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ABSTRACT

Background: Chronic statin therapy is associated with re-
duced postoperative mortality. Renal and cardiovascular
benefits have been described, but the effect of chronic statin
therapy on postoperative adverse events has not yet been
explored.

Methods: In this observational study involving 1,674 pa-
tients undergoing aortic reconstruction, we prospectively as-
sessed chronic statin therapy compared with no statin ther-
apy, with regard to serious outcomes, by propensity score and
multivariable methods.

Results: In propensity-adjusted multivariable logistic regres-
sion (c-index: 0.83), statins were associated with an almost
threefold reduction in the risk of death in patients undergoing
major vascular surgery (odds ratio: 0.40; 95% CI: 0.28-0.59)
and an almost twofold reduction in the risk of postoperative
myocardial infarction (odds ratio: 0.52; 95% CI: 0.38—0.71).
Likewise, the use of chronic statin therapy was associated with a
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What We Already Know about This Topic

« Chronic statin therapy is associated with reduced mortality
after surgery, but its effect on morbidity has not been detailed

What This Article Tells Us That Is New

* Inaprospective study of more than 1,600 patients undergoing
aortic reconstruction, propensity analysis revealed a protec-
tive effect of chronic statin therapy against death, myocardial
infarction, stroke, and renal failure

* Mortality was also reduced with chronic statin therapy in pa-
tients who developed multiple organ dysfunction and surgical
complications

reduced risk of postoperative stroke and renal failure. Statins did
not significandy reduce the risk of pneumonia, multiple organ
dysfunction syndrome, and surgical complications; however, in
the case of postoperative multiple organ dysfunction syndrome
(odds ratio: 0.34; 95% CI: 0.12—0.94) and surgical complica-
tions (odds ratio: 0.39; 95% CI: 0.17-0.86), reduced mortality
was observed.

Conclusions: Chronic statin therapy was associated with a
reduction in all cardiac and vascular outcomes after major vas-
cular surgery. Furthermore, in major adverse events, such as
multiple organ dysfunction syndrome and surgical complica-
tions, statins were also associated with decreased mortality.

HE cardioprotective effects of statins in the nonsurgical

setting are well demonstrated,? including in normo-
cholesterolemic patients.” During the postoperative period,
chronic preoperative statin therapy is highly suspected to be
cardioprotective because a reduced occurrence of postopera-
tive cardiac complications is observed in patients treated
chronically with statins.*~® However, the effect on global

<& This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.
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mortality appears to be more substantial than would be ex-
pected from cardiac effects alone.

Recent reports suggest that intraoperative events could
have a major effect on postoperative complications, includ-
ing cardiac complications.” In vascular surgery, these intra-
operative events are characterized by excessive bleeding asso-
ciated with technical surgical difficulties,'” which may
induce major postoperative complications, such as multiple
organ dysfunction syndrome (MODS). Preoperative chronic
treatments do not tend to prevent technical surgical difficul-
ties. Nevertheless, some reports suggest that chronic statin
therapy could limit their consequences.'' '

To further explore the effects of statins during the post-
operative period of major vascular surgery, we studied the
effect of preoperative chronic statin therapy on postoperative
morbidity and mortality. We hypothesized that the benefi-
cial effects of statins might reduce mortality, particularly dur-
ing major adverse postoperative events.

Materials and Methods

Patient Characteristics

The Pitié-Salpétriere Vascular Surgical Register is a compre-
hensive database, recorded prospectively, which contains
clinical and surgical characteristics of all patients undergoing
vascular surgery at our institution since 1984.'*'* A system-
atic audit by one of the authors (Bertrand) allowed verifica-
tion of the accuracy in data coding. For this study, we in-
cluded all patients who underwent infrarenal aortic
reconstructive surgery (aneurysm or occlusive disease of the
aorta), from January 2001 to December 2009. More than
190 variables were recorded for each patient. The Revised
Cardiac Risk Index was also recorded.'® Patients with post-
operative statin withdrawal were excluded because this has
been demonstrated to be associated with a high risk of cardiac
complications.'* Withdrawal was defined as no statin ad-
ministered during the first 4 postoperative days in patients
treated chronically with statins, as described previously.'*
Patients undergoing emergency surgery were also excluded.
The study was approved by our institutional ethics commit-
tee (Comité Consultatif de Protection des Personnes Pitié-
Salpétriere, Paris, France).

Perioperative Management

All patients were screened in accordance with the recommen-
dations of the American College of Cardiology/American
Heart Association Task Force.'®!” In patients with poor or
nonevaluable functional capacity, unstable coronary artery
disease, or with a positive noninvasive myocardial stress test,
coronary angiography was performed. A percutaneous coro-
nary procedure was performed at the same time as catheter-
ization if technically feasible; if not, a coronary artery bypass
graft was considered. Patients undergoing percutaneous cor-
onary procedures received one or more bare-metal stents and
were treated with clopidogrel for 4—6 weeks and aspirin
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indefinitely. Aortic surgery was performed after a 4- to
6-week delay and after discontinuing aspirin for 1 week.
Surgery was performed during general anesthesia, with intra-
venous propofol, sufentanil, and atracurium, as described
previously.' %14

Blood was obtained for measurement of cardiac troponin
I from all patients on arrival at the postanesthesia care unit,
and on the first, second, and third postoperative days. This
measurement was performed using an immunoenzymoflu-
orometric assay on a Stratus autoanalyzer (Dade-Behring,
Paris La Défense, France). An electrocardiogram was per-
formed on arrival at the postanesthesia care unit, and on the
first, second, and third postoperative days, and after the third
day in the presence of clinical abnormalities or if there were
increased cardiac troponin I values.

Perioperative Management of Ghronic Statin Treatment
Because preoperative statin administration was not con-
trolled in this study, the exact time between statin introduc-
tion and surgery was not known. Nevertheless, each patient
was evaluated by an anesthesiologist at least 10 days before
surgery, and the chronic statin therapy was determined at
this time. In this way, patients classified as receiving chronic
statin therapy were treated preoperatively for at least 10 days.
During the postoperative period, statins were reintroduced
on the evening of surgery via a nasogastric tube. During the
study period, some patients were exposed to a statin postop-
erative rebound,' because the method used was unable to
control for this differential effect; these patients were ex-
cluded from the analysis, as stated above.

Endpoint Definition

Death was defined as death from any cause occurring during
hospitalization or within 30 days after surgery. After hospital
discharge, all patients were evaluated between postoperative
day 30 and 45. If a patient did not present, an inquest was
conducted to determine his status.

In addition, three cardiac-related endpoints were defined:
(1) Postoperative myocardial necrosis was defined as an ab-
normal cardiac troponin I value at any time during the post-
operative period (the cutoff values used during the study
period to define normality were 0.2 and 0.15 ng/ml—these
values correspond to the 99th percentile for our laboratory
during each study period'®); (2) postoperative myocardial
infarction was defined according to the universal definition
of myocardial infarction'?; and (3) cardiac death was defined
using an expert committee. All observed deaths were classi-
fied by two experts as definite cardiac cause of death, proba-
ble cardiac implication, and extracardiac cause of death. Each
patient’s records were analyzed independently by the two
experts, and the conclusions of the first expert were not
known by the second; if there was discordance between the
two experts, a third expert was required.

Two noncardiac but vascular endpoints were defined: (1)
Postoperative renal failure was defined as an increase of 30%
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in the postoperative plasma creatinine concentration or the
requirement for postoperative hemodialysis in patients who
did not require it preoperatively; and (2) postoperative stroke
was defined by the occurrence of postoperative clinical neu-
rologic deficit confirmed or not by cerebral imaging.

Finally, three nonvascular endpoints were defined: (1)
Postoperative pneumonia was defined as a body temperature
more than 38°C, infiltrate on chest x-ray, leukocytosis (more
than 12,000 cells/mm ?), microorganism isolated in bron-
chial secretions using protected minibronchoalveolar lavage,
and a threshold of 10° colony-forming units/ml, as described
previously.”® If pathogenic bacteria were not isolated, all
other criteria were necessary for the diagnosis of pneumonia;
in the opposite case, only two criteria were required. (2)
MODS was defined as the presence of two or more altered
organ functions requiring intervention. (3) A surgical com-
plication was defined as a reintervention (any type) within
12 h after the initial surgery or the need for a transfusion of
more than 4 units of packed erythrocytes.

Statistical Analysis

Data are expressed as mean = SD and median (95% CI) for
variables that are not normally distributed (normality was
assessed with the D’Agostino-Pearson omnibus test) or num-
ber (percentage). Comparisons of means were performed us-
ing the Student # test. Comparisons of proportions were per-
formed using the Fisher exact method.

The effect of preoperative chronic statin therapy was as-
sessed with the use of a propensity score adjustment. We
constructed a stepwise logistic-regression model to derive a
propensity score for chronic statin therapy that included all
patient and hospital characteristics as well as interaction
terms. Variables were included into the model if its global
discrimination was improved. Each patient was assigned a
propensity score that reflected the probability that they
would receive chronic statin therapy. The discriminate
power of each model was quantified by measurement of the
receiver operating characteristic area (c-index), which is the
usual global measure of the performance of a prognostic test
and represents the probability of assigning a greater risk of
presenting with the outcome of interest to a randomly se-
lected patient who died compared with a randomly selected
patient who survived.?""** Calibration of the models was
assessed by Hosmer-Lemeshow statistics. In addition, an in-
ternal validation of the models was conducted using 10-fold
cross-validation methods. The patients were randomly as-
signed to 10 equally sized partitions. Subsequently, nine par-
titions were used as a learning set and one as a testing set. This
operation was repeated 10 times until each partition was used
as testing set. This resampling method provided an evalua-
tion of the validity of the models, without the need of an
external validation cohort. This approach should be consid-
ered as better because the split sample method performs

** http://www.r-project.org/; R version 2.11.1. Accessed Decem-
ber 8, 2010.
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poorly as a result of a large reduction of the derivative set.”?
Propensity score was then used as an adjustment variable in a
logistical model to evaluate the effect of the treatment with
regard to most of the covariates. This method allowed us to
provide robust unbiased results.

All Pvalues are two-tailed, and P values less than 0.05 were
considered to denote significant differences. Statistical analysis
was performed with R software** and specific packages.”>**

Results

Between January 2001 and December 2009, 1,676 patients
were scheduled for abdominal aortic reconstruction. Eighty-
nine (5.3%) patients were exposed to a rebound effect (postop-
erative statin withdrawal), and two patients (less than 0.1%) had
incomplete records. Thus, 1,674 patients were retained for the
analysis, 880 of whom (52.6%; 95% CI: 50.1-55.0%) were
treated preoperatively with statins. The frequency of treatment
according to the year of surgery increased significantly with
time. Among these patients, 364 (41.3%) were treated with
atorvastatin, 30 (3.4%) with fluvastatin, 240 (27.3%) with
pravastatin, 95 (12.5%) with rosuvastatin, and 136 (15.3%)
with simvastatin; 53 patients (6.0%; 95% CI: 4.6—7.8%) were
treated with high doses of statins (80 mg atorvastatin or 20 mg
rosuvastatin). The univariate association between chronic statin
therapy and the main characteristics of the patients are depicted
in table 1. Several imbalances were observed between the treat-
ment and control groups, suggesting that chronic statin therapy
is used in association with other cardiovascular medications (an-
giotensin-converting enzyme inhibitors, B-blockers, nitrates,
calcium-channel blockers, and diuretics) in cardiac patients (his-
tory of coronary artery disease or heart failure) and demonstrat-
ing the need for adjustment to produce unbiased conclusions
about the association between chronic statin therapy and post-
operative outcome.

After propensity score adjustment (c-index: 0.83), no sig-
nificant imbalance was observed in the patient characteristics
(table 1). The values of the propensity score in patients
treated (median, 0.44; range, 0.04—0.91) with statins over-
lapped those of untreated patients (median, 0.14; range,
0.02—0.83). After cross-validation, no more than 7% differ-
ence was retrieved between training and testing sets. Table 2
depicts the association of chronic statin therapy with the
predefined endpoints. After adjustment with the propensity
score (table 2), chronic statin therapy was associated with
reduced global and cardiac mortality. Furthermore, the fre-
quencies of myocardial infarction and myocardial necrosis
were significantly reduced. The three main cardiac endpoints
were therefore reduced significantly and thoroughly in pa-
tients with chronic statin therapy. Moreover, the effect of
chronic statin therapy, according to the Revised Cardiac Risk
Index, is depicted in figure 1. Significant interactions were
retrieved between statin effect and the Revised Cardiac Risk
Index for mortality (P < 0.001), myocardial infarction (P =
0.01), and myocardial necrosis (P = 0.04). This result con-
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Table 1. Patient Characteristics
Preoperative
No Preoperative Statin Propensity Score
Statin Therapy, Therapy, Relative Risk, Adjusted Relative
Variables n =793 n = 881 [95% CI] P Value Risk, [95% CI] P Value
Demographic
characteristics
Age, yr 67 = 11 67 = 11 0.99[0.98-1.01]* 0.29 0.99 [0.98-1.01]* 0.93
Men 702 (88) 769 (87) 0.91[0.67-1.23] 0.55 1.00 [0.70-1.42] 0.99
Medical history
Myocardial infarction 83 (10) 217 (25) 2.8[2.1-3.7] 0.001  0.99[0.72-1.39] 0.98
Coronary 87 (11) 291 (33) 3.9[2.9-5.1] 0.001  0.99[0.70-1.41] 0.97
revascularization
Coronary artery 174 (22) 423 (48) 3.3[2.6-4.1] 0.001  1.00[0.76-1.31] 0.99
disease
Heart failure 41 (5) 64 (7) 1.4 [0.94-2.2] 0.09 1.01 [0.61-1.63] 0.96
Hypertension 427 (54) 610 (70) 1.9[1.6-2.4] 0.001  1.00[0.78-1.28] 0.99
Atrial fibrillation 29 (18) 20 (33) 2.2[1.1-4.3] 0.02 1.00 [0.54-1.84] 0.99
Chronic obstructive 250 (31) 282 (32) 1.02 [0.83-1.27] 0.83 1.00 [0.78-1.28] 0.99
pulmonary disease
Pulmonary failure 91 (11) 66 (8) 0.62 [0.44-0.88] 0.005  0.99[0.67-1.47] 0.99
Cirrhosis 4 (1) 1(1) 0.22 [0.03-1.24] 0.20 0.98 [0.04-8.03] 0.99
Renal failure 125 (16) 132 (15) 0.95[0.72-1.24] 0.68 0.99 [0.73-1.38] 0.99
Preoperative 15 (2) 8(1) 0.55[0.23-1.30] 0.21 0.99 [0.36-2.78] 0.99
hemodialysis
Diabetes 91 (11) 138 (16) 1.4[1.1-1.9] 0.01 1.00 [0.71-1.41] 0.99
Surgical characteristics
Aneurysm 565 (71) 595 (68) 0.85[0.68-1.05] 0.12 0.99 [0.78-1.28] 0.87
Combined surgery 277 (37) 272 (38) 1.01 [0.83-1.27] 0.79 0.97 [0.74-1.26] 0.81
RCRI
1 475 (60) 345 (39) — — — —
2 224 (28) 349 (40) 1.7 [1.5-2.0]t 0.001  0.99[0.84-1.17]F 0.93
>3 94 (12) 187 (21) — — — —
Preoperative medications
Angiotensin-converting 168 (21) 331 (38) 2.2[1.8-2.8] 0.001  0.99[0.76-1.31] 0.98
enzyme inhibitors
B-blockers 203 (28) 413 (47) 2.6 [2.1-3.2] 0.001  1.00 [0.76-1.30] 0.98
Nitrates 57 (7) 89 (10) 1.4[1.0-2.1] 0.04 1.00 [0.65-1.52] 0.99
Calcium-channel 223 (28) 292 (33) 1.3[1.0-1.6] 0.02 1.00 [0.78-1.29] 0.99
blockers

Values are mean = SD or number (%).

* Ratio of yr between patients with and without statins; T mean difference of RCRI in points between patients with and without statins.

RCRI = Revised Cardiac Risk Index stratification.

firms previous reports,® suggesting that the greater the pre-
operative risk, the greater the effect of chronic statin therapy
on cardiac endpoints.

Postoperative renal failure also was significantly reduced,
whereas the frequencies of pneumonia, MODS, and surgical
complications were not significantly associated with chronic
statin treatment. No significant effect was retrieved for post-
operative stroke; nevertheless, the low frequencies observed
during this study suggested that the current study might be
underpowered to detect a significant difference.

To take into account the effect of intraoperative events, a
supplementary analysis was conducted using the propensity
score adjustment and the potentially unbalanced variables
related to the intraoperative events. Table 3 shows the effects
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of chronic statin therapy according to the considered end-
points. The two variables included in the models were the
number of red blood packed cells or blood recuperation units
given during surgery and the need for an early reintervention
(any type) in the 6 h after the end of surgery.

Finally, the effect of chronic statin therapy on mortality in
major adverse events (pneumonia, MODS, and surgical com-
plications) was analyzed using the propensity score adjustment
(fig. 2). Chronic statin therapy was associated with significantly
reduced mortality in patients with MODS or surgical compli-
cations, whereas no significant effect was observed in patients
with pneumonia (P = 0.15). Furthermore, a significant associ-
ation was retrieved between statins and decreased mortality
when one of these complications (any type) occurred (fig. 2).
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Table 2. Postoperative Endpoints Adjusted for the Propensity Score for Preoperative Chronic Statin Treatment

Preoperative Propensity Score
No Preoperative Statin Adjusted
Statin Therapy, Therapy, Relative Risk, Relative Risk,
Variables n =794 n = 880 [95% CI] P Value [95% ClI] P Value
Death (all cause) 27 (3.4) 17 (1.9) 0.56 [0.28-1.07] 0.07 0.38[0.18-0.78]  0.001
Cardiac death 15 (1.9) 7 (1.0 0.30[0.08-0.86] 0.02 0.15[0.04-0.47]  0.002
Myocardial infarction 29 (3.7) 34 (3.9) 1.06 [0.62-1.82] 0.90 0.48[0.26-0.89] 0.02
Myocardial necrosis 81 (10.2) 89 (10.1)  0.99[0.71-1.38]  0.99 0.54[0.36-0.79] 0.002
Postoperative renal failure 92 (11.6) 81(9.2) 0.77[0.56-1.07] 0.13 0.51[0.34-0.74]  0.001
Postoperative stroke 6 (0.8) 3(0.3) 0.45[0.07-2.11] 0.32 0.58[0.10-2.78] 0.51
Postoperative pneumonia 97 (12.2) 112 (12.7)  1.05[0.78-1.42] 0.77 0.88[0.62-1.25] 0.48
Multiple organ dysfunction 42 (5.3) 53 (6.0) 1.15[0.74-1.79] 0.53 0.79[0.48-1.31] 0.36
syndrome

Surgical complication 136 (17.1) 160 (18.2) 1.08[0.83-1.40] 0.61 0.77 [0.57-1.05] 0.10

Values are number (%).

Discussion

The current study suggests that not only cardiac postopera-
tive complications, but also renal complications can be re-
duced with chronic statin therapy, even when intraoperative
adverse events are taken into account. Furthermore, in major
postoperative adverse events (MODS or surgical complica-
tions), chronic statin therapy is associated with a marked
reduction in mortality.

Despite the lack of a large, randomized clinical trial inves-
tigating the use of statins during the perioperative period,
two randomized clinical trials**> and numerous nonran-
domized studies®~® strongly suggest that statins have a car-
diovascular protective effect. The current study does improve
our knowledge of this effect, but indicates that cardiac mor-
tality after major vascular surgery does not account for global
mortality. As a matter of fact, given that only half of the
deaths were attributable to cardiac causes in the current
study, the cardiovascular protective effect of statins does not
explain completely the benefit on global mortality. The du-
ration of statin treatment was longer than 10 days for all
included patients. It has been recognized that a treatment
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Fig. 1. Effect of preoperative chronic statin therapy on post-
operative cardiac endpoints, according to the preoperative
risk of postoperative cardiac complications, expressed as the
number of patients needed to be treated to prevent one
adverse event. RCRI = Revised Cardiac Risk Index.
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given for more than 5 days results in a plateau with regard to
the vascular pleiotropic effects of statins.*®

Postoperative renal dysfunction is a frequent adverse event
after aortic surgery. Conflicting reports exist on the protective
effect of statins.””*® The current study, which includes patients
not exposed to postoperative statin withdrawal, shows a clear
benefit of chronic statin therapy after major vascular surgery.
Likewise, postoperative strokes occur less frequently with st-
atins, but the extra-low frequency of this postoperative event
requires further studies to explore this effect. These two vascular,
but noncardiac, protective effects of statins probably contrib-
uted to the protective effect on global mortality.

Postoperative pneumonia, as defined in the current study,
was not prevented by chronic statin therapy. The pathophys-
iologic mechanisms implicated in the outbreak of postoper-
ative pneumonia center around the disruption of the normal
activity of the respiratory muscles in some predisposed pa-
tients,” which induces hypoventilation and favors pneumo-
nia. This difference, compared with community-acquired
pneumonia, probably explains why the effect of statins on
postoperative pneumonia does not seem to be as important
as it is in nonpostoperative pneumonia.’®" In fact, to date,
only mechanical treatments (intermittent positive pressure
breathing, physiotherapy) appear to be effective in prevent-
ing postoperative pneumonia.

Some recent reports suggest that adverse intraoperative
events, such as excessive bleeding or hypotension, highly
modify the preoperative estimation of risk in patients under-
going major surgery.” These rare intraoperative events in-
duce high rates of complications and tend to bias preopera-
tive scores, such as the Revised Cardiac Risk Index. It is not
surprising that chronic statin therapy does not prevent sur-
gical complications. In fact, most of the complications are a
result of excessive bleeding related to surgical difficulties.
This kind of complication does not tend to be prevented by
any preoperative treatment. Furthermore, one of the conse-
quences of surgical complication (MODSY) is not prevented
by statin therapy.

Le Manach et al.
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Table 3. Postoperative Endpoints Adjusted for the Propensity Score for Preoperative Chronic Statin Treatment, and
for Intraoperative Events

Propensity Score and
Intraoperative Events Adjusted

Number of Patients Needed

Relative Risk to Treat
Number Needed
Variables Odds Ratio [95% CI] to Treat [95% CI] P Value
Death 0.42 [0.20-0.86] 51 [37-220] 0.02
Cardiac death 0.18 [0.05-0.55] 36 [31-67] 0.004
Myocardial infarction 0.49 [0.26-0.92] 58 [40-390] 0.03
Myocardial necrosis 0.53 [0.36-0.80] 64 [46-152] 0.002
Renal failure 0.47 [0.31-0.71] 56 [43-106] 0.001
Stroke 0.59 [0.10-2.76] 73 [36-] 0.52

However, although chronic statin therapy does not re-
duce the frequency of pneumonia, MODS, or surgical com-
plications, it does seem to limit the consequences of these
postoperative complications to a great extent. This impor-
tant finding allows us to better explain the observed benefit
on global mortality. A large number of the observed deaths
are nota result of an isolated cardiac complication, but follow
a surgical complication that induces a major complication,
such as MODS. This result is consistent with daily clinical
observations that severe cardiac complications that induce
death are rare after such surgery. By reducing mortality in
major postoperative complications, unabridged chronic sta-
tin therapy appears to be a global protector during the post-
operative period of major vascular surgery. These results have
relevance in light of some reports that suggest that patients
receiving statin therapy, who develop MODS'? or severe
sepsis,'" might have a better outcome than patients without
chronic statin therapy. The limitation of the inflammatory
response observed with statins might be one of the explana-
tory mechanisms for this clinical benefit.'?

Some limitations must be considered in the interpretation
of the results of the current study. First, this study is not
randomized, and although powerful adjustment methods
have been used, the probability of an unrecognized confusion
bias still exists. Second, dealing with intraoperative compli-
cations introduces numerous specific characteristics relating

Statins are associated | Statins are associated
with lower mortality I with higher mortality

Intra- and 01_,025 05 . 20
Postoperative events: : NNT 95% ClI
]
mops | *2—o— 2%, 6 [3:66]
]
]
y 1.07
Pneumonia OE#O—:- 13 [10;00]
]
Surgical complication 0'1”0—0—0'86: 13 [9;64]
I
Any complication | 24— 098 20 [13:828]

Fig. 2. Impact of preoperative chronic statin therapy on mor-
tality in postoperative major adverse events. Cl = confidence
interval; MODS = Multiple Organ Dysfunction Syndrome;
NNT = number needed to treat.
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to surgical techniques and local specificities in the patient
management. As a result, the intraoperative predictors that
have been defined in our center may not be as accurate in
other centers. Third, the retained definitions for the cardiac
endpoints are reliable and robust, but we have to consider that
our definition of postoperative pneumonia is not necessarily as
robust. In fact, the retained definition of pneumonia includes
patients with mild acute lung injuries, which would not have
been classified as pneumonia in other studies. Finally, because
we consider pneumonia to be a major problem after vascular
surgery, our team has developed strategies for the early treat-
ment of postoperative pulmonary dysfunction,® which may
have biased the results regarding pneumonia.

In conclusion, the observed association between chronic
statin therapy and postoperative complications suggests that
statins have to be considered as global perioperative protec-
tion for patients undergoing major vascular surgery and not
only as cardioprotective treatment. This important observa-
tion suggests that perioperative use of statins should be
guided not only by cardiac risk.
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