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IMPORTANCE Observational studies have reported that statin use may be associated with
improved outcomes of various infections. Ventilator-associated pneumonia (VAP) is the most
common infection in the intensive care unit (ICU) and is associated with substantial mortality.

OBJECTIVE To determine whether statin therapy can decrease day-28 mortality in patients
with VAP.

DESIGN, SETTING, AND PARTICIPANTS Randomized, placebo-controlled, double-blind, parallel-
group, multicenter trial performed in 26 intensive care units in France from January 2010 to
March 2013. For power to detect an 8% absolute reduction in the day-28 mortality rate, we
planned to enroll 1002 patients requiring invasive mechanical ventilation for more than 2 days
and having suspected VAP, defined as a modified Clinical Pulmonary Infection Score of 5 or
greater. The futility stopping rules were an absolute increase in day-28 mortality of at least 2.7%
with simvastatin compared with placebo after enrollment of the first 251 patients.

INTERVENTIONS Participants were randomized to receive simvastatin (60 mg) or placebo,
started on the same day as antibiotic therapy and given until ICU discharge, death, or day 28,
whichever occurred first.

MAIN OUTCOMES AND MEASURES Primary outcome was day-28 mortality. Day-14, ICU, and
hospital mortality rates were determined, as well as duration of mechanical ventilation and
Sequential Organ Failure Assessment (SOFA) scores on days 3, 7, and 14.

RESULTS The study was stopped for futility at the first scheduled interim analysis after
enrollment of 300 patients, of whom all but 7% in the simvastatin group and 11% in the
placebo group were naive to statin therapy at ICU admission. Day-28 mortality was not lower
in the simvastatin group (21.2% [95% CI, 15.4% to 28.6%) than in the placebo group (15.2%
[95% CI, 10.2% to 22.1%]; P = .10; hazard ratio, 1.45 [95% CI, 0.83 to 2.51]); the
between-group difference was 6.0% (95% CI, −3.0% to 14.9%). In statin-naive patients,
day-28 mortality was 21.5% (95% CI, 15.4% to 29.1%) with simvastatin and 13.8% (95% CI,
8.8% to 21.0%) with placebo (P = .054) (between-group difference, 7.7% [95%CI, −1.8% to
16.8%). There were no significant differences regarding day-14, ICU, or hospital mortality
rates; duration of mechanical ventilation; or changes in SOFA score.

CONCLUSIONS AND RELEVANCE In adults with suspected VAP, adjunctive simvastatin therapy
compared with placebo did not improve day-28 survival. These findings do not support the
use of statins with the goal of improving VAP outcomes.
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S tatins are widely used to lower cholesterol levels for
prevention of cardiovascular disease. Statins also exert
anti-inflammatory and immunomodulating effects,

have been reported to counteract the deleterious effects of
sepsis on coagulation,1,2 and may directly inhibit pathogenic
microorganisms.3,4 Many clinical studies have been per-
formed to evaluate whether these pleiotropic effects are
beneficial in infections, although most used an observa-
tional design. A meta-analysis identified 20 studies, includ-
ing only 1 randomized controlled trial, and found lower mor-
tality (including pneumonia-related mortality) with statin
use, defined as taking any statin for any reason.5 Another
meta-analysis suggested efficacy of statins for treating and
preventing infections,6 but a meta-analysis including only
randomized controlled trials found no evidence of preven-
tive efficacy.7

These data indicate a need for randomized controlled trials
in uniform patient populations, distinguishing de novo from
continued statin therapy. In the few such trials available, de novo
atorvastatin therapy decreased the rate of progression to se-

vere sepsis among ward
patients with sepsis8; sim-
vastatin decreased levels
of tumor necrosis factor α
and IL-6 in patients with
acute bacterial infection9;
continued atorvastatin
therapy improved sur-
vival in patients with
severe sepsis, although
de novo atorvastatin ther-

apy did not10; and de novo simvastatin therapy improved
nonpulmonary organ dysfunction without affecting survival in
patients with acute lung injury.11 Although these findings
seem promising, the toxicities and renal excretion of statins
in critically ill patients may differ from those in relatively healthy
individuals, and very high peak plasma statin levels have
been reported in critically ill patients.12 Thus, the risk-benefit
ratio of statin therapy in the intensive care unit (ICU) remains
unclear.

Ventilator-associated pneumonia (VAP) is diagnosed in ap-
proximately 8% to 28% of ICU patients receiving mechanical
ventilation13,14 and remains associated with increased mor-
tality rates and high health care costs.15 Thus, new adjunctive
treatments are needed to improve the outcomes of VAP.

The primary objective of this trial was to determine
whether adjunctive statin therapy decreased day-28 mortal-
ity among ICU patients with VAP.

Methods
Study Design
This 1:1 randomized, parallel-group, placebo-controlled,
double-blind trial was monitored by an independent data
and safety monitoring board (DSMB). A steering committee
designed and executed the study, analyzed the data, inter-
preted the findings, wrote the manuscript, and holds the

data. The study was conducted in accordance with the pro-
tocol and statistical analysis plan, which were approved for
all centers by the ethics committee of the Nice University
Hospital (Comité de Protection des Personnes Sud Méditer-
ranée V). According to French law, written informed consent
was obtained from the patients or their proxies either before
study inclusion or, for patients not competent to provide
consent and with no available proxies, at recovery of com-
petence.

The study was conducted in 26 French ICUs from Janu-
ary 2010 to March 2013. Consecutive adults who had
received mechanical ventilation in the ICU for at least 2 days
were eligible if they had suspected VAP defined as a modi-
fied Clinical Pulmonary Infection Score (CPIS)16 of at least 5
and if they underwent quantitative bacteriological cultures
of bronchoalveolar lavage (BAL) fluid, a protected telescopic
catheter (PTC), or an endotracheal aspirate. The modified
CPIS16 is based on body temperature, blood leukocyte
count, amount and appearance of tracheal secretions, ratio
of PaO2 to fraction of inspired oxygen, acute respiratory dis-
tress syndrome (ARDS), and infiltrates on chest radiography.
The total can range from 1 to 10 points. Patients were
included only for the first episode of suspected VAP. Nonin-
clusion criteria were statin therapy at intubation, previous
VAP episode during the same hospitalization, known preg-
nancy, immunodepression with bone marrow aplasia, immi-
nent death (Simplified Acute Physiology Score II of 75 or
greater, calculated over the last 6 hours), treatment-
limitation decisions, nothing-by-mouth order and no naso-
gastric tube, continuous gastric aspiration, known chronic
intestinal malabsorption, known simvastatin hypersensitiv-
ity, acute hepatic failure,17 use of CYP3A4 inhibitors or
cyclosporine, creatine kinase level greater than 5 times the
upper limit of normal, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels greater than 3 times
the upper limit of normal (as recommended by the Agence
Nationale de la Sécurité du Médicament from the French
Ministry of Health), and enrollment in another trial within
the previous 30 days.

Patients were randomly allocated to simvastatin (60 mg)
or placebo given via a nasogastric tube or orally from study in-
clusion to ICU discharge, death, or day 28, whichever oc-
curred first. Simvastatin or placebo was started on the same
day as antibiotic therapy for suspected VAP. The simvastatin
dosage was halved in patients with renal failure (creatinine
clearance <30 mL/min). Randomization was stratified by cen-
ter. A computer-generated random-number table was pre-
pared by statisticians to assign patients in blocks of 4 to re-
ceive either simvastatin or placebo. Block size was unknown
to the investigators, who enrolled the patients and then called
the statistics department to obtain the randomization and treat-
ment numbers after checking the inclusion and noninclusion
criteria. To ensure blinding, placebo tablets identical to the sim-
vastatin tablets were manufactured (same appearance, color,
and time to dilution in 30 mL of water). Simvastatin or pla-
cebo was administered via the nasogastric tube or orally. Pa-
tients, clinicians, evaluators, monitors, and data analysts were
blinded to the study treatment.

ALT Alanine aminotransferase

ARDS Acute respiratory distress
syndrome

AST Aspartate aminotransferase

CPIS Clinical Pulmonary Infection
Score

SOFA Sequential Organ Failure
Assessment

VAP Ventilator-associated
pneumonia
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Definitions and Antibiotic Therapy
Definite bacterial VAP was defined as a positive pleural fluid
culture or rapid cavitation of the lung infiltrate as deter-
mined by computed tomography, biopsy, or both, or an au-
topsy specimen showing histological evidence of pneumonia
(consolidation with large numbers of neutrophils in the bron-
chioles and adjacent alveoli in several adjacent low-power
fields, with or without tissue necrosis).18 Probable bacterial VAP
was defined as a modified CPIS of 5 or greater, combined with
BAL cultures with greater than 104 colony-forming units
(CFU)/mL for at least 1 organism, PTC cultures with greater than
103 CFU/mL for at least 1 organism, or endotracheal aspirate
culture with greater than 105 CFU/mL for at least 1 organism.
Possible VAP was defined as absence of the above-listed cri-
teria with a modified CPIS of 5 or greater. Adequate empirical
therapy, ARDS, and septic shock are defined in the eMethods
in the Supplement; the eMethods also describe the use of an-
tibiotics.

Data Collection
We recorded demographic data, physiological variables, Sim-
plified Acute Physiology Score II at admission and radiologic
score,19 antibiotics used, and relevant diagnostic and thera-
peutic interventions in the ICU. The Sequential Organ Failure
Assessment (SOFA) score20 and CPIS16 were calculated on the
day of enrollment (day 1) and then on days 3, 7, and 14. Pa-
tients were monitored daily for evidence of infection. The du-
ration of mechanical ventilation, length of ICU stay, and length
of hospital stay were recorded. The occurrence of myocardial
ischemia or infarction was assessed until day 28. Serum lev-
els of creatine kinase, ALT, and AST were measured on days 1,
3, 7, 14, and 21.

Study Outcomes
The primary outcome was the day-28 mortality rate. Second-
ary outcomes were day-14, day-90 (exploratory), and ICU mor-
tality rates; number of days outside the ICU between day 1 and
day 28; mortality rates in the subgroups with definite and prob-
able VAP; and number of ventilator-free days (after success-
ful weaning) between day 1 and both day 28 and day 90 (ex-
ploratory). Successful weaning was defined as spontaneous
breathing for at least 48 hours after disconnection of the ven-
tilator. Other secondary outcomes were the SOFA score on days
3, 7, and 14, the occurrence of subsequent VAP episodes, bac-
teremia/fungemia, urinary tract infections (exploratory), and
catheter-related infections (exploratory) from inclusion to day
28. All these outcomes were prespecified in the protocol ex-
cept day-90 mortality, day-90 ventilator-free days, and inci-
dences of urinary tract and catheter-related infections from
inclusion to day 28, which were exploratory but nevertheless
diagnosed and recorded prospectively. The main safety end
points were the number of adverse events and the propor-
tions of patients with alterations in creatine kinase levels, lev-
els of ALT and AST, or both.

Statistical Analysis
The DSMB requested a change in the statistical methodology
initially chosen for analyzing the primary outcome. The DSMB

further suggested that obtaining valid support for our hypoth-
esis that simvastatin was superior over the placebo for the main
objective required the use of an appropriate statistical meth-
odology with a unilateral hypothesis and asymmetric bound-
aries. This change was made, and the final statistical plan was
then approved by the ethics committee in May 2012. Two in-
terim analyses were planned. Data management and analysis
were each conducted in blinded fashion by 2 separate biosta-
tistician teams.

Assuming a 28-day mortality rate of 30%, we needed
1002 patients (501 in each group) to obtain 80% power for
detecting an 8% absolute reduction in the day-28 mortality
rate (26.7% relative reduction) with a 1-sided α risk of .025
(SAS version 9.2 [SAS Institute Inc]).18,21 The study was
monitored using group sequential testing; the stopping
rules were efficacy (significant survival improvement with
simvastatin) and futility (low probability of demonstrating
such an improvement) according to O’Brien-Fleming–type
asymmetric boundaries. Interim analyses of the primary
outcome (day-28 mortality) were to be performed after
enrollment of 251 and 502 patients. Asymmetric stopping
boundaries were designed using α and β spending boundar-
ies as described by Lan and DeMets.22 The efficacy stopping
rules were an absolute decrease in day-28 mortality of at
least 21.3% with simvastatin compared with placebo after
enrollment of 251 patients and an absolute decrease at least
10.6% after enrollment of 502 patients; for the final analysis,
an absolute decrease of at least 5.3% established efficacy.
The futility stopping rules were an absolute increase in
day-28 mortality of at least 2.7% with simvastatin compared
with placebo after enrollment of 251 patients and an abso-
lute decrease in day-28 mortality no greater than 2.6% with
simvastatin compared with placebo after enrollment of 502
patients. The independent DSMB conducted the first
interim analysis in December 2012 based on data from the
first 251 patients.

Continuous variables are reported as mean (SD) or me-
dian (interquartile range) and categorical variables as num-
ber (%). Between-group differences were assessed using t test,
Wilcoxon test, χ2 test, or Fisher exact test, as appropriate. A
Cox multivariate proportional hazards model was built using
5 predefined covariates: simvastatin use, baseline SOFA score,
age, sex, and presence of a fatal underlying disease at hospi-
tal admission. We also planned to include all variables show-
ing an imbalance between the 2 groups at baseline; the only
such variable was antibiotic use within 3 days before inclu-
sion. A Kaplan-Meier curve was plotted for time to death un-
til day 28.

All analyses were performed using SAS version 9.2 (SAS In-
stitute Inc) on an intention-to-treat basis. No patients were lost
to follow-up for the main outcome or any of the outcomes re-
lated to mortality, duration of mechanical ventilation, stay
lengths, or new infections. Variables with missing values (for
determination of the SOFA score and for enzyme levels, both
after day 3) were handled by confining the analyses to those
patients with available data. P ≤ .05 (2-sided) was considered
significant, except for the primary outcome, for which P ≤ .025
(1-sided) was considered significant.
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Results

Patients and VAP Features
The trial was stopped for futility at the first scheduled in-
terim analysis, based on results reported by the DSMB after
breaking the randomization code.

Between January 2010 and December 2012, we screened
1303 patients for eligibility; of these, 300 were enrolled
(Figure 1). All patients received at least 1 dose of statin or pla-
cebo. Consent was denied by 6 patients and withdrawn by 10;
these patients were not included in the analysis. The only clini-
cally significant baseline difference between groups was a
higher proportion of patients receiving antibiotics in the sim-
vastatin group (Table 1). Only 11 patients (7%) in the simvasta-
tin group and 15 patients (11%) in the placebo group had re-
ceived statins in the past month; statins were stopped at ICU
admission (P = .33). VAP risk factors and preventive mea-
sures are listed in eTable 1 in the Supplement. In all patients,
simvastatin or placebo was started within 24 hours after the
first dose of antibiotics prescribed for VAP.

No patients had definite bacterial VAP. Probable VAP was
diagnosed in 106 patients (73%) in the simvastatin group and
105 (76%) in the placebo group (P = .50) (eTable 2 in the Supple-
ment). The diagnosis was based mainly on cultures of BAL fluid
and PTCs, which recovered the organisms listed in eTable 3 in
the Supplement. There were no between-group differences in
the rates of multidrug-resistant or high-risk organisms. Ad-

equacy of empirical treatment did not differ significantly be-
tween the 2 groups (86% for the simvastatin group and 77%
for the placebo group).

Primary End Point
Day-28 mortality was not significantly decreased by simva-
statin therapy (21.2% [95% CI, 15.4% to 28.6%] vs 15.2% [95%
CI, 10.2% to 22.1%]; P = .10; hazard ratio, 1.45 [95% CI, 0.83-
2.51]) (Figure 2). The between-group difference in day-28 mor-
tality was 6.0% (95% CI, −3.0% to 14.9%). Restricting the analy-
sis to patients with probable VAP did not change the results:
day-28 mortality was 22.6% (95% CI, 15.7% to 31.5%) with sim-
vastatin vs 14.3% (95% CI, 8.9% to 22.2%) with placebo (P = .06;
between-group difference, 8.3% [95% CI, −2.2% to 18.7%]). In
the subgroup naive to statins at admission, day-28 mortality
was 21.5% (95% CI, 15.4% to 29.1%) with simvastatin and 13.8%
(95% CI, 8.8% to 21.0%) with placebo (P = .054; between-
group difference, 7.7% [95% CI, −1.8% to 16.8%]). After adjust-
ment, simvastatin was not significantly associated with day-28
mortality. Age, fatal underlying disease, and SOFA score were
associated with day-28 mortality, but sex and baseline antibi-
otic therapy were not.

Secondary Outcomes
There were no significant between-group differences for
day-14, ICU, or hospital mortality rates; mechanical ventila-
tion duration; number of ventilator-free days by day 28;
coronary events; or ARDS within 28 days after enrollment

Figure 1. Flow Diagram

1303 Patients assessed for eligibility

1003 Excluded
150 Elevated ALT, AST, or CK level
149 Statins given after intubation
118 Previous VAP episode
110 Enrolled in another trial within 30 d
79 Decision for treatment limitation
77 Treatment contraindicating statins
55 Terminal illness
50 Liver failure
41 ICU too busy

30 Organizational failure
29 Bone marrow aplasia
29 Continuous gastric tube aspiration
21 No gastric tube
8 Younger than 18 y
2 Pregnant

25 Other

30 Next of kin declined to provide
consent

300 Randomized

146 Included in analysis
7 Excluded
4 Withdrew consent
3 Denied consent

138 Included in analysis
9 Excluded
6 Withdrew consent
3 Denied consent

153 Randomized to receive simvastatin
153 Received simvastatin as randomized

147 Randomized to receive placebo
147 Received placebo as randomized

ALT indicates alanine
aminotransferase; AST, aspartate
aminotransferase; CK, creatine
kinase; ICU, intensive care unit; VAP,
ventilator-associated pneumonia.

Statin Therapy and Mortality in Patients With VAP Original Investigation Research

jama.com JAMA October 23/30, 2013 Volume 310, Number 16 1695

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Table 1. Baseline Patient Characteristics

Characteristic

No. (%)
Overall

(N = 284)
Simvastatin
(n = 146)

Placebo
(n = 138)

Age, mean (SD), y 59 (17) 60 (16) 59 (17)

Women 71 (25) 39 (27) 32 (23)

Body mass index, mean (SD)a 26 (7) 26 (7) 26 (6)

McCabe score, no fatal diseaseb 226 (80) 118 (81) 108 (78)

SAPS II at admission, mean (SD)c 47 (15) 46 (14) 47 (16)

Primary admission diagnosis

Extrapulmonary sepsis 24 (8) 11 (8) 13 (9)

Respiratory disease 105 (37) 51 (35) 54 (39)

Neurologic failure 67 (24) 36 (25) 31 (23)

Cardiovascular disease 31 (11) 16 (11) 15 (11)

Trauma 57 (20) 32 (22) 25 (18)

Immunosuppression

None 257 (91) 131 (90) 126 (91)

Chemotherapy in the past y 11 (4) 7 (5) 4 (3)

Corticosteroids 4 (1) 3 (2) 1 (1)

HIV 2 (1) 0 2 (1)

Other 10 (4) 5 (3) 5 (4)

SOFA score on day 1, mean (SD)d 7.0 (3.3) 7.2 (3.6) 6.7 (2.9)

CPIS at baseline, mean (SD)e 7.0 (1.4) 6.9 (1.4) 7.0 (1.4)

PaO2:FIO2 ratio on day 1, median (IQR) 189 (140-240) 193 (135-236) 186 (140-241)

Body temperature on day 1,
median (IQR), °C

38.1 (37.2-38.6) 38.0 (37.2-38.6) 38.1 (37.3-38.7)

Leukocyte count on day 1,
median (IQR), G/L

12.6 (9.2-17.4) 12.3 (8.5-18.0) 13.0 (10.0-17.0)

Vasopressor use on day 1 110 (39) 59 (40) 51 (37)

Radiologic score on day 1, median (IQR)f 5.0 (3.0-7.0) 5.0 (3.0-7.0) 5.0 (3.0-7.0)

No. of ICU days before enrollment,
median (IQR)

9 (6-14) 8 (6-13) 10 (6-15)

No. of mechanical ventilation days
before enrollment, median (IQR)

8 (6-13) 8 (5-12) 9 (6-15)

Use of antibiotics within 3 d before
randomization

None 103 (36) 44 (30) 59 (43)

3 d or more 90 (32) 46 (32) 45 (33)

Initiated ≤2 d 91 (32) 56 (38) 34 (25)

Abbreviations: ARDS, acute
respiratory distress syndrome; CPIS,
Clinical Pulmonary Infection Score;
FIO2, fraction of inspired oxygen; HIV,
human immunodeficiency virus; ICU,
intensive care unit; IQR, interquartile
range; SAPS II, Simplified Acute
Physiology Score II; SOFA, Sequential
Organ Failure Assessment.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Three categories (nonfatal, fatal
within 5 years, fatal within 6
months).

c Range, 0-163, calculated from 12
physiological measurements during
a 24-hour period, information about
previous health status, and
information obtained at admission.

d Range, 0-24.
e Range, 0-10.
f Range, 0-12.

Figure 2. Proportions of Nonsurvivors in the Simvastatin and Placebo Groups
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(Table 2). Neither did the groups differ regarding the course
of organ dysfunctions (total SOFA score, SOFA subscores,
and CPIS) or the development of kidney dysfunction (eTable
4 in the Supplement). At least 1 new nosocomial infection
occurred after enrollment in 46 patients (31% [95% CI, 25%
to 39%]) in the simvastatin group and 52 (38% [95% CI, 30%
to 46%]) in the placebo group (between-group difference,
7% [95% CI, 5% to 17%]; P = .27) (eTable 5 in the Supple-
ment). The mean number of antibiotic-free days was 12.5
(SD, 8.4) days in the simvastatin group and 12.5 (SD, 8.0)
days in the placebo group (P = .99).

Tolerance of the Study Drug
Simvastatin (60 mg/d) was well tolerated, with no increases
in rates of elevated creatine kinase, ALT, or AST levels (Table 3).
There were no between-group differences in creatinine lev-
els at days 3, 7, 14, or 21 (Table 3). No unexpected serious ad-
verse reactions occurred during the study. The study treat-
ment was interrupted for at least 24 hours because of an
adverse event in 55 patients (19%) (31 [21%] in the simvastatin
group and 24 [17%] in the placebo group).

Discussion

The use of simvastatin (60 mg) for the adjunctive treatment
of VAP was not associated with a reduction in day-28
mortality in this trial. None of the secondary outcomes were
significantly improved by simvastatin. Nonetheless, it
should be emphasized that, although our study was not
designed to test whether a placebo was superior to simva-
statin, there was a nearly 6% absolute increase in day-28
mortality in the simvastatin group overall and a nearly 8%
absolute increase in the statin-naive subgroup. Because
de novo statin therapy does not constitute standard practice
in ICU patients with infection, designing a study to test
hypothetical superiority of a placebo over a statin would not
have been relevant. We therefore tested the hypothesis
that simvastatin was superior to a placebo. Our results do
not support the use of adjunctive statin therapy in ICU
patients with VAP, and this conclusion probably deserves to
be extended to ICU patients with any type of nosocomial
infection.

Table 3. Safety Profile in the Treatment Groups

Enzyme
Level

No. (%)

Day 1 Day 3 Day 7 Day 14 Day 21

Simvastatin Placebo Simvastatin Placebo Simvastatin Placebo Simvastatin Placebo Simvastatin Placebo
CK >5× ULN 3 (2) 3 (2) 2 (1) 5 (4) 1 (1) 1 (1) 0 1 (1) 1 (2) 0

ALT >3×
ULN

2 (1) 4 (3) 8 (6) 10 (7) 7 (6) 13 (11) 11 (14) 6 (8) 3 (5) 2 (3)

AST >3×
ULN

3 (2) 2 (1) 11 (8) 6 (4) 11 (10) 10 (8) 6 (8) 3 (4) 3 (5) 2 (3)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatinine kinase; ULN, upper limit of normal.

Table 2. Main Outcomes

Outcome

No. (%) [95% CI]
Between-Group

Difference, % (95% CI) P Value
Simvastatin
(n = 146)

Placebo
(n = 138)

Mortality

Day 28 (primary outcome) 31 (21) [15 to 29] 21 (15) [10 to 22] 6 (−3 to 15) .10

Day 14 22 (15) [10 to 22] 16 (12) [7 to 18] 3 (−5 to 11) .39

ICU 38 (26) [20 to 34] 30 (22) [16 to 29] 4 (−5 to 14) .40

Hospital 43 (30) [23 to 37] 38 (28) [21 to 36] 2 (−8 to 12) .72

No. of ventilator-free days, median (IQR)

Day 1 to day 28 10 (0 to 21) 8 (0 to 20) .85

Day 1 to day 90 70 (0 to 82) 69 (32 to 81) .71

No. of days outside ICU from day 1 to day 28, median (IQR) 3 (0 to 16) 0 (0 to 14) .35

ARDS 17 (12) [7 to 18] 12 (9) [5 to 15] 3 (−4 to 10) .41

Myocardial infarction 2 (1) [0 to 5] 1 (1) [0 to 4] 0 (−3 to 4) .60

Myocardial ischemia 1 (1) [0 to 4] 1 (1) [0 to 4] 0 (−3 to 3) .97

Time from randomization among patients alive at hospital discharge,
median (IQR), d

To discontinuation of mechanical ventilation 12 (7 to 24) 14 (7 to 29) .40

To ICU discharge 18 (10 to 31) 18 (12 to 33) .29

To hospital discharge 37 (21 to 59) 35 (22 to 62) .63

Abbreviations: ARDS, acute respiratory distress syndrome; ICU, intensive care unit; IQR, interquartile range.
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A large body of experimental data supports the use of stat-
ins in sepsis,4,23-25 and many clinical cohort studies suggest a
role for adjunctive statin therapy in severe infections.26-30 Stud-
ies conducted among patients with community-acquired pneu-
monia have produced conflicting results.31-38 All of these stud-
ies used an observational design and evaluated the effects of
statins prescribed for lowering lipid levels.

Three randomized controlled trials8,10,39 evaluated stat-
ins in infections, but only 1 was conducted in ICU patients and
its primary outcome was the plasma IL-6 level, which was not
significantly affected by statin therapy.39 To our knowledge,
ours is the first randomized, placebo-controlled, double-
blind trial evaluating adjunctive statin therapy in a specific in-
fection. In a 2-center, randomized, open-label trial, pravasta-
tin (40 mg/d) was compared with a placebo in patients receiving
mechanical ventilation and having ICU stays longer than 48
hours.40 Six patients (8.45%) in the pravastatin group and 16
(19.85%) in the control group died during the 30-day treat-
ment period (P = .06).40 The conflicting results reported to date
may be related in part to differences in the proportions of pa-
tients taking statins at baseline, because statin discontinua-
tion in the placebo group might explain the improved out-
comes seen with statin therapy in some studies. Our choice of
simvastatin, the statin on the market the longest, as the study
drug may explain the results. We chose simvastatin because
of its well-established immunomodulatory properties.41 Also,
in a mouse model of acute Chlamydia pneumoniae infection,
simvastatin decreased viable C pneumoniae counts and in-
creased inflammatory cell infiltrates in lung tissue, suggest-
ing not only immunomodulatory properties but also poten-
tial antimicrobial effects.42 The dose used in the present study
may have been lower than required. However, in a study of
healthy volunteers, plasma levels of inflammatory mediators
were not significantly different between 40-mg and 80-mg sim-
vastatin doses; consequently, using a higher simvastatin dose
would probably not have changed our results.41

Study Limitations
Strengths of our study include the multicenter design, which
supports the external validity of our findings. Furthermore,
VAP was diagnosed based on criteria used in many previous
studies18 requiring bacteriological confirmation by quantita-
tive cultures.

However, our study has several limitations. Because of
the early trial termination recommended by the DSMB based
on the interim analysis, we cannot completely rule out mar-
ginal benefits from simvastatin therapy in ICU patients with
infection, given the CI for the between-group difference.

However, it would have been ethically unacceptable to con-
tinue the trial after the interim analysis, which showed
higher day-28 mortality in the simvastatin group, even
though the increase was not statistically significant. The
focus on VAP resulted in a uniform patient population,
although it also limited the relevance of our findings to other
infections. Statins are available only as oral preparations, and
the pharmacokinetic profile of statins in ICU patients with
sepsis, gastrointestinal intolerance, or both is unclear. How-
ever, all statins are absorbed rapidly after administration,
with a time to peak plasma concentration of 4 hours.43,44

Very high plasma atorvastatin concentrations were docu-
mented in ICU patients with sepsis after a single oral dose of
20 mg.12 A study of the pharmacokinetics of simvastatin (60
mg) in ICU patients is in progress. In addition, our results
may have limited relevance to non–ICU-acquired infections.
Our patients received simvastatin (or placebo) after several
days in the ICU and had at least 1 organ dysfunction. In con-
trast, many of the earlier studies focused on statin therapy to
prevent severe sepsis or to reduce mortality after sepsis
related to community-acquired infections.

Tolerance of the Treatment
We assessed levels of creatine kinase, ALT, and AST to evalu-
ate the tolerance of simvastatin (60 mg/d) in ICU patients. No
serious adverse events occurred, and the rates of elevated cre-
atine kinase, ALT, and AST levels were comparable in the 2
groups. Similarly, in a randomized placebo-controlled trial of
simvastatin (80 mg/d) in patients with acute lung injury, the
rates of elevated creatine kinase, ALT, and AST levels were not
significantly different between the 2 groups.11 Although sim-
vastatin has been reported to improve sepsis-induced acute
kidney injury via direct effects on the renal vasculature, re-
versal of tubular hypoxia, and a systemic anti-inflammatory
effect,45 in our trial renal function was not better in the sim-
vastatin group compared with placebo. The rates of adverse
events requiring treatment discontinuation showed no sig-
nificant differences between the 2 groups, in keeping with ear-
lier data.11 High simvastatin doses did not appear to increase
the risk of adverse effects in this population.

Conclusions
In adults with suspected VAP, adjunctive simvastatin therapy
compared with placebo did not improve day-28 survival. These
findings do not support the use of statins with the goal of im-
proving VAP outcomes.
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