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BLOOD CHOLESTEROL LOWER-
ing with statins has been re-
garded as a long-term strategy
to reduce death and ischemic

cardiovascular events in patients with
stable coronary heart disease, with sig-
nificant effects evident after approxi-
mately 2 years of treatment.1-3 Previ-
ous trials excluded patients who had
experienced recent unstable angina or
acute myocardial infarction (MI). How-
ever, it is within the early period after
an acute coronary syndrome (ACS) that
patients experience the highest rate of
death and recurrent ischemic events.4,5

To date, it has not been determined
whether initiation of treatment with a
statin soon after an ACS can reduce the
occurrence of these early events.

Recent studies indicate that statins
have salutary physiologic effects within
weeks. In conjunction with lowering to-
tal and low-density lipoprotein (LDL)
cholesterol, statins may improve endo-
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Context Patients experience the highest rate of death and recurrent ischemic events
during the early period after an acute coronary syndrome, but it is not known whether
early initiation of treatment with a statin can reduce the occurrence of these early events.

Objective To determine whether treatment with atorvastatin, 80 mg/d, initiated 24 to
96 hours after an acute coronary syndrome, reduces death and nonfatal ischemic events.

Design and Setting A randomized, double-blind trial conducted from May 1997
to September 1999, with follow-up through 16 weeks at 122 clinical centers in Eu-
rope, North America, South Africa, and Australasia.

Patients A total of 3086 adults aged 18 years or older with unstable angina or non–
Q-wave acute myocardial infarction.

Interventions Patients were stratified by center and randomly assigned to receive
treatment with atorvastatin (80 mg/d) or matching placebo between 24 and 96 hours
after hospital admission.

Main Outcome Measures Primary end point event defined as death, nonfatal acute
myocardial infarction, cardiac arrest with resuscitation, or recurrent symptomatic myo-
cardial ischemia with objective evidence and requiring emergency rehospitalization.

Results A primary end point event occurred in 228 patients (14.8%) in the atorvas-
tatin group and 269 patients (17.4%) in the placebo group (relative risk [RR], 0.84; 95%
confidence interval [CI], 0.70-1.00; P=.048). There were no significant differences in risk
of death, nonfatal myocardial infarction, or cardiac arrest between the atorvastatin group
and the placebo group, although the atorvastatin group had a lower risk of symptomatic
ischemia with objective evidence and requiring emergency rehospitalization (6.2% vs 8.4%;
RR, 0.74; 95% CI, 0.57-0.95; P=.02). Likewise, there were no significant differences be-
tween the atorvastatin group and the placebo group in the incidence of secondary out-
comes of coronary revascularization procedures, worsening heart failure, or worsening
angina, although there were fewer strokes in the atorvastatin group than in the placebo
group (12 vs 24 events; P=.045). In the atorvastatin group, mean low-density lipopro-
tein cholesterol level declined from 124 mg/dL (3.2 mmol/L) to 72 mg/dL (1.9 mmol/L).
Abnormal liver transaminases (.3 times upper limit of normal) were more common in
the atorvastatin group than in the placebo group (2.5% vs 0.6%; P,.001).

Conclusion For patients with acute coronary syndrome, lipid-lowering therapy with
atorvastatin, 80 mg/d, reduces recurrent ischemic events in the first 16 weeks, mostly
recurrent symptomatic ischemia requiring rehospitalization.
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thelial function,6-8 decrease platelet
aggregability and thrombus deposi-
tion,9,10 and reduce vascular inflamma-
tion.11,12 Each of these mechanisms
might be expected to have a favorable
impact in the early period following
an ACS.

The Myocardial Ischemia Reduc-
tion with Aggressive Cholesterol
Lowering (MIRACL) study tested the
hypothesis that treatment with ator-
vastatin (80 mg/d), initiated soon
after presentation with unstable an-
gina or non–Q-wave acute MI, re-
duces the occurrence of early, recur-
rent ischemic events and death.

METHODS
Study Population

The design of the MIRACL study has
been described in detail previously.13 It
was conducted at 122 centers in Eu-
rope, North America, South Africa, and
Australasia. Eligible patients were adults
aged 18 years or older with chest pain
or discomfort of at least 15 minutes’ du-
ration that occurred at rest or with mini-
mal exertion within the 24-hour pe-
riod preceding hospitalization and
represented a change from their usual
anginal pattern. In addition, diagnosis
of unstable angina required evidence of
myocardial ischemia by at least 1 of the
following13: new or dynamic ST-wave
or T-wave changes in at least 2 con-
tiguous standard electrocardiographic
leads, a new wall motion abnormality
by echocardiography, a new and re-
versible myocardial perfusion defect by
radionuclide scintigraphy, or eleva-
tion of cardiac troponin to a level not
exceeding 2 times the upper limit of
normal (ULN). Diagnosis of non–Q-
wave acute MI required elevation of se-
rum creatine kinase or its MB fraction,
or troponin to a level exceeding 2 times
the ULN.

Patients were excluded if the serum
total cholesterol level at screening ex-
ceeded 270 mg/dL (7 mmol/L) (sites in
Poland and South Africa used levels of
310 mg/dL [8 mmol/L]). There was no
lower limit on cholesterol level at en-
try. Patients were excluded if coro-
nary revascularization was planned or

anticipated at the time of screening.
Other exclusion criteria were: evi-
dence of Q-wave acute MI within the
preceding 4 weeks; coronary artery by-
pass surgery within the preceding 3
months; percutaneous coronary inter-
vention within the preceding 6 months;
left bundle-branch block or paced ven-
tricular rhythm; severe congestive heart
failure (New York Heart Association
class IIIb or IV); concurrent treatment
with other lipid-regulating agents (ex-
cept niacin at doses of 500 mg/d), vi-
tamin E (except at doses #400 IU/d),
or drugs associated with rhabdomyoly-
sis in combination with statins; severe
anemia; renal failure requiring dialy-
sis; hepatic dysfunction (alanine ami-
notransferase greater than 2 times
ULN); insulin-dependent diabetes;
pregnancy or lactation.

Study Design
The study was performed in accor-
dance with the ethical principles set
forth in the Declaration of Helsinki
and was approved by local ethics
committees or institutional review
boards. Written informed consent was
obtained from all patients. Between
24 and 96 hours after hospital admis-
sion, eligible patients were randomly
assigned with stratification by center
to double-blind treatment with ator-
vastatin (80 mg/d) or matching pla-
cebo for 16 weeks. Treating physicians
were requested not to perform any
determinations of serum lipid levels in
the local hospital laboratory during
the study period. The protocol did not
restrict or specify any other diagnostic
or therapeutic measures, except as
noted in the exclusion criteria. All
patients received instruction and
counseling to promote compliance
with a National Cholesterol Education
Program Step I diet.14 Patients were
seen in follow-up 2, 6, and 16 weeks
after the initiation of therapy. Labora-
tory testing was performed centrally at
baseline and at 6 and 16 weeks. An
independent data and safety monitor-
ing board reviewed the results of
3 planned interim analyses using
P,.001 for the primary end point

analysis as a statistical stopping guide-
line. On each occasion, continuation
of the study was recommended.

End Points
Patients were monitored for ischemic
events for 16 weeks after randomiza-
tion. All end points were adjudicated by
a committee of 6 cardiologists, who were
blinded to treatment assignment. The
primary combined end point was death,
nonfatal acute MI, cardiac arrest with re-
suscitation, or recurrent symptomatic
myocardial ischemia with objective evi-
dence requiring emergency rehospital-
ization. A blinded core laboratory con-
firmed electrocardiographic entry criteria
and diagnosis of acute MI from electro-
cardiographic and cardiac enzyme data,
using previously published criteria.15

Cardiac arrest with resuscitation and re-
current symptomatic myocardial ische-
mia with objective evidence and emer-
gency rehospitalization were diagnosed
according to previously published cri-
teria.13 The latter diagnosis required both
exacerbation of the patient’s usual symp-
toms and new objective evidence of is-
chemia (electrocardiographic, echocar-
diographic, or scintigraphic) with a
definite change from a comparison study
performed after the index (inclusion) is-
chemic event.13

Secondary end points were the oc-
currence of each primary end point
component as well as nonfatal stroke,
new or worsening congestive heart fail-
ure requiring hospitalization, worsen-
ing angina requiring rehospitalization
but without new objective evidence of
ischemia, coronary revascularization by
surgical or percutaneous means, time
to first occurrence of any primary or
secondary end point, and percentage
changes in blood lipid levels from base-
line to end of study.13 When recurrent
symptomatic ischemia with objective
evidence or worsening congestive heart
failure occurred during the index hos-
pitalization or a subsequent hospital-
ization for another reason, the event was
classified as an end point if the end
point committee judged that the event
would have required rehospitalization
had it occurred outside of hospital.
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Statistical Analysis
The initial sample size requirement was
2100 patients, based on the assump-
tion of 20% occurrence of a primary end
point event among placebo-treated pa-
tients and 14% occurrence among
atorvastatin-treated patients (ie, an av-
erage occurrence of 17% in both treat-
ment groups), 2-sided significance level
of .05, and 95% power.13 Pooled data
(blinded to treatment assignment) from
the first 1260 patients indicated that the
occurrence of primary end points was
13% (ie, 4% less than predicted). Con-
sequently, the steering committee rec-
ommended an increase in sample size
to 3000 patients to maintain 95% power
to detect a 30% relative treatment ef-
fect and 80% power to detect a 25%
relative treatment effect.

The primary combined end point
was analyzed by time of first event,
using a Cox proportional hazards
model16 stratified by country and
inclusion event (unstable angina or
non–Q-wave acute MI). The occur-
rence of each end point was analyzed
using the Cochran Mantel-Haenszel
method,17 stratified by country and
inclusion event. All end point analyses
were performed on an intention-to-
treat basis, with all randomized
patients included in the analyses. Cen-
soring occurred for patients who did
not experience an end point prior to
completing the study as planned or
prior to early withdrawal from the
study. In the case of censoring, the
survival time corresponded to the day
of final study contact. Interaction of
treatment assignment with baseline
demographic and clinical characteris-
tics and baseline lipid levels was
examined. Percent changes from base-
line in blood lipid levels were adjusted
using an analysis of covariance model
with treatment assignment, country,
inclusion event, and baseline value as
covariates. Lipid analyses were per-
formed on a modified intention-to-
treat basis, with all randomized
patients who had both a baseline mea-
surement and at least 1 double-blind
measurement included in the analyses.
The last double-blind measurement

collected after randomization was car-
ried forward for patients who did not
have a lipid measurement at 16 weeks.

The study protocol specified 3 in-
terim analyses of safety and efficacy by
the data safety and monitoring board.
A significance level of P=.001 was used
for each interim analysis, with a sig-
nificance level for the final analysis ad-
justed to P=.049 to preserve to the over-
all type I error rate at P=.05. The testing
of all secondary objectives was done at
the 2-sided P = .05 level of signifi-
cance.

RESULTS
Patients

Between May 1997 and September
1999, 3086 patients were enrolled; 1538
were randomly assigned to receive ator-
vastatin and 1548 to receive placebo
(FIGURE 1). Demographic and clinical
characteristics of the patients as-
signed to the 2 treatment groups were
similar at baseline (TABLE 1). The mean
time between hospitalization for the in-
clusion event and randomization into
the study was 63 hours in both groups.
Information was collected as planned
for all study patients except 8 (0.5%)
in the atorvastatin group and 3 (0.2%)

in the placebo group who were lost to
follow-up. Intended follow-up was 112
days (16 weeks). A patient was consid-
ered lost to follow up if he/she with-
drew early and there was no final fol-
low-up data for the patient or if he/she
was followed up for less than 100 days
without experiencing a primary end
point.

Compliance
Compliance with prescribed study treat-
ment, defined as the number of days
that patients took study medication (de-
termined by last day of study medica-
tion) divided by the number of days of
intended treatment (112 days), was 86%
in the atorvastatin group and 88% in the
placebo group. Treatment was discon-
tinued prematurely in 173 (11.2%) ator-
vastatin-treated patients and 160
(10.3%) placebo-treated patients, a non-
significant difference. Twenty-three pa-
tients in the atorvastatin group and 26
patients in the placebo group were
treated with an open-label lipid-
lowering medication after premature
discontinuation of study medication.
Reasons for premature discontinua-
tion of treatment are indicated in
Figure 1.

Figure 1. Trial Profile

1384  Completed the Study Taking 
Study Medication

1355  Completed the Study Taking 
Study Medication

1548  Assigned to Receive Placebo 1538  Assigned to Receive Atorvastatin

33 Clinical or Laboratory Adverse Events
33 After 100 d

128 Participant or Physician Decision

161 Study Medication Withdrawn
40 Clinical or Laboratory Adverse Events

1 Between wk 2 and 6
39 After 100 d

2 Between wk 2 and 6
1 Between wk 6 and 100 d

132 After 100 d

135 Participant or Physician Decision

175 Study Medication Withdrawn

1 Between wk 0 and 2
1 Between wk 2 and 6

1 Between wk 0 and 2
127 After 100 d

1 Between wk 6 and 100 d

3 Lost to Follow-up
3 Between wk 2 and 6
5 Between wk 6 and 100 d

8 Lost to Follow-up

3086 Randomized

Number of patients screened was not determined. Follow-up information was sought for all patients who were
withdrawn early from the study (prior to the a priori cutoff of 100 days).
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Concurrent Medications
Similar medications were adminis-
tered to patients in the placebo and ator-
vastatin groups, both prior to and af-
ter admission to hospital for the
inclusion ischemic event (TABLE 2). As-
pirin, heparin, nitrates, and b-block-
ers were administered to a majority of
patients; however, platelet glycopro-
tein IIb/IIIa receptor antagonists were
used in only 1% of patients.

Serum Lipid Levels
At the time of randomization, serum
lipid levels were nearly identical in both
groups (FIGURE 2) with mean LDL cho-
lesterol level of 124 mg/dL (3.2 mmol/
L), mean triglycerides level of 184
mg/dL (2.0 mmol/L), and mean HDL
cholesterol level of 46 mg/dL (1.2
mmol/L). At 6 weeks, reductions in to-
tal and LDL cholesterol and triglycer-
ides with atorvastatin were essentially
complete. At the end of the study, LDL
cholesterol had increased by an ad-
justed mean of 12% to 135 mg/dL (3.5
mmol/L) in the placebo group and de-
creased by an adjusted mean of 40% to
72 mg/dL (1.9 mmol/L) in the atorvas-
tatin group. Triglycerides increased by
an adjusted mean of 9% to 187 mg/dL
(2.1 mmol/L) in the placebo group and
decreased by an adjusted mean of 16%
to 139 mg/dL (1.6 mmol/L) in the ator-
vastatin group. Changes in HDL cho-
lesterol during the study were minor in
both groups.

End Point Events
During the 16-week study period, a pri-
mary end point event occurred in 228
patients (14.8%) in the atorvastatin
group and 269 patients (17.4%) in the
placebo group, an absolute difference
of 2.6% (FIGURE 3 and TABLE 3). Ator-
vastatin treatment significantly re-
duced the risk of the primary com-
bined end point (relative risk [RR],
0.84; 95% confidence interval [CI],
0.70-1.00; P=.048). There were no sig-
nificant differences in risk of death,
nonfatal acute MI, or cardiac arrest with
resuscitation between the atorvastatin
group and the placebo group, al-

Table 1. Baseline Characteristics of the Patients

Characteristic

No. (%) of Patients

Placebo
(n = 1548)

Atorvastatin
(n = 1538)

Age, mean (SD), y 65 (12) 65 (12)

Women 528 (34.1) 546 (35.5)

Race
White 1324 (85.5) 1317 (85.6)

Black 44 (2.8) 51 (3.3)

Asian 58 (3.7) 40 (2.6)

Other* 122 (7.9) 130 (8.5)

Geographic region
Australia and New Zealand 85 (5.5) 87 (5.7)

Europe 775 (50.1) 771 (50.1)

North America 519 (33.5) 510 (33.2)

South Africa 169 (10.9) 170 (11.0)

Inclusion event
Unstable angina pectoris 705 (45.5) 726 (47.2)

Non–Q-wave acute myocardial infarction 843 (54.5) 812 (52.8)

Time from hospital admission to randomization,
mean (SD), h

63 (25) 63 (24)

Medical history
Congestive heart failure 122 (7.9) 131 (8.5)

Cerebrovascular disease 136 (8.8) 130 (8.5)

Peripheral vascular disease 139 (9.0) 148 (9.6)

Prior myocardial infarction 392 (25.3) 382 (24.8)

Prior myocardial revascularization
Coronary artery bypass grafting 121 (7.8) 112 (7.3)

Percutaneous transluminal coronary
angioplasty

52 (3.4) 41 (2.7)

Coronary risk factors
Current smoking 430 (27.8) 429 (27.9)

Hypertension 846 (54.7) 843 (54.8)

Diabetes mellitus 373 (24.1) 342 (22.2)

*Predominantly people of mixed race in countries such as South Africa.

Table 2. Concurrent Medications According to Treatment Group

No. (%) of Patients

Prior to
Hospitalization
for Index Event

During or Following
Hospitalization
for Index Event

Placebo
(n = 1548)

Atorvastatin
(n = 1538)

Placebo
(n = 1548)

Atorvastatin
(n = 1538)

Aspirin 275 (17.8) 279 (18.1) 1412 (91.2) 1400 (91.0)

Platelet glycoprotein IIb/IIIa
receptor antagonists

0 0 19 (1.2) 14 (0.9)

Other antiplatelet agents 11 (0.7) 8 (0.5) 176 (11.4) 174 (11.3)

Heparin 6 (0.4) 8 (0.5) 1154 (74.6) 1147 (74.6)

Oral anticoagulants (coumarites) 24 (1.6) 27 (1.8) 129 (8.3) 119 (7.7)

Fibrinolytic agents 0 2 (0.1) 137 (8.9) 109 (7.1)

Nitrates 215 (13.9) 230 (15.0) 1396 (90.2) 1389 (90.3)

b-Blockers 170 (11.0) 162 (10.5) 1200 (77.5) 1192 (77.5)

Calcium-channel blockers 139 (9.0) 125 (8.1) 745 (48.1) 735 (47.8)

Angiotensin-converting enzyme inhibitors
or angiotensin-II receptor blockers

183 (11.8) 187 (12.2) 769 (49.7) 746 (48.5)

Digoxin 55 (3.6) 59 (3.8) 171 (11.1) 182 (11.8)

Lipid-lowering agents 21 (1.4) 7 (0.5) 47 (3.0)* 30 (2.0)*

*After randomization, not including study medication.
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though the atorvastatin group had a
lower risk of recurrent symptomatic
myocardial ischemia with objective evi-
dence requiring emergency rehospital-
ization (RR, 0.74; 95% CI, 0.57-0.95;
P = .02) (Table 3 and FIGURE 4).

There were no significant interac-
tions between treatment assignment
and any of the baseline characteristics
listed in Table 1 or the baseline values
of any of the measured serum lipid lev-
els. In particular, the reduction of pri-
mary ischemic events by atorvastatin
did not appear to depend on the base-
line level of LDL cholesterol. Among pa-
tients who had baseline LDL choles-
terol levels of less than or equal to the
median value of 121 mg/dL (3.1 mmol/
L), primary end point events occurred
in 231 patients (15.0%) in the atorvas-
tatin group and 288 patients (18.6%)
in the placebo group (RR, 0.77; 95% CI,
0.59-0.98). Among patients who had
baseline LDL cholesterol levels greater
than the median value, primary end
point events occurred in 231 patients
(15.0%) in the atorvastatin group and
257 patients (16.6%) in the placebo
group (RR, 0.92; 95% CI, 0.71-1.19).
Moreover, among atorvastatin-treated
patients, there was no significant asso-
ciation between the percentage change
in LDL cholesterol from baseline to end
of study (dichotomized by the median
percentage change) and the occur-
rence of a primary end point event.

There were no significant differ-
ences between groups in the inci-
dence of coronary revascularization
procedures, worsening heart failure,
worsening angina without objective evi-

dence of ischemia occurrence of at least
1 secondary end point, or occurrence
of at least 1 primary or secondary end
point. There were significant differ-
ences between groups for incidence of
nonfatal stroke, which occurred in 9 pa-
tients in the atorvastatin group, com-
pared with 22 patients in the placebo
group (RR, 0.41; 95% CI, 0.20-0.87;
P = .02) and either fatal or nonfatal
stroke, which occurred in 12 patients
in the atorvastatin group, compared
with 24 patients in the placebo group
(RR, 0.50; 95% CI, 0.26-0.99; P=.045).

Safety
No serious adverse event occurred with
a frequency of more than 1% in either
group. Abnormal liver transaminase lev-
els (.3 times ULN) occurred in 38 pa-
tients (2.5%) in the atorvastatin group
and in 9 patients (0.6%) in the pla-
cebo group (P,.001). Three of these
38 patients in the atorvastatin group
were hospitalized with a diagnosis of
hepatitis (elevated liver transaminases
associated in 2 cases with jaundice
and/or fever). In each case these ab-
normalities resolved following discon-
tinuation of the drug. There were no
documented cases of myositis.

The number needed to treat to pre-
vent 1 primary end point event (death,
nonfatal MI, cardiac arrest with resus-
citation, or recurrent symptomatic
myocardial ischemia with objective evi-
dence requiring emergency hospitaliza-
tion) was 38. The number needed to
treat to prevent 1 primary end point
event or nonfatal stroke was 33. The
number needed to treat to cause 1 case

of elevated liver transaminases (.3 times
ULN on 2 determinations) was 53.

COMMENT
In this trial, early treatment with ator-
vastatin 80 mg/d reduced recurrent is-
chemic events over a 16-week treat-
ment period among patients with
unstable angina or non–Q-wave acute
MI. There was a 2.6% absolute reduc-
tion and a 16% relative reduction in the
primary combined end point of death,
nonfatal acute MI, cardiac arrest with
resuscitation, or worsening symptom-
atic myocardial ischemia with objec-
tive evidence and emergency rehospi-
talization.

Our finding that treatment with 80
mg/d of atorvastatin, initiated 24 to 96
hours after an ACS, reduces the risk of

Figure 3. Kaplan-Meier Estimates of Primary
Outcomes
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The relative risk of the composite outcome in the ator-
vastatin group compared with the placebo group was
0.84 (95% confidence interval, 0.70-1.00; P=.048),
based on a Cox proportional hazards analysis. The de-
crease in number at risk at 16 weeks reflects the fact
that many patients completed the study within the days
immediately preceding 16 weeks.

Figure 2. Serum Lipid Levels in Atorvastatin vs Placebo Groups
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respectively, were −37.5 and −34.0 (both P,.001) for total cholesterol; −55.9 and −52.0 (both P,.001) for low-density lipoprotein cholesterol; −0.6 (not significant)
and 1.6 (P=.04) for high-density lipoprotein cholesterol; and −27.5 and −25.0 (both P,.001) for triglycerides.
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recurrent ischemic events extends the
findings of previous studies that used
conventional doses of other statins in

patients with stable coronary heart dis-
ease. In these previous studies, small
differences in event rates were noted in
the early period after randomization,
but 1 to 2 years of treatment were re-
quired before a significant reduction in
cardiovascular events could be docu-
mented.1-3 While the relative benefit of
treatment observed in the present trial
over 16 weeks is less than that ob-
served in the previous trials over peri-
ods of 5 to 7 years, the absolute reduc-
tion in events (2.6%) in the present trial
is greater than that achieved during a
comparable length of time in a stable
population.

This study was not powered to de-
tect differences between treatment
groups in the individual components
of the primary composite end point.
Although, death, nonfatal MI, and car-
diac arrest occurred slightly less fre-
quently in the atorvastatin group than
in the placebo group, the differences in
these end points were not statistically
significant. Most of the intergroup dif-
ference in the combined primary end

point resulted from a reduction in re-
current symptomatic myocardial ische-
mia with objective evidence and emer-
gency rehospitalization (absolute risk
reduction 2.2%; 26% reduction in RR
in the atorvastatin group; P=.02).

The occurrence of stroke was sig-
nificantly reduced in the atorvastatin
group compared with the placebo
group, suggesting that atorvastatin
treatment also may produce beneficial
effects on cerebrovascular events within
16 weeks, although the number of
stroke events in each group was small.

Patients with Q-wave acute MI were
excluded from this study because fac-
tors that are unlikely to be affected by
cholesterol lowering, such as left
ventricular dysfunction, ventricular
arrhythmias, and mechanical compli-
cations represent the major determi-
nants of short-term outcome. Patients
for whom a coronary revasculariza-
tion procedure was planned or antici-
pated at the time of screening were
excluded so that adverse events related
to the procedures or to restenosis after
angioplasty would not complicate
assessment of the effect of atorvastatin
treatment. The effects of atorvastatin for
these groups of patients are unknown.

Despite a low rate of revasculariza-
tion, patients in our trial experienced
a similar incidence of death and non-
fatal acute MI as patients in another
large, contemporary trial of ACSs.5 In
comparing event rates among trials, it
is noteworthy that our trial did not in-
clude as end points events that oc-
curred during the median 63-hour pe-
riod between hospital admission and
randomization.

In this study, the benefit of treat-
ment with 80 mg/d of atorvastatin was
observed in a population with a mean
baseline LDL cholesterol level of 124
mg/dL (3.2 mmol/L). While this cho-
lesterol level may have been slightly de-
creased by the acute coronary event, as
suggested by the subsequent increase
in LDL cholesterol in the placebo group
to a mean level of 135 mg/dL (3.5
mmol/L) at the end of the study, this
level is lower than the mean baseline
LDL cholesterol levels in the 3 previ-

Table 3. Occurrence of Primary and Secondary Outcome Events*

Event

No. (%) of Patients

RR (95% CI)†
Placebo

(n = 1548)
Atorvastatin
(n = 1538)

Primary Outcome

Death and/or nonfatal acute MI 169 (10.9) 155 (10.1) 0.92 (0.75-1.13)

Death 68 (4.4) 64 (4.2) 0.94 (0.67-1.31)

Nonfatal acute MI 113 (7.3) 101 (6.6) 0.90 (0.69-1.16)

Resuscitated cardiac arrest 10 (0.6) 8 (0.5) 0.82 (0.33-2.06)

Recurrent symptomatic myocardial ischemia
with objective evidence and emergency
rehospitalization

130 (8.4) 95 (6.2) 0.74 (0.57-0.95)

Any outcome 269 (17.4) 228 (14.8) 0.84 (0.70-1.00)‡

Secondary Outcome

Stroke
Fatal and nonfatal 24 (1.6) 12 (0.8) 0.50 (0.26-0.99)

Nonfatal 22 (1.4) 9 (0.6) 0.41 (0.20-0.87)

Coronary revascularization 250 (16.1) 254 (16.5) 1.02 (0.87-1.20)

Percutaneous coronary intervention 143 (9.2) 150 (9.8) 1.06 (0.85-1.32)

Surgical 110 (7.1) 106 (6.9) 0.97 (0.75-1.25)

Worsening angina without new objective
evidence of ischemia

106 (6.8) 91 (5.9) 0.86 (0.66-1.13)

New or worsening congestive heart failure
requiring rehospitalization

43 (2.8) 40 (2.6) 0.94 (0.62-1.43)

Any outcome 344 (22.2) 344 (22.4) 1.01 (0.88-1.15)

Any primary or secondary outcome 475 (30.7) 450 (29.3) 0.95 (0.86-1.06)

*RR indicates relative risk; CI, confidence interval; and MI, myocardial infarction.
†The RRs (95% CIs) are based on Cox Mantel-Haenszel analysis.
‡Based on Cox proportional hazards analysis.

Figure 4. Risk Ratio Plot
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Death, nonfatal acute myocardial infarction, and re-
suscitated cardiac arrest were not significantly re-
duced in the atorvastatin group compared with the
placebo group. Recurrent symptomatic myocardial is-
chemia with objective evidence and requiring urgent
rehospitalization was significantly reduced in the ator-
vastatin group compared with the placebo group (rela-
tive risk, 0.74; 95% confidence interval, 0.57-0.95).
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ous long-term trials of statins in pa-
tients with coronary heart disease (139-
188 mg/dL [3.6-4.9 mmol/L]).1-3

Moreover, the benefit of atorvastatin in
our study did not appear to depend on
baseline LDL cholesterol levels or base-
line levels of other lipid fractions. This
is consistent with subgroup analysis of
one18 but not another2 long-term study
of a statin in patients with average LDL
cholesterol levels. In our study, it is pos-
sible that the finding is related to more
serious illness and therefore greater
acute phase decreases of serum lipo-
protein levels among patients with
lower baseline lipid levels. Nonethe-
less, the observation suggests that the
decision to initiate intensive lipid-
lowering therapy after an ACS should
not necessarily be influenced by se-
rum lipid levels at the time of the event.

Despite relatively low baseline levels
of LDL cholesterol in our study, 16
weeks of atorvastatin treatment pro-
duced a further reduction to a mean level
of 72 mg/dL (1.9 mmol/L), a level lower
than that achieved with active treat-
ment in the Scandinavian Simvastatin
Survival Study (4S),1 Cholesterol and Re-
current Events trial (CARE),2 or Long-
Term Intervention with Pravastatin in
Ischaemic Disease (LIPID) trial.3 Some
available evidence suggests that greater
LDL cholesterol lowering (with higher
doses of a statin) results in greater re-
duction of ischemic cardiovascular
events than moderate LDL cholesterol
lowering (with lower doses of a statin).19

In the present trial, we were able to test
the effects of 1 dose of atorvastatin. We
chose the 80-mg dose to produce a large
average reduction in serum cholesterol
levels. Our data do not allow us to de-
termine if a lower dose of atorvastatin,
or gradual dose titration to a predeter-
mined LDL cholesterol level, would
achieve similar benefits.

The sample size for this trial was de-
termined on the basis of an expected
25% to 30% reduction of primary end
points in the atorvastatin group com-
pared with the placebo group. There-
fore, the trial had lower power to de-
tect the actual reduction of 16%,
resulting in a marginally significant P

value for the primary efficacy analysis.
These results suggest a need for further
trials of statins in ACSs and may be help-
ful in determining the sample size of
such trials.

Atorvastatin was generally well tol-
erated in this patient population. There
were no documented cases of myosi-
tis, which is the most serious adverse
effect of statins. Levels of serum trans-
aminases exceeding 3 times the ULN
were detected in 2.5% of atorvastatin-
treated patients and 0.6% of placebo-
treated patients.

In conclusion, the results of this trial
indicate that treatment with 80 mg/d of
atorvastatin, initiated during the acute
phase of unstable angina or non–Q
wave acute MI, reduces the risk of early,
recurrent ischemic events, primarily re-
current symptomatic ischemia requir-
ing hospitalization.
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RESEARCH LETTER

Laboratory Containment of Wild Poliovirus

To the Editor: A recent Medical News and Perspectives story
reports that the global effort to eradicate poliovirus is 99% com-
plete.1 However, attention recently has been drawn to poten-
tial problems with global eradication,2 including reintroduc-
tion of wild virus into a country free of circulating wild virus,
reversion of the vaccine strain to a more neurotropic form of
the virus and subsequent infection with this reverted strain,
persistence of the virus in the environment, and failure to main-
tain adequate immunization levels.

Another theoretical possibility is the escape of wild virus from
the laboratory. The last documented case of smallpox in the
world was due to a laboratory infection3 and this could hap-
pen with poliovirus. Being aware of this possibility, the World
Health Organization (WHO) has developed a framework for
the laboratory containment of wild poliovirus and materials that
may be potentially infectious for wild poliovirus.4 However, re-
cent experience in Australia suggests that the process of labo-
ratory containment will not be easy, at least for some coun-
tries, and may represent another impediment to global polio
eradication.

Methods. We began implementation of the laboratory con-
tainment of wild poliovirus in February 2000, adapting the sug-
gested approach of the WHO.5 We identified almost 2200 or-
ganizations in Australia that may have maintained a laboratory
storing biological materials and, by a series of surveys, deter-
mined that 719 of these organizations stored biological mate-
rials for more than 4 weeks. However, only 18 (3%) indicated
that they stored wild poliovirus or potentially infectious ma-
terials.

Results. Over a period of 5 months, the response to our se-
ries of surveys was disappointing. Of the 2200 organizations,
347 (16%) did not respond to initial questions about main-
taining a laboratory and storing biological materials. A further

288 did not respond to a series of questions to determine whether
these materials included wild poliovirus or potentially infec-
tious materials. Another 18 laboratories indicated that they
stored wild poliovirus or potentially infectious materials, but
only 4 (22%) provided a final inventory of them. Of all the or-
ganizations identified, 30% had not responded or had re-
sponded inadequately to the surveys by December 2000, de-
spite numerous reminder and prompt telephone calls from staff
of a call center that operated for 8 weeks from August to Oc-
tober 2000.

Comment. The containment process adopted in Australia de-
pends on the goodwill of laboratory management and staff. There
are no incentives or penalties associated with completion of
the surveys and no responses were validated. It is likely that
other countries will experience similar problems in establish-
ing national inventories of wild poliovirus and potentially in-
fectious materials. These difficulties will add to others re-
cently highlighted and may affect the confidence with which
the world can be certified free of wild poliovirus.
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CORRECTION

Incorrect Numbers: The Original Contribution entitled “Effects of Atorvastatin on
Early Recurrent Ischemic Events in Acute Coronary Syndromes: The MIRACL Study:
A Randomized Controlled Trial” published in the April 4, 2001, issue of THE
JOURNAL (2001;285:1711-1718) contained some incorrect numbers. On page 1715,
in the first full paragraph in column 1, the third and fourth sentences should be re-
placed with: “Among patents who had baseline LDL cholesterol levels of less than
or equal to the median value of 121 mg/dL (3.1 mmol/L), primary end point events
occurred in 113 (15.0%) of 752 patients in the atorvastatin group and 136 (18.7%)
of 729 patients in the placebo group (RR, 0.77; 95% CI, 0.59-0.98). Among pa-
tients who had baseline LDL cholesterol levels greater than the median value, pri-
mary end point events occurred in 109 (15.0%) of 726 patients in the atorvastatin
group and 124 (16.6%) of 749 patients in the placebo group (RR, 0.92; 95% CI,
0.71-1.19). One hundred thirty patients did not have a complete set of baseline lipid
measurements by the central laboratory and are not included in this analysis.”
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