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Objective: Statin therapy in ambulatory populations is associated with a signif-
icant reduction in adverse cardiovascular events, including death and myocardial
infarction. Much less is known about the beneficial effects of statins on acute
perioperative cardiovascular events. The purpose of this study was to determine
whether preoperative statin therapy is associated with a reduced risk of early
cardiac death or nonfatal, in-hospital postoperative myocardial infarction after
primary, elective coronary artery bypass graft surgery requiring cardiopulmo-
nary bypass.

Methods: The Multicenter Study of Perioperative Ischemia (McSPI) Epidemiology
II Study was a prospective, longitudinal study of 5436 patients undergoing coronary
artery bypass graft surgery between November 1996 and June 2000 at 70 centers in
17 countries. The present study consisted of a pre-specified subset of these subjects
divided into patients receiving (n = 1352) and not receiving (n = 1314) preoper-
ative statin therapy. To control for potential bias related to use of statin therapy, the
study estimated propensity scores by logistic regression to determine the predicted
probability of inclusion in the “statin” group. Multivariate, stepwise logistic regres-
sion was then performed, controlling for patient demographics, medical history,
operative characteristics, and propensity score to determine whether preoperative
statin therapy was independently associated with a reduction in the risk of early
(DOS-POD3) cardiac death and/or nonfatal, in-hospital postoperative myocardial
infarction.

Results: Preoperative statin therapy was independently associated with a signif-
icant reduction (adjusted odds ratio [OR] 0.25; 95% confidence intervals [CI]
0.07-0.87) in the risk of early cardiac death after primary, elective coronary
bypass surgery (0.3% vs 1.4%; P < .03), but was not associated with a reduced
risk of postoperative nonfatal, in-hospital myocardial infarction (7.9% vs 6.2%;
P = not significant). Discontinuation of statin therapy after surgery was indepen-
dently associated with a significant increase in late (POD4-discharge) all-cause
mortality (adjusted OR 2.64; 95% CI 1.32-5.26) compared with continuation of
statin therapy (2.64% vs 0.60%; P < .01). This was true even when controlling for
the postoperative discontinuation of aspirin, [3-blocker, or angiotensin-converting
enzyme inhibitor therapy. Discontinuation of statin therapy after surgery was also
independently associated with a significant increase in late cardiac mortality (ad-
justed OR 2.95; 95% CI 1.31-6.66) compared with continuation of statin therapy
(1.91% vs 0.45%; P < 0.01).

Conclusions: Preoperative statin use is associated with reduced cardiac mortality
after primary, elective coronary artery bypass grafting. Postoperative statin discon-
tinuation is associated with increased in-hospital mortality. Although further ran-
domized trials are needed to confirm these findings, these data suggest the impor-
tance of perioperative statin administration.
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dministration of 3-hydroxy-3-methylglutaryl coen-

zyme A (HMG-CoA) inhibitors or ‘“statins” to am-

bulatory patients reduces low-density lipoprotein
(LDL), total cholesterol levels, and the risk of adverse
cardiovascular events, including death, myocardial infarc-
tion (M), and stroke.'"!! Moreover, the beneficial effects of
statin therapy are not limited to patients with hypercholes-
terolemia. Even in patients with normal total and LDL
cholesterol levels, long-term statin administration reduces
the incidence of adverse cardiovascular outcomes and de-
creases the need for coronary angioplasty or coronary artery
bypass graft (CABG) surgery.*®

Although the mechanisms by which statins reduce cardio-
vascular events have yet to be fully elucidated, statins have
several important, non—lipid-mediated effects. For example,
the metabolite of HMG-CoA reductase, mevalonic acid, is a
precursor of the cholesterol and the isoprenoid intermediates,
farnesyl and geranylgeranyl pyrophosphate, which are essen-
tial for the posttranslational modification of intracellular G-
proteins that regulate endothelial, platelet, and leukocyte func-
tion.'? Statins have also been shown to modulate vascular
remodeling through inhibition of cellular matrix metallopro-
teases and transcription factors, such as nuclear factor-xB."?
Thus, statins exert pleiotropic effects, independent of cho-
lesterol reduction, that result in direct antiatherosclerotic,
antithrombotic, and anti-inflammatory properties.'>'*

In contrast to the widely described long-term benefits of
statins in ambulatory patients, much less is known about the
effects of statins on acute postoperative cardiovascular
events.'*'® Recently, statins were shown to be indepen-
dently associated with a reduced risk of postoperative mor-
tality in patients undergoing major, noncardiac vascular
surgery.'® Further, preoperative statin therapy has been in-
dependently associated with a significant reduction in the
risk of all-cause mortality in patients undergoing CABG
surgery.'®!” The aim of the current study was to determine
whether preoperative statin therapy is independently asso-
ciated with a reduced incidence of early (date of surgery—
postoperative day 3 [DOS-POD3]) cardiac death or nonfa-
tal, in-hospital postoperative MI using the international
Multicenter Study of Perioperative Ischemia (McSPI) Epi-
demiology II Study of patients undergoing primary, elec-
tive CABG surgery.'® Additionally, we hypothesized that
discontinuation of statins in the postoperative period is
independently associated with an increased risk of late
(POD4-discharge), in-hospital cardiac mortality, even when
controlling for the discontinuation of preoperative aspirin
B-blocker, or angiotensin-converting enzyme (ACE) inhib-
itor therapy.

Methods

Study Design

The McSPI Epidemiology II Study was prospective and longitu-
dinal, consisting of 5436 patients with coronary artery disease

Abbreviations and Acronyms

ACE = angiotensin-converting enzyme 4
ACS = acute coronary syndromes
CABG = coronary artery bypass graft

CI = confidence intervals

CPB = cardiopulmonary bypass

DOS = date of surgery

HMG-CoA = 3-hydroxy-3-methylglutaryl coenzyme A

IREF = Ischemia Research and Education
Foundation

LDL = low-density lipoprotein

McSPI = Multicenter Study of Perioperative
Ischemia

MI = myocardial infarction

MIRACL = Myocardial Ischemia Reduction with
Acute Cholesterol Lowering

OR = odds ratios

POD = postoperative day

scheduled to undergo CABG surgery with the use of cardiopul-
monary bypass (CPB) at one of 70 medical institutions in 17
countries in North America, South America, Europe, the Middle
East, and Asia. Enrollment began in November 1996 and ended in
June 2000."® After institutional review board approval and written
informed consent had been obtained from each patient, 100 pa-
tients were prospectively enrolled at each institution according to
a systematic sampling scheme.'® Patients were excluded from the
present analysis if they (1) underwent emergency or urgent CABG
surgery (n = 952); (2) had repeat CABG surgery (n = 306); or (3)
had CABG surgery with concomitant valve or other cardiac sur-
gery (n = 827). Additionally, patients were excluded (n = 685)
from the present analysis for the following reasons: had a known
history of hepatitis B or C, cancer, hematologic disorder, previous
organ transplantation, alcohol or intravenous drug abuse, religious
beliefs precluding transfusion, prior chemotherapy or immuno-
suppressive therapy; were currently HIV seropositive; pregnant,
or had some other extraordinary characteristic (eg, history of
depression, mental illness, associated cardiac anomalies, or severe
aortic, thromboembolic, or neurologic disease). After application
of the exclusion criteria, the remaining patients (n = 2666) were
classified into 2 groups: patients receiving preoperative statin
therapy (n = 1352) and patients not receiving any preoperative
antihyperlipidemic therapy (n = 1314) at the time of admission.
Commercially available statins screened for in this study included
cerivastatin, fluvastatin, simvastatin, atorvastatin, lovastatin, and
pravastatin.

Study Data

Data on more than 7500 variables, including patient demographics,
preoperative risk factors, and the incidence of adverse postopera-
tive outcomes, were collected on each enrolled patient by inde-
pendent investigators during the course of the hospitalization for
the CABG surgery (the index hospitalization). Data were adjudi-
cated centrally (IREF, San Francisco, Calif), with all data for each
patient examined for completeness and accuracy before the data-
base was closed.
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Measurement of Outcomes

All outcomes were pre-specified, defined by the protocol, and
adjudicated by investigators at each site who were unaware of
treatment-group assignment. Cardiac death was defined as death
occurring secondary to an MI, heart failure, or arrhythmia. A
diagnosis of MI was made if there were new Q waves (Minnesota
code 1-1-1 to 1-2-7), new persistent ST-segment or T-wave
changes (Minnesota code 4-1, 4-2, 5-1, 5-2, or 9-2) and elevated
values for the myocardial band isoenzyme of creatine kinase, or
evidence of acute MI at autopsy.'® A diagnosis of heart failure was
made if a ventricular assist device was used, if continuous inotro-
pic support was required for at least 24 hours, or if there was
evidence of heart failure on autopsy.'® “Early” death was defined
as death occurring in hospital between DOS-POD3. “Late” death
was defined as death occurring in hospital between POD4-
discharge.

Statistical Analysis

Statistical analyses were performed with SAS, version 8.12 (SAS
Institute, Cary, NC). Patients’ preoperative and intraoperative de-
mographics, risk factors, and medications were first compared
between groups by univariate (xy?) analysis (Tables 1 and 2). To
control for selection bias related to statin use, the study estimated
a propensity score for each patient using unconditional logistic
regression to determine the predicted probability of inclusion in
the preoperative “statin” group. Variables used to determine the
propensity score included age, gender, ethnicity, body mass index,
educational level, tobacco use, medications, and preoperative his-
tory of diabetes, hypercholesterolemia, cardiovascular, renal, neu-
rologic, or hematologic disease. The propensity score and all
predictor variables significant at a 2-tailed nominal P < .15 in the
univariate analysis were then entered into a multivariate stepwise
logistic regression model to determine whether preoperative statin
therapy was independently associated with a reduction in the risk
of early cardiac death or nonfatal, in-hospital postoperative MI
after primary, elective CABG surgery. Only those variables sig-
nificant at a 2-tailed nominal P < .05 were retained within the
model. To ascertain the effect of postoperative statin discontinu-
ation on late, in-hospital mortality, multivariate analysis was also
performed as described above on the group of patients who re-
ceived preoperative statin therapy, comparing patients in whom
statin therapy was discontinued with those in whom it was not.
Odds ratios (OR) and corresponding 95% confidence intervals (CI)
are reported, with associated P values.

Results
Patient preoperative and intraoperative demographics are
presented in Tables 1 and 2, respectively. Patients receiving
preoperative statin therapy were significantly more likely to
have a history of hyperlipidemia (P = .001), smoking (P =
.01), coronary stent placement (P = .002), and percutaneous
transluminal coronary angioplasty (P = .001) than were
patients not receiving preoperative antihyperlipidemia ther-
apy. Additionally, significant differences in statin usage
between geographic regions were observed (Table 1).

The incidence of all-cause mortality, cardiac mortality,
and in-hospital MI is presented in Figure 1. Multivariate

analysis, including controlling for propensity score, showed
that preoperative statin therapy was independently associ-
ated with a significant reduction in the risk of early all-cause
mortality (P < .04) and cardiac death (P < .04) after
elective, primary CABG surgery requiring CPB (Figure 2).
Note that all early (DOS-POD3) deaths were cardiac in
origin. Other significant independent predictors of early
all-cause mortality (A) and cardiac mortality (B) are shown
in Figure 2. Preoperative statin therapy was not indepen-
dently associated with a significant reduction in the risk of
nonfatal, in-hospital MI (P = .08). Only preoperative hep-
arin or warfarin use was found to be a significant, indepen-
dent predictor of postoperative nonfatal, in-hospital MI
(P < .01). No significant differences between the commer-
cially available statins were observed with respect to the
incidence of all-cause mortality, cardiac mortality, and in-
hospital MI.

Although preoperative statin therapy was independently
associated with a significant reduction in the risk of early
(DOS-POD3) cardiac death, the incidence of all-cause,
in-hospital (DOS-discharge) mortality did not significantly
differ between groups (1.9% vs 2.4%; P = not significant).
However, multivariate analysis controlling for the postop-
erative discontinuation of preoperative statin, aspirin,
B-blocker, or ACE inhibitor therapy revealed that discon-
tinuation of statin therapy was independently associated
with an increased risk of late (POD4-discharge) in-hospital
all-cause mortality compared with continuation of statins
postoperatively (2.64% vs 0.6%; P < .01; Figure 3). Sim-
ilarly, discontinuation of statin therapy was independently
associated with an increased risk of late in-hospital cardiac
mortality compared continuation of statins postoperatively
(1.91% vs 0.45%; P < .01; Figure 3). In contrast, discon-
tinuation of preoperative aspirin, 3-blocker, or ACE inhib-
itor therapy was not independently associated with an in-
creased risk of late, in-hospital all-cause mortality (Note
that postoperative discontinuation of aspirin bordered on
significance; P = .054).

Discussion

These data suggest that preoperative statin therapy is
independently associated with a reduced risk of early
(DOS-POD3) cardiac mortality after elective, primary CABG
surgery requiring CPB, even after adjusting for patient
demographics, risk factors, medications, and statin propen-
sity score. Moreover, discontinuation of statin therapy in the
immediate postoperative period is independently associated
with an increased risk of late (POD4-discharge), all-cause
in-hospital mortality, even after adjusting for the postoper-
ative discontinuation of preoperative [3-blocker, aspirin, and
ACE inhibitor therapy. Preoperative statin therapy is not
independently associated with a reduced risk of nonfatal,
in-hospital postoperative MI, whereas it is associated with
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TABLE 1. Preoperative demographic variables and risk factors in patients receiving preoperative statin therapy and
patients not receiving preoperative antihyperlipidemic therapy

Patient demographics and preoperative risk factors No statin therapy Statin therapy
(%, [n]) (n = 1314) (n = 1352) P value
Age (y) 63.4 = 0.26 61.9 = 0.26 <.001
Female gender 18 (232) 19 (263) .23
College graduate 18 (238) 18 (245) .99
Body mass index 27.1 = 0.12 275 = 0.1 .04
Diabetes mellitus type | 8(102) 7(98) .61
Hyperlipidemia 54 (707) 92 (1251) <.001
History of smoking 65 (860) 70 (952) .01
Pulmonary disease 19 (246) 16 (210) .03
Renal disease 15 (196) 14 (183) .30
Hypertension 65 (855) 65 (886) .84
Prior M 51 (668) 53 (712) .36
Angina 91 (1196) 92 (1251) 19
Previous coronary stent 4 (59) 8 (105) .002
Previous PTCA 12 (153) 18 (238) <.001
Dysrhythmias 16 (211) 14 (191) 15
Atrial fibrillation 6 (83) 6 (82) 79
Valvular disease 9 (124) 7(93) .02
Carotid disease 10 (136) 12 (161) 19
Ejection fraction > 55% 63 (751) 65 (794) .80
Ejection fraction < 44% 14 (181) 14 (184) .90
Congestive heart failure 29 (385) 29 (390) 81
Aortic vascular disease 1(8) 1(13) .30
Peripheral vascular disease 15 (201) 15 (197) .59
Syncope 6 (79) 5(74) .55
Transient ischemic attack 5(71) 5(69) 13
Stroke 6 (75) 6 (76) .95
Gastrointestinal disease 24 (320) 27 (365) 12
Hematologic disease 4 (57) 3(42) .09
Hepatic disease 8(99) 7(90) .36
Preoperative medications
B-Blockers 68 (889) 76 (1023) <.001
Aspirin 60 (795) 67 (905) <.001
IABP 1(9) 0.5 (6) A1
Antiarrhythmics 10 (131) 10 (142) .65
ACE inhibitors 42 (556) 43 (577) .85
Ca®" channel blockers 35 (460) 39 (522) .05
Diuretics 25 (328) 21 (278) .007
Intravenous inotropes 5 (67) 2 (26) <.001
Nonaspirin platelet inhibitors 1(16) 1(17) .93
Vasodilators 12 (156) 8(107) <.001
Warfarin or heparin 26 (338) 23 (311) .10
Antifibrinolytics 0.15(2) 0.52 (7) .10
Region
Asia 13 (168) 5(61) <.001
Canada 6 (82) 8(107) .09
Europe 43 (558) 36 (488) .001
Middle East 2(22) 2 (24) .84
South America 6 (77) 4 (59) .08
United Kingdom 8 (103) 20 (268) <.001
United States 23 (304) 26 (345) 15

Mean = SEM. MI, Myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; /ABP, intra-aortic balloon pump; ACE, angiotensin-
converting enzyme.
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TABLE 2. Intraoperative demographic variables and risk factors in patients receiving preoperative statin therapy and
patients not receiving preoperative antihyperlipidemic therapy

Intraoperative demographics and risk factors (%, [n]) No statin therapy (n = 1314) Statin therapy (n = 1352) P value
Crossclamp time (min) 59.7 = 0.71 58.4 = 0.72 21
Total bypass time (min) 96.9 = 0.96 93.5 = 0.97 .01
Crossclamp used > 1 time 2 (29) 6 (82) .001
Side-biter clamp used > 1 time 21 (274) 22 (288) .70
Number of CABGs = 3 74 (967) 74 (1006) .63
Arterial filter used during CPB 80 (1048) 83(1112) .07
Membrane oxygenator 96 (1262) 99 (1343) <.001
Lowest temperature actively cooled (C°) 30.9 = 0.08 31.0 = 0.08 32
Highest temperature actively warmed (C°) 36.9 + 0.02 37.0 = 0.02 .003
Ventricular vent 92 (1210) 91 (1233) A1
Intraoperative intravenous inotropes 69 (913) 71 (956) 49
Intraoperative IABP 1(18) 1(19) .94
Intraoperative antifibrinolytics 69 (904) 72 (978) 15
Return to CPB 3(42) 3(42) .89
Intraoperative VAD 0(0) 1(1) >.999

Mean = SEM. CABG, Coronary artery bypass graft; CPB, cardiopulmonary bypass; /ABP, intra-aortic balloon pump; VAD, ventricular assist device.

early cardiac mortality. Although randomized trials are still
needed, these data suggest that preoperative statin therapy is
associated with a reduced risk of acute postoperative cardiac
surgical mortality. Moreover, discontinuation of statins after
cardiac surgery is associated with an increased risk of late
in-hospital mortality.

Long-term statin administration in ambulatory patients is
associated with a reduced risk of adverse cardiovascular
events, including death, MI, stroke, atrial fibrillation, and
renal dysfunction."'! However, recent evidence suggests
that statins may also reduce the risk of acute adverse out-
comes after invasive cardiovascular procedures.'>'**> For

Incidence [no. (%)]

Outcome Odds Ratio (95% Cl)

All-Cause IMox tality 1 No Statin ~ Statin P Value
Whole Period (DOS-Discharge) l 1 2 (2.4 26 (1.9) 0.37
Early (D 0OS-POD3) — i 18 (1.4 103 <o
Late (POD4-Discharge) L 1 14 (1'1) 2 (1.6) 0 2'2

Cardiac Mortality :

Whele Period (DOS-Discharge) H_{-' 28 (2.1) 20 (1.5) 0.2
Early (D0S-POD3) e , 18 (1.4) 403  <0m
Late (POD4-Discharge) L L] 10 (0.9) 16 (1.2) 0.28
Myvocardial Infarction (V) !
Whele Period (DOS- Discharge) *_‘_| 86 (6.9) 111 (8.2) 0.10
Early (0 0S-POD3) p—— 69 (5.3) 9 (7.1) 005
Late (POD4-Discharge) - 17 (1.4) 15(1.2 079
Non-fatal Mi
Whole Period (DOS-Dis charge) 81 (6.2) 107 (7.9 0.08
Early (D OS-POD3) —— 65 (5.0) 95 (7.0) 0.02
Late (POD4-Discharge) '—.—I—| 16 (1.3) 12 {1.0) 0.42
Fatal MI !
Whole Period (DOS-Discharge) t : { 7(0.9 6(0.4) 0.74
Early (D 0S-POD3) —_— 5(0.4) 2(0.2) 0.26
Late (POD4-Discharge) N l / 2(0. 400 0.45
| i ” ’;’_' B -
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0 1 2 4 10 11
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Figure 1. Univariate analysis of all-cause mortality, cardiac mortality, and nonfatal, in-hospital myocardial
infarction (MI). The incidence, associated odds ratios, and 95% confidence intervals (Cl) of all-cause mortality,
cardiac mortality, and nonfatal, in-hospital MI in patients receiving preoperative statin therapy (n = 1352) and
patients who did not (n = 1314) are shown. DOS, Day of surgery; POD, postoperative day.
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Odds Ratio (95% Cl)
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Figure 2. Multivariate analysis of early (D0S-POD3) all-cause mortality (A) and cardiac mortality (B) after elective,
primary CABG surgery controlling for patient demographics, perioperative risk factors, medications, and statin
propensity score. Significant, independent predictors of early all-cause mortality and cardiac mortality, along with
their associated odds ratios and 95% confidence intervals (C/) are shown. Note that all deaths between DOS-POD

3 were cardiac in origin.

example, statin administration at the time of percutaneous
transluminal coronary angioplasty is independently associ-
ated with improved 30-day and 6-month survival.” Statin
use was also recently associated with a reduced risk of
perioperative mortality in patients undergoing vascular or
cardiac surgery.'>'® We now demonstrate that preoperative
statin therapy is not only independently associated with a
reduced risk of early cardiac mortality, but that discontinu-
ation of preoperative statin therapy in the immediate post-
operative period is also independently associated with an
increased risk of late in-hospital mortality after primary,
elective CABG surgery.

Although the exact mechanisms underlying the observed
association of preoperative statin therapy with reduced car-
diac surgical mortality are unclear, accumulating evidence
suggests that statins exert multiple effects independent of
their effect on LDL cholesterol.?®3 In patients with acute
coronary syndromes (ACS) or idiopathic dilated cardiomy-
opathy, statin therapy has been shown to improve ventric-
ular function and reduce markers of inflammation, including
C-reactive protein, serum amyloid A, tumor necrosis factor «,
interleukin 6, and brain natriuretic peptide levels.”’° St-
atins have also been shown to be protective against isch-
emia and reperfusion injury in the heart, lung, brain,
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Odds Ratio (95% Cl)
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[
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Figure 3. Multivariate analysis of late (POD4-discharge) all-cause mortality (A) and cardiac mortality (B) after elective
CABG surgery controlling for the postoperative discontinuation of preoperative statin, aspirin, B-blocker, or angiotensin-
converting enzyme inhibitor therapy. Significant, independent predictors of late all-cause mortality and cardiac mortality
along with their associated odds ratios and 95% confidence intervals (Cl) are shown. Only discontinuation of statin
therapy independently predicted increased all-cause and cardiac mortality occurring on or after POD 4.

kidney, and gut.*'-***°® For example, simvastatin inhibited
leukocyte-endothelial cell interactions in an isolated, per-
fused rat heart model, while preserving cardiac contractile
function and coronary perfusion after myocardial ischemia
and reperfusion.®? In addition to promoting systemic anti-
oxidant effects, statins have also been shown to modulate
remodeling of the cardiac extracellular matrix and to inhibit
synthesis of isoprenoids required for the posttranslational
modification of important signaling molecules, such as Rho,
Rac, and Ras.?**® Multiple mechanisms, independent of
cholesterol reduction, may thus underlie the protective in-
fluence of preoperative statin therapy on acute cardiac sur-
gical mortality.'*'*

Depending on the statin type, the half-life of inhibitory
activity for HMG-CoA reductase may range as high as 20
to 30 hours because of the contribution of active metabo-
lites. However, acute discontinuation of statins in ambula-
tory patients with ACS has been shown to increase the risk
of adverse cardiovascular outcomes. Heeschen and col-
leagues®” demonstrated in ambulatory patients experiencing
ACS that administration of statin therapy before the onset of
symptoms was associated with a reduced incidence of 30-
day all-cause mortality and nonfatal MI compared with
nonuse of statins (adjusted OR 0.49, 95% CI1 0.21-0.86; P =
.004). Moreover, the incidence of 30-day all-cause mortality
and nonfatal MI was significantly increased when statin
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therapy was withdrawn compared with when statin therapy
was continued (adjusted OR 2.93, 95% CI 1.64-6.27; P =
.005). Both effects were independent of cholesterol levels,
further supporting the non-lipid-mediated benefits of statin
therapy. Finally, statin therapy was shown to be less effec-
tive in reducing the risk of death or nonfatal MI when
initiated after the presentation of an ACS, compared with
pretreatment before the onset of symptoms (14% vs 51%
relative risk reduction). These results are consistent with
our present findings in CABG surgical patients suggesting
that postoperative discontinuation of statin therapy is asso-
ciated with an increased risk of late, all-cause in-hospital
mortality.

Despite guidelines by the American College of Cardiol-
ogy and American Heart Association recommending statins
for CABG patients with LDL concentrations greater than
100 mg/dL,* two thirds of eligible candidates may not be
receiving statin therapy at discharge.* Explanations for not
reinitiating statin therapy after CABG surgery may include
patients’ decreased tolerance of oral medications secondary
to nausea and vomiting, transient renal dysfunction, con-
cerns pertaining to hepatic toxicity or myositis, or failure of
the responsible physician to reimplement preoperative med-
ications. Educating physicians about the potential benefits
of continuing statin therapy throughout the perioperative
period may therefore be warranted.

Although this prospective cohort study extends the re-
sults of previous studies suggesting that preoperative statin
therapy may be beneficial after major cardiovascular sur-
gery,'>1%1920 the present study is not without limitations.
Despite the use of propensity scoring and multivariate re-
gression models to adjust for potential confounders that
affect postoperative outcomes, immeasurable or unknown
factors may still exist. Physician bias may have influenced
patient selection, statin type, and dose. Indeed, randomized
clinical trials of statin use in other settings such as ACS (eg,
the Myocardial Ischemia Reduction with Acute Cholesterol
Lowering [MIRACL] trial), while encouraging, have not
always confirmed as marked a reduction in mortality as was
seen in early observational studies.*>*' Nonetheless, an
intensive lipid-lowering statin regimen was recently shown
to have greater protection against death and major cardio-
vascular events in ACS patients than a standard regimen,*?
suggesting that such patients may further benefit from early
and continued lowering of LDL cholesterol to levels sub-
stantially below current target levels. There thus remains a
need for a prospective, randomized study to investigate the
influence of statins on adverse cardiac surgical outcomes
and to determine which patients would benefit the most
from perioperative statin therapy. Second, we were unable
to determine the influence of the duration of preoperative
statin therapy on the risk of postoperative outcomes. Al-
though the duration of preoperative statin therapy was not

measured or controlled in the present study, previous studies
have shown that statin therapy improves endothelial func-
tion and lowers serum inflammatory markers as early as 6 to
16 weeks.”*%272% Finally, further study is needed to deter-
mine the effect of postoperative statin administration in
patients not receiving preoperative statin therapy.

Conclusion

Preoperative statin therapy may reduce the risk of early
cardiac mortality after primary, elective CABG surgery
requiring CPB. Furthermore, discontinuation of statins after
cardiac surgery is associated with an increased risk of late
in-hospital mortality.
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E Appendix

The Ischemia Research and Education Foundation (IREF) is an
independent nonprofit foundation, formed in 1987, which develops
clinical investigators via observational studies and clinical trials
addressing ischemic injury of the heart, brain, kidney, and
gastrointestinal tract. IREF provided all funding for execution
of the study, collection of the data, and analysis and publication
of the findings. The Multicenter Study of Perioperative Ischemia
(McSPI) Research Group, formed in 1988, is an association of 160
international medical centers located in 23 countries, organized
through, and supported by grants from, IREF.

The following institutions and persons coordinated the McSPI
EPI-1I study. Study Chairman—D. Mangano; Senior Editor—1J.
Levin, L. Saidman; Study Design and Analysis Center: Isch-
emia Research and Education Foundation—P. Barash, M.
Brual, C. Dietzel, A. Herskowitz, Y. Miao, T. Titov, 1. C. Tudor.
Editorial/Administrative Group—D. Beatty, B. Xavier, L. Lei.

The following institutions and persons participated in the
McSPI EPI-II Study. Centers and investigators: United
States—University of Chicago, Weiss Memorial Hospital—S.
Aronson; Beth Israel Hospital—M. Comunale; Massachusetts
General—M. D’Ambra; University of Rochester—M. Eaton;
Baystate Medical Center—R. Engelman; Baylor College of
Medicine—]. Fitch; Duke Medical Center—K. Grichnik; UTH-
SCSA-Audie Murphy VA, UTHSCSA-University Hospital—
C. B. Hantler; St Luke’s Roosevelt Hospital—Z. Hillel; New
York University Medical Center—M. Kanchuger, J. Ostrowski;
Stanford University Medical Center—C. M. Mangano; Yale
University School of Medicine—J. Mathew, M. Fontes, P.
Barash; University of Wisconsin—M. McSweeney, R. Wolman;
University of Arkansas for Medical Sciences—C. A. Napoli-
tano; Discovery Alliance, Inc.—L. A. Nesbitt; VA Medical Cen-
ter, Milwaukee—N. Nijhawan; Texas Heart Institute, Mercy
Medical Center—N. Nussmeier; University of Texas Medical
School, Houston—E. G. Pivalizza; University of Arizona—S.
Polson; Emory University Hospital—J. Ramsay; Kaiser Foun-
dation Hospital—G. Roach; Thomas Jefferson University Hos-

pital, MCP Hahnemann University Hospital—N. Schwann;
VAMC Houston—S. Shenaq; Maimonides Medical Center—K.
Shevde; Mt Sinai Medical Center—L. Shore-Lesserson, D.
Bronheim; University of Michigan—J. Wahr; University of
Washington—B. Spiess; VA Medical Center, S.F.—A. Wallace;
Austria—University of Graz—H. Metzler; Canada—Univer-
sity of British Columbia—D. Ansley, J. P. O’Connor; The To-
ronto Hospital—D. Cheng; Laval Hospital, Quebec—D. Cote;
Health Sciences Centre-University of Manitoba—P. Duke;
University of Ottawa Heart Institute—J. Y. Dupuis, M. Hynes;
University of Alberta Hospital—B. Finnegan; Montreal Heart
Institute—R. Martineau, P. Couture; St Michael’s Hospital, Uni-
versity of Toronto—D. Mazer; Colombia—Fundacion Clinico
Shaio—J. C. Villalba, M. E. Colmenares; France—CHRU Le
Bocage—C. Girard; Hospital Pasteur—C. Isetta; Germany—
Universitit Worzburg—C. A. Greim, N. Roewer; Universitiit
Bonn—A. Hoeft; University of Halle—R. Loeb, J. Radke; West-
falische Wilhelms-Universitit Munster—T. Mollhoff; Univer-
sitiit Heidelberg—J. Motsch, E. Martin; Ludwig-Maximillians
Universitit—E. Ott; Universitit Krankenhaus Eppendorf—]J.
Scholz, P. Tonner; Georg-August Universitit Gottingen—H.
Sonntag; Ludwig-Maximillians Universitat—P. Ueberfuhr;
Hungary—Orszagos Kardiologiai Intezet—A. Szekely; India—
Escorts Heart Institute—R. Juneja; Apollo Hospital —G. Mani;
Israel—Hadassah University Hospital—B. Drenger,Y. Gozal, E.
Elami; Italy—San Raffaele Hospital, Universita de Milano—C.
Tommasino; Mexico—Instituto Nacional de Cardiologia—P.
Luna;. The Netherlands—University Hospital Maastricht—
P. Roekaerts, S. DeLange; Poland—Institute of Cardiology—R.
Pfitzner; Romania—Institute of Cardiology—D. Filipescu;
Thailand—Siriraj Hospital—U. Prakanrattana; United Kingdom—
Glenfield Hospital—D. J. R. Duthie; St Thomas’ Hospital—
R. O. Feneck; The Cardiothoracic Centre, Liverpool—M. A.
Fox; South Cleveland Hospital—J. D. Park; Southhampton
General Hospital—D. Smith; Manchester Royal Infirmary—A.
Vohra; Papworth Hospital—A. Vuylsteke, R. D. Latimer.
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