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ABSTRACT

BACKGROUND
Adverse cardiac events are common after vascular surgery. We hypothesized that peri-
operative statin therapy would improve postoperative outcomes.

METHODS

In this double-blind, placebo-controlled trial, we randomly assigned patients who had
not previously been treated with a statin to receive, in addition to a beta-blocker,
either 80 mg of extended-release fluvastatin or placebo once daily before undergo-
ing vascular surgery. Lipid, interleukin-6, and C-reactive protein levels were measured
at the time of randomization and before surgery. The primary end point was the
occurrence of myocardial ischemia, defined as transient electrocardiographic ab-
normalities, release of troponin T, or both, within 30 days after surgery. The sec-
ondary end point was the composite of death from cardiovascular causes and myo-
cardial infarction.

RESULTS

A total of 250 patients were assigned to fluvastatin, and 247 to placebo, a median of
37 days before vascular surgery. Levels of total cholesterol, low-density lipoprotein
cholesterol, interleukin-6, and C-reactive protein were significantly decreased in the
fluvastatin group but were unchanged in the placebo group. Postoperative myocar-
dial ischemia occurred in 27 patients (10.8%) in the fluvastatin group and in 47
(19.0%) in the placebo group (hazard ratio, 0.55; 95% confidence interval [CI], 0.34
to 0.88; P=0.01). Death from cardiovascular causes or myocardial infarction occurred
in 12 patients (4.8%) in the fluvastatin group and 25 patients (10.1%) in the placebo
group (hazard ratio, 0.47; 95% CI, 0.24 to 0.94; P=0.03). Fluvastatin therapy was not
associated with a significant increase in the rate of adverse events.

CONCLUSIONS
In patients undergoing vascular surgery, perioperative fluvastatin therapy was associ-
ated with an improvement in postoperative cardiac outcome. (Current Controlled
Trials number, ISRCTN83738615.)
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ATIENTS WITH ATHEROSCLEROTIC VASCU-

lar disease who undergo noncardiac vascu-

lar surgery are at high risk for postoperative
cardiac events, such as myocardial infarction and
death from cardiovascular causes. Cardiac events
occur in up to 24% of patients in high-risk cohorts*
and are related to the high incidence of underly-
ing coronary artery disease. Hertzer et al., perform-
ing routine coronary angiography in 1000 patients
scheduled for vascular surgery, found that only 8%
had a normal coronary-artery tree.?

Although the pathophysiology of perioperative
myocardial infarction is not entirely understood,
it is well accepted that rupture of coronary plaque,
leading to thrombus formation and subsequent
vessel occlusion, plays an important role. The
surgical stress response elicits a surge of cate-
cholamine, with associated hemodynamic stress,
vasospasm, reduced fibrinolytic activity, platelet
activation, and consequent hypercoagulability.® In-
flammatory processes in general and monocyte-
derived macrophages in particular play a critical
role in the progression and destabilization of coro-
nary plaque.

Large trials involving the nonsurgical popula-
tion have shown a beneficial role of long-term
statin therapy on cardiac outcome.* These effects
are related to a reduction of low-density lipopro-
tein (LDL) cholesterol levels and inflammation.5
Reduction in inflammation might, independently
of patients’ cholesterol levels, prevent destabiliza-
tion of coronary plaque induced by the stress of
surgery. To our knowledge, no placebo-controlled
trial has been published that assesses the effect
of statins on the 30-day postoperative outcome.®

We conducted the Dutch Echocardiographic
Cardiac Risk Evaluation Applying Stress Echocar-
diography IIT (DECREASE II) trial to address this
issue. We hypothesized that perioperative statin
therapy would reduce the postoperative incidence
of adverse cardiac events in patients undergoing
elective vascular surgery.

METHODS

The DECREASE III trial was conducted at the Er-
asmus Medical Center, Rotterdam, the Nether-
lands. The trial was designed by the authors and
approved by the medical ethics committee at Er-
asmus Medical Center. Novartis contributed to
the support of the study. Neither Novartis nor any

other organization supporting the study had a
role in the design, or conduct of the trial, analy-
sis of data, or reporting of the results. Study med-
ication was provided by Novartis. The authors vouch
for the accuracy and completeness of the data and
the analyses.

STUDY PATIENTS
All patients who were older than 40 years of age
and were scheduled for noncardiac vascular sur-
gery at Erasmus Medical Center from June 2004
through April 2008 were candidates for inclusion
in the trial. Patients had to be scheduled for ab-
dominal aortic aneurysm repair, distal aortoiliac
reconstruction, lower-limb arterial reconstruction,
or carotid-artery endarterectomy. Patients were re-
quired to have at least 51 points on a prespecified
risk index that was designed for this trial (see the
Supplementary Appendix, available with the full
text of this article at NEJM.org). All study patients
provided written informed consent.

Patients were excluded from the trial if they
were currently being treated with a statin, had a
contraindication for statin therapy, were undergo-
ing surgery that could interfere with continuous
12-lead electrocardiographic (ECG) recording, were
undergoing emergency surgery, were undergoing
reoperation within 30 days after a previous sur-
gical procedure, had unstable coronary artery dis-
ease, or had extensive stress-induced myocardial
ischemia suggestive of left main coronary artery
disease or its equivalent.

Patients who were enrolled and were already
receiving long-term beta-blocker therapy continued
their medication. For patients not already taking
a beta-blocker, bisoprolol, at a dose of 2.5 mg once
a day, was initiated at the screening visit. Beta-
blocker therapy was adjusted as previously de-
scribed for the DECREASE II study.”

STUDY TREATMENT
Patients were randomly assigned to receive either
extended-release fluvastatin (Novartis) at a dose
of 80 mg, or an identical-appearing placebo, once
daily. The study drug was started at the outpa-
tient clinic on the day of randomization and was
continued for at least 30 days after surgery. A com-
puter-generated randomization list was obtained
by the study statistician and given to the pharmacy
department. Independent pharmacists dispensed
either active study drugs or placebo according to
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the list. Study personnel and patients were un-
aware of the group assignments for the duration
of the study.

STUDY OUTCOMES
The primary study outcome was the occurrence of
myocardial ischemia, defined as either transient
ECG signs of ischemia, release of troponin T, or
both. ECG monitoring was performed using con-
tinuous ECG recording in the 48 hours after sur-
gery and 12-lead ECG recording on days 3, 7, and
30. Troponin T measurements were performed on
days 1, 3, 7, and 30. For patients who were dis-
charged before day 7, troponin T was measured at
the day of discharge.

ECG data were initially processed by a techni-
cian and analyzed by two experienced cardiolo-
gists who were unaware of the patient’s clinical
data. For the continuous ECG recordings, an ST-
segment trend was generated after excluding all
abnormal QRS complexes. Episodes of ischemia
were defined as periods of reversible ST-segment
changes lasting at least 1 minute on continuous
ECG recording and shifting from the baseline
value by more than 0.1 mV (1 mm). The ST-seg-
ment change was measured 60 msec after the
J point occurred, unless the J point fell within the
T wave, in which case the ST-segment change was
measured 40 msec after the J point occurred. Is-
chemia on standard 12-lead ECG recording was
defined as the presence of a reversible ST-segment
change, measured 60 msec after the J point oc-
curred.

The principal secondary end point was the com-
posite of death from cardiovascular causes and
nonfatal myocardial infarction. All deaths were
classified as being from either cardiovascular or
noncardiovascular causes. Death from cardiovas-
cular causes was defined as any death with a
cardiovascular diagnosis as the primary or sec-
ondary cause, including death after myocardial
infarction, cardiac arrhythmia, resuscitation, heart
failure, or stroke. Sudden death in a previously
stable patient was considered to be a death from
cardiovascular causes.® A nonfatal myocardial in-
farction was diagnosed if any two of the follow-
ing three criteria were present: characteristic is-
chemic symptoms lasting more than 20 minutes,
ECG changes (new left bundle-branch block, new
T-wave inversion persisting for at least 24 hours,
new ST-segment depression persisting for at least

24 hours, or acute ST-segment elevation followed
by appearance of Q waves or loss of R waves), or
a positive troponin T level with a characteristic
pattern of rising and falling values.®

The other secondary study outcome was the
effect of fluvastatin therapy on levels of biomark-
ers including lipids, high-sensitivity C-reactive pro-
tein, and interleukin-6. These markers were mea-
sured before initiation of the study drug and on
the day of admission for the surgical procedure.

Safety outcome measures included serum cre-
atine kinase and alanine aminotransferase levels
and development of clinical myopathy and rhab-
domyolysis. Blood samples were obtained before
randomization, on the day of hospital admission,
and on days 1, 3, 7, and 30 after surgery. The study
drug was withheld if alanine aminotransferase
levels were more than three times the upper limit
of the normal range, if creatine kinase levels were
more than 10 times the upper limit of the nor-
mal range, or if patients had myopathy or rhab-
domyolysis.

SAMPLE SIZE
On the basis of preliminary data from the
DECREASE II registry,” the anticipated incidence
of the primary end point, perioperative myocardial
ischemia, was 18.0% in the placebo group. Treat-
ment with fluvastatin was expected to be associ-
ated with a 50% reduction in the relative risk of
the primary end point.'*** We estimated that a
sample of 500 patients — 250 in each study group
— would yield a statistical power of more than
80% to detect the anticipated 50% risk reduction
associated with fluvastatin therapy, with a two-
sided alpha level of 0.05.

STATISTICAL ANALYSIS
The time to the first occurrence of the primary
efficacy end point was determined according to
the Kaplan—-Meier method, and the difference in
this time between the two groups was evaluated
using the log-rank statistic. The Cox proportional-
hazards model was used to determine the effects
of each study drug on the primary and principal
secondary efficacy end points, which are present-
ed as hazard ratios and 95% confidence intervals.
The assumption of proportional hazards was veri-
fied through visual assessment of log-minus-log
survival plots. These plots demonstrated reason-
ably parallel lines, indicating that the proportional-
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hazards assumption was not violated. Analyses of
other end points were based on Mann-Whitney U
tests, independent-samples t-tests, and chi-square
tests. Results of exploratory analyses for the pri-
mary outcome were evaluated with the use of tests
for interaction of study-drug effect with baseline
features. All analyses were performed according to
the intention-to-treat principle. All statistical tests
were two-sided, and a P value of less than 0.05 was
considered to indicate statistical significance.

RESULTS

STUDY SUBJECTS
Of 1669 patients assessed for trial eligibility, 1172
were excluded: 356 because they did not meet in-
clusion criteria, 798 because they were already tak-
ing a statin, and 18 for other reasons (see the Sup-
plementary Appendix). Of the 497 patients who
were enrolled, 250 were assigned to fluvastatin and
247 to placebo. Baseline characteristics of the pa-
tients are presented in Table 1. The mean age was
66 years, and 74.8% of the patients were male.

The surgical procedure performed was carotid-
artery surgery in 69 (13.9%), abdominal aortic
surgery in 236 (47.5%), and lower-limb arterial
surgery in 192 (38.6%) (Table 1). The median inter-
val between initiation of the study drug and sur-
gery was 37 days (interquartile range, 21 to 54).
Between the time of randomization and the surgi-
cal procedure, no patient had an adverse cardiac
outcome.

Four patients did not receive the intended study
drug: three who had been assigned to fluvastatin
did not take it and one who had been assigned to
placebo mistakenly received preoperative statin
treatment because of elevated cholesterol levels.
A total of 34 patients (6.8%) discontinued the
study drug because of side effects: 16 (6.4%) in
the fluvastatin group and 18 (7.3%) in the placebo
group (see the Supplementary Appendix). After
surgery, the study drug was temporarily discon-
tinued in 115 patients (23.1%) because of an in-
ability to take the study drug orally.

PRIMARY OUTCOME
A total of 27 of the 250 patients (10.8%) in the
fluvastatin group had evidence of myocardial is-
chemia within 30 days after surgery, as compared
with 47 of the 247 patients (19.0%) in the placebo
group (hazard ratio, 0.55; 95% confidence inter-
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Table 1. Baseline Characteristics of the Patients, According to Study Group.*

Fluvastatin

Characteristic (N=250)
Demographic Characteristics
Age —yr 66.0+10.5
Male sex — no. (%) 194 (77.6)
Risk factors
Myocardial infarction — no. (%) 73 (29.2)
Angina pectoris — no. (%) 52 (20.8)
Congestive heart failure — no. (%) (5 2)
Diabetes mellitus — no. (%) 5(22.0)
Stroke or TIA — no. (%) 75 (30.0)
Renal insufficiency — no. (%) 23 (9.2)
Hypertension — no. (%) 142 (56.8)
COPD — no. (%) 74 (29.6)
Medication use
Beta-blocker — no. (%) 250 (100.0)
Antiplatelet — no. (%) 160 (64.0)
Anticoagulant — no. (%) 62 (24.8)
ACE inhibitor — no. (%) 76 (30.4)
Calcium antagonist — no. (%) 56 (22.4)
Angiotensin |l-receptor antagonist — 40 (16.0)

no. (%)
Nitrate — no. (%) 20 (8.0)
Diuretic — no. (%) 64 (25.6)

Surgery
7 (14.8
121 (48.4
8(
63 (
92 (

Carotid artery — no. (%) )
)
23.2)
)
)

Abdominal aortic — no. (%)
Open — no. (%)

25.2
36.8

Endovascular — no. (%)

Lower-limb arterial — no. (%)

Placebo
(N=247)

65.8+11.5
178 (72.1)

17.
6 (26.
12.
57.
28.

143

— PP P e ey

©® NN O N
\lkOO’\\IOV
—_ = = = =

247 (100.0)
146 (59.1)
73 (29.6)
73 (29.6)
9 (23.9)
7 (15.0)

23 (9.3)
78 (31.6)

2 (13.0)
115 (46.6)
4(21.9)
61 (24.7)
100 (40.5)

5

Plus—minus values are means +SD. ACE denotes angiotensin-converting

enzyme, COPD chronic obstructive pulmonary disease, and TIA transient

ischemic attack.

val [CI], 0.34 to 0.88; P=0.01) (Fig. 1A). Hence, the
number of patients who would need to be treated
to prevent 1 patient from having myocardial is-
chemia was 12.

SECONDARY OUTCOMES
A total of six patients receiving fluvastatin died,
with four of the deaths due to cardiovascular
causes. In contrast, 12 patients receiving placebo
died, with 8 deaths due to cardiovascular causes.
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Figure 1. Kaplan-Meier Estimates of the Cumulative Probabilities of the Primary and Secondary Outcomes.
During the 30-day period of follow-up after surgery, perioperative myocardial ischemia (the primary outcome) oc-
curred in 27 of the 250 patients (10.8%) in the fluvastatin group and 47 of the 247 patients (19.0%) in the placebo
group (hazard ratio with fluvastatin, 0.55; 95% confidence interval [CI], 0.34 to 0.88; P=0.01). During the 30-day
period of follow-up after surgery, perioperative death from cardiovascular causes or nonfatal myocardial infarction
(the secondary outcome) occurred in 12 of the 250 patients (4.8%) in the fluvastatin group and 25 of the 247 patients
(10.1%) in the placebo group (hazard ratio with fluvastatin, 0.47; 95% Cl, 0.24 to 0.94; P=0.03).
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In addition, 8 patients in the fluvastatin group
and 17 in the placebo group had a nonfatal myo-
cardial infarction. The combined end point of
death from cardiovascular causes or nonfatal myo-
cardial infarction occurred in 12 of 250 patients
(4.8%) receiving fluvastatin, as compared with 25
of 247 (10.1%) receiving placebo. Hence, fluvasta-
tin therapy was associated with a 53% relative re-
duction in the incidence of death from cardiovas-
cular causes or nonfatal myocardial infarction
(hazard ratio, 0.47; 95% CI, 0.24 to 0.94; P=0.03)
(Fig. 1B). The number of patients who would need
to be treated to prevent the composite end point
of death from cardiovascular causes or nonfatal
myocardial infarction in 1 patient was 19.

Baseline lipid levels were similar in the two
groups (Table 2); 253 patients (50.9%) had a base-
line total cholesterol level of less than 5.5 mmol
per liter (213 mg per deciliter) and 194 patients
(39.0%) had a baseline LDL cholesterol level of
less than 3.0 mmol per liter (116 mg per decili-
ter). At the time of surgery, the mean total cho-
lesterol and LDL cholesterol levels were reduced
from the baseline levels by 1.08 mmol per liter
(42 mg per deciliter) (20%) and 0.81 mmol per liter
(31 mg per deciliter) (24%), respectively, in the
fluvastatin group, as compared with 0.21 mmol
per liter (8 mg per deciliter) (4%) and 0.10 mmol
per liter (4 mg per deciliter) (3%), respectively, in
the placebo group (P<0.001 for both comparisons).
Changes in high-density lipoprotein cholesterol
and triglyceride levels were not significant, nor did
they differ significantly between the two study
groups.

The median baseline high-sensitivity C-reactive
protein level was 5.93 mg per liter in the fluva-
statin group and 5.80 mg per liter in the placebo
group (Table 2). At the time of surgery, the median
decrease in the high-sensitivity C-reactive protein
level from the baseline level was 1.27 mg per liter
(21%) in the fluvastatin group, whereas there was
a median increase of 0.20 mg per liter (3%) in the
placebo group (P<0.001). The median interleukin-6
levels at baseline were similar in the fluvastatin
group (8.55 pg per milliliter) and the placebo
group (8.76 pg per milliliter) and by the time of
surgery had decreased by significantly more in the
fluvastatin group (2.80 [-33%]) than in the pla-
cebo group (-0.31 [-4%)]) (P<0.001).

ADVERSE EVENTS
The proportion of patients who had an increase
in creatine kinase of more than 10 times the up-

per limit of the normal range was 4.0% in the flu-
vastatin group and 3.2% in the placebo group
(Table 3). The median peak creatine kinase level
was 141 U per liter in the fluvastatin group and
113 U per liter in the placebo group (P=0.24). The
proportion of patients with an increase in alanine
aminotransferase levels to more than three times
the upper limit of the normal range was 3.2% in
the fluvastatin group and 5.3% in the placebo
group. The median peak alanine aminotransferase
level was 24 U per liter in the fluvastatin group
and 23 U per liter in the placebo group (P=0.43).
There were no reports of myopathy or rhabdomy-
olysis within 30 days after surgery in either study

group.

EXPLORATORY FINDINGS
The relative difference in the incidence of the pri-
mary outcome, perioperative myocardial ischemia,
persisted in exploratory analyses of multiple sub-
groups (Fig. 2). In light of recent concerns about
the safety of perioperative use of beta-blockers, we
also evaluated the incidence of stroke. Three pa-
tients suffered a nonfatal postoperative stroke: two
(0.8%) in the placebo group and one (0.4%) in the
fluvastatin group.

DISCUSSION

In the DECREASE I1I trial, we compared extended-
release fluvastatin, at a dose of 80 mg once daily,
initiated at a median of 37 days before vascular
surgery, with placebo in patients who had not pre-
viously been treated with a statin and who had a
mean total cholesterol level of 5.35 mmol per li-
ter (207 mg per deciliter). We found that fluva-
statin reduced the risk of perioperative myocardial
ischemia. Though the trial was not powered for
this end point, we also found a reduction in the
risk of death from cardiovascular causes or non-
fatal myocardial infarction. Fluvastatin treatment
was associated with significant decreases in se-
rum lipid levels and inflammatory activity (reflect-
ed by a reduction in high-sensitivity C-reactive pro-
tein and interleukin-6 levels).

The pathophysiology of perioperative cardiac
events remains unclear. Autopsy studies suggest
that approximately half of fatal myocardial infarc-
tions in this context are attributable to a sustained
mismatch between myocardial oxygen supply and
demand, whereas coronary-plaque rupture is ac-
countable for the other half.*213 It is thought that
statins might be particularly suitable for reducing
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Table 2. Levels of Lipids and Inflammatory Markers during the Study, According to Study Group.*

Marker Fluvastatin Placebo P Value
At baseline

Cholesterol (mmol/liter)

Total 5.40+1.14 5.30+1.20 0.34
LDL 3.36+1.06 3.26+0.93 0.27
HDL 1.61+0.81 1.53+0.70 0.27
Triglycerides (mmol/liter) 0.67
Median 1.63 1.64
IQR 1.28 t0 2.30 1.07 to 2.32
High-sensitivity CRP (mg/liter) 0.32
Median 5.93 5.80
IQR 2.421010.89 3.00 to 10.40
Interleukin-6 (pg/ml) 0.80
Median 8.55 8.76
IQR 1.26 to 16.59 2.54 to 15.66

At time of surgery

Cholesterol (mmol/liter)

Total 4.32+0.79 5.09+1.16 <0.001
LDL 2.55+0.84 3.16+0.91 <0.001
HDL 1.59+0.53 1.55+0.51 0.40
Triglycerides (mmol/liter) 0.90
Median 1.64 1.62
IQR 1.26 to 2.36 1.18 t0 2.40
High-sensitivity CRP (mg/liter) 0.02
Median 4.66 6.00
IQR 1.99 to 8.83 2.90to 11.90
Interleukin-6 (pg/ml) 0.005
Median 5.75 8.45
IQR 1.00to 11.41 2.28t015.35

Percent change between baseline and surgeryy

Cholesterol (mmol/liter)

Total -20.0+9.6 -3.9+4.6 <0.001
LDL -24.1+11.4 -3.1+6.4 <0.001
HDL -1.2+16.1 1.3+14.8 0.20
Triglycerides (mmol/liter) 0.58
Median 1.0 0
IQR -23.8t032.1 -10.2t0 19.4
High-sensitivity CRP (mg/liter) <0.001
Median -20.5 33
IQR -26.8t0 -12.0 -20.5t0 30.3
Interleukin-6 (pg/ml) <0.001
Median -32.7 -4.2
IQR -42.3t0-21.6 -16.7 t0 10.2

* Plus—minus values are means +SD. To convert values for cholesterol to milligrams per deciliter, divide by 0.02586. To
convert values for triglycerides to milligrams per deciliter, divide by 0.01129. CRP denotes C-reactive protein, HDL high-
density lipoprotein, IQR interquartile range, and LDL low-density lipoprotein.

T The percent change from baseline is the value at the time of surgery minus that at baseline, reflecting the change over
the period of study treatment (median, 37 days).
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Table 3. Adverse Events, According to Study Group.*

Event
Discontinuation of study drug — no. (%)
Temporarily
Permanently
Peak creatine kinase
>10x ULN — no. (%)
Units per liter — median (IQR)
Peak alanine aminotransferase
>3x ULN — no. (%)
Units per liter — median (IQR)
Death — no. (%)
From any cause

From noncardiovascular causes

Fluvastatin Placebo
(N=250) (N=247) P Value
61 (24.4) 54 (21.9) 0.53
16 (6.4) 18 (7.3) 0.73
10 (4.0) 8(3.2) 0.81
141 (77-380) 113 (66-369) 0.24
8(3.2) 13 (5.3) 0.27
24 (17-50) 23 (15-37) 0.43
6 (2.4) 12 (4.9) 0.14
2 (0.8) 4 (1.6) 0.40

* No patients in either group had myopathy or rhabdomyolysis. IQR denotes interquartile range, and ULN the upper lim-

it of the normal range.

the risk of rupture-induced myocardial infarction
by stabilizing unstable coronary plaques. The risk
of plaque rupture is related to two factors: intrin-
sic morphologic features of plaque and extrinsic
forces triggering plaque disruption.** Although
it has been proved that statins are capable of
positively altering morphologic characteristics of
plaque, it appears implausible that this would oc-
cur within a few weeks. However, statins might
play a pivotal role in counteracting the extrinsic
factors causing plaque disruption. The pleiotropic
effects of statins include several plaque-stabiliz-
ing effects, such as increased expression of en-
dothelial nitric oxide synthase, reduced produc-
tion of endothelin-1 and reactive oxygen species,
an improvement of the thrombogenic profile, and
importantly, a reduction in inflammation through
reduced expression of inflammatory cytokines,
chemokines, and adhesion molecules.’>'° We
found that fluvastatin reduced inflammatory ac-
tivity within weeks, even in patients without hyper-
cholesterolemia. Whether the decrease in inflam-
mation is responsible for the beneficial clinical
effects of perioperative statin use is unclear.
Our findings on the perioperative benefits of
statins are in line with those in previous retrospec-
tive studies and one small, double-blind, random-
ized trial involving a total of 100 patients assigned
to either 20 mg of atorvastatin, or placebo, once
a day for 45 days.'” In that trial, vascular surgery
was performed, on average, 31 days after random-

ization. During the 6-month follow-up period,
atorvastatin significantly reduced the incidence of
cardiac events (8%, vs. 26% in the placebo group;
P=0.03). Though the trial was not powered to
assess 30-day postoperative outcomes, there was
a trend suggesting a beneficial effect of statins:
three patients (6%) receiving atorvastatin had non-
fatal myocardial infarction or death from cardio-
vascular causes, as compared with nine patients
(18%) receiving placebo (odds ratio, 0.23; 95% CI,
0.09 to 1.30). Several retrospective studies have
also reported a potential beneficial effect of pe-
rioperative statin use with respect to various car-
diovascular outcomes, with odds ratios for active
treatment ranging from 0.22 to 0.711%11,18:19; the
DECREASE III findings are consistent with these
results. We found no heterogeneity of effect among
patients in subgroups characterized by various
baseline characteristics, including cardiac risk,
cholesterol levels, type of surgery, and levels of
inflammatory markers.

One concern with perioperative statin treatment
is the necessity of treatment interruption when
oral administration is not feasible during the early
postoperative period. Such interruption is poten-
tially hazardous, as sudden withdrawal of statins
in the nonsurgical setting has been associated
with a diminished benefit.2%2* In the present
study, fluvastatin had to be interrupted in approxi-
mately a quarter of the patients for a median of
2 days. However, when the analysis was corrected
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P Value for
Subgroup Fluvastatin (N=250) Placebo (N=247) Hazard Ratio for Event (95% Cl) Heterogeneity
no. of events/no. of patients
Age E
=70 yr 17/112 26/100 —_— 0.78
<70yr 10/138 21/147 —
Type of surgery H 0.24
Open 25/187 39/186 —
Endovascular 2/63 8/61 & :
Baseline high-sensitivity CRP E 0.37
>5.0 mg/liter 19/139 27/136 —_——
<5.0 mg/liter 8/111 20/111 —_
Baseline LDL cholesterol H 0.54
>3.0 mmol/liter 15/148 31/155 —
<3.0 mmol/liter 12/102 16/92 R
Baseline total cholesterol E 0.94
=5.5 mmol/liter 12/122 21/122 —_—
<5.5 mmol/liter 15/128 26/125 —
Cardiac risk H 0.42
Low 0/41 5/57 =
Intermediate 14/155 22/141 —_—
High 13/54 20/49 —
Temporary discontinuation of study drug 1 0.54
Yes 9/61 11/54 —o
No 18/189 36/193 —
All 27/250 47/247 —— 0.01
Ofl 1.0 l(;.O
Fluvastatin Better Placebo Better
Figure 2. Hazard Ratios for the Primary Outcome of Myocardial Ischemia, According to Post Hoc Specified Baseline Characteristics.
Cardiac risk was defined as in the DECREASE Il (Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress Echocardiography Il)
study.” To convert values for cholesterol to milligrams per deciliter, divide by 0.02586. CRP denotes C-reactive protein, and LDL low-den-
sity lipoprotein.
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for baseline characteristics and type of surgery,
we did not find a significant increase in the rate
of adverse outcomes among patients in whom flu-
vastatin was interrupted as compared with those
who continued to receive the drug (odds ratio, 1.1;
95% CI, 0.48 to 2.52). These findings support the
hypothesis that treatment with extended-release
fluvastatin is robust to a gap in therapy of 1 to
2 days after surgery, when oral intake is not yet
feasible.

Recent guidelines from the American College
of Cardiology and the American Heart Associa-
tion (ACC-AHA)?2 and the TransAtlantic Inter-
Society Consensus on the management of periph-
eral arterial disease?? indicate that statin use is
appropriate in patients undergoing vascular sur-
gery, regardless of whether they have other clini-
cal risk factors. These guidelines are based on
retrospective studies; the results of the current
prospective trial confirm these recommendations.

N ENGL ) MED 361;10
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It should also be noted that current guidelines
state that long-term treatment with a statin is in-
dicated in all patients with peripheral arterial dis-
ease.?>2* However, the timing of initiation of sta-
tin therapy has been a matter of debate. The
clinical advisory of the ACC, AHA, and the Na-
tional Heart, Lung, and Blood Institute on the use
and safety of statins suggests that there is an in-
creased risk of statin-associated myopathy during
the perioperative period, indicating that “it may
be prudent to withhold statins” during hospital-
ization for major surgery.>* The results of the
DECREASE III trial suggest that the benefits of
perioperative statin use outweigh the risks and
that long-term statin therapy in patients with pe-
ripheral arterial disease may be prudently initiat-
ed during the perioperative period.

In conclusion, we compared fluvastatin and
placebo in patients undergoing vascular surgery.
Fluvastatin therapy was associated with an im-
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proved postoperative cardiac outcome and a reduc-
tion in serum lipid levels and levels of markers of

inflammation.
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