 patients respectively and therefore had insufficient power to detect 
clinical differences, were mainly based on two studies.2,3 However, the results of these two 
studies should be interpreted with caution. For example, in one study there was an abnormal 
high rate of DCI in the placebo group (60%).2 In the group of patients treated with statins the 
incidence of clinical signs of DCI was 26%, which is comparable with data from prospective 
studies that included patients not treated with statins.25 Therefore, the placebo group did not 
have a representative incidence of DCI, which may reflect an imbalance in randomization. 
In the other study, many patients had DCI more than 14 days after SAH, which is unusual 
in SAH patients.3 This late occurrence was attributed to cessation of statin treatment after 
day 14. However, in that study only 60% of patients continued study medication until death 
or until day 14. It is therefore questionable whether this is a valid explanation for this late 
DCI phenomenon. Furthermore, in the pravastatin study there was an unusually high sepsis-
caused mortality rate in the placebo group compared to the statin group (71% versus 6%, 
respectively).4 

A limitation of the present study is that only systemic levels of biomarkers were assessed 
instead of local levels from the cerebral circulation. This might have resulted in dilution of 
locally increased levels, and an underestimation of a possible effect. Another limitation is 
that we only studied a number of serological parameters. Therefore, it can not be ruled out 
that statins affected other parameters, such as eNOS, oxidases, and dismutases. However, the 
parameters described in this manuscript are good representations of various pathways. 

Summary
We conclude that the results of the present study do not support a beneficial effect of 
simvastatin in patients with SAH. The primary endpoint analysis did not show evidence of 
acute pleiotropic effects exerted by simvastatin, which were previously suggested to be the 
working mechanism in this group of patients. The secondary endpoints did not show a trend 
toward lower incidences of vasospasm, DCI, and poor outcome. Therefore, neurocritical 
care units who recently changed the SAH treatment protocol to include statins as standard 
treatment should reconsider its routine use and await the results of phase III clinical trials 
which will definitely answer the question whether or not acute statin treatment is beneficial 
in patients with SAH. 
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