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It takes COURAGE
to alter our belief system

POINT

To a man with a hammer, a lot of things look like
nails that need pounding.

—Attributed to Mark Twain

HE CLINICAL OUTCOMES UTILIZING
REVASCULARIZATION AND AGGRESSIVE

DRUG EVALUATION (COURAGE) trial,1 in
which I was the co-principal investigator,
was designed to determine whether percuta-
neous coronary intervention (PCI) coupled
with optimal medical therapy reduces the
risk of death or nonfatal myocardial infarc-
tion (MI) in patients with stable coronary
artery disease, as compared with optimal
medical therapy alone. Such a “strategy trial”
had never been conducted since the advent
of angioplasty in 1977.

See the accompanying introduction by Dr. Deepak
Bhatt on page 618 and the “counterpoint” article by
Dr. Dean Kereiakes on page 637.

We found that, as an initial management
strategy in patients with stable coronary artery
disease, PCI did not reduce the incidence of
death, MI, or other major cardiovascular
events when added to optimal medical
therapy.

Not surprisingly, these results have
prompted intense introspection, dialogue, dis-
course, and controversy since their publica-
tion in March 2007. Why has COURAGE
become such a lightning rod for believers and
skeptics?

■ DOES COURAGE
TELL US ANYTHING NEW?

Some state that COURAGE tells us little that
is novel or surprising. Not so. This trial has
added important scientific information on a
topic on which little had been published: the
role of PCI in reducing long-term “hard” clin-
ical events (ie, death or MI) in patients with
chronic stable angina —a group that includes
millions of patients worldwide.

Before COURAGE, the randomized, con-
trolled trials (N = 11) that prospectively
addressed the benefit of PCI vs medical thera-
py included fewer than 3,000 patients, most of
them at low risk.2 Excluding the second
Randomised Intervention Treatment of
Angina (RITA-II) trial,3 with 1,018 patients,
the remaining 10 randomized controlled trials
involved fewer than 1,950 patients.4–13

Given this paucity of prospective data,
it is scientifically unsound to assert that
COURAGE merely tells us what we
already know, particularly considering that
tens of millions of patients worldwide with
stable coronary artery disease have under-
gone PCI electively for chronic angina
over the past 30 years. Because PCI in such
patients has become so commonplace, and
because the data in support of a durable
clinical benefit beyond mere angina relief
are so sparse, undertaking the COURAGE
trial to address the important issue of prog-
nostic benefit is of immense scientific
importance.

In reality, the COURAGE results are not
that surprising—but not for the reasons many
cite.

T
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■ PCI PROVEN BENEFICIAL IN MI, BUT NOT
IN STABLE CORONARY ARTERY DISEASE

Advances in our understanding of the patho-
physiologic basis for acute coronary syndromes
and the important role that plaque rupture or
fissure plays in the genesis of MI clearly indi-
cate that non-flow-limiting coronary stenoses
are the principal progenitors of most “hard”
clinical events.14–16 We now know that coro-
nary occlusion following plaque rupture or fis-
suring is an emergency that cannot be opti-
mally managed pharmacologically. Abundant
data from clinical trials show that urgent or
emergent PCI in patients with ST-segment-
elevation MI or high-risk non-ST-segment-
elevation MI reduces the rates of death or sub-
sequent MI.17–22 The COURAGE trial does
not challenge this fact.

However, performing elective PCI in
patients with chronic angina and stable coro-
nary artery disease is virtually identical proce-
durally to that performed in patients with
acute coronary syndromes. Thus, many have
accepted the broader premise that PCI would
confer a more durable clinical benefit (ie,
beyond angina relief or improved exercise per-
formance) in patients with chronic angina
and stable coronary artery disease as well. This
belief system is rooted in a scientifically plau-
sible clinical construct that dilating one or
more flow-limiting coronary stenoses would be
inherently superior to an approach that
involved only pharmacologic and lifestyle
interventions, but this premise was unproven.
Thus, the hypothesis that we tested in
COURAGE—that PCI, coupled with optimal
medical therapy, would be superior to optimal
medical therapy alone.

■ THE RATIONALE FOR
THE COURAGE DESIGN

In interpreting the results of the COURAGE
trial, we must understand the historical con-
text in which it was designed.

COURAGE was initially conceived in
1996, when intracoronary stenting was still in
its infancy, and only one PCI trial,4 comparing
balloon angioplasty vs medical therapy in 212
patients with single-vessel coronary artery dis-
ease, had been published.

Other relatively small trials followed, but
only RITA-II3 compared the long-term out-
comes (mean 2.7 years) of PCI (balloon angio-
plasty) and medical therapy, with death or MI
as the primary outcome measure. Although
the outcomes were worse with angioplasty,
most physicians felt that the results were not
clinically meaningful, given that PCI contin-
ued to evolve and stents came into widespread
use.

Of note, in all the randomized clinical tri-
als before COURAGE, medical therapy was
configured in apposition to PCI, not as part of
a comprehensive, additive systemic-plus-focal
management strategy. COURAGE was
uniquely designed with a goal of advancing a
novel and contemporary treatment paradigm
that PCI coupled with optimal medical therapy
would be superior to optimal medical therapy
alone in reducing a composite clinical end
point of death or MI in patients with chronic
stable angina undergoing largely elective PCI.

Why superior? Several prominent inter-
ventional cardiologists in the United States
helped plan the COURAGE trial, and they
were unanimous that a superiority design was
the most scientifically appealing and in keep-
ing with prevailing clinical practice philoso-
phy. They concurred that an “equivalence
design” would be inherently weaker and
viewed with skepticism by the interventional
community, who might interpret such a design
as subterfuge for a hidden agenda to under-
mine PCI. Thus, both academic and practic-
ing cardiologists were united in the belief that
such a superiority design trial was most worthy
of prospective scientific study.

■ STRENGTHS AND LIMITATIONS
OF THE COURAGE TRIAL

What are the strengths and limitations of the
COURAGE trial, and what have been the
principal reasons for disagreement in inter-
preting the results? I will attempt to address
these issues and concerns systematically.

Both groups received
optimal medical therapy
Unlike earlier studies that used only modest
anti-ischemic therapy as the comparator or, as
in the Atorvastatin Versus Revascularization
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Treatment (AVERT) trial,5 used high-dose
statin therapy only in the medical therapy
group but not in the PCI-treated patients,
COURAGE used aggressive therapy with
drugs (aspirin, beta-blockers, angiotensin-
converting enzyme inhibitors, statins) that
had been proven to be of clinical benefit in
individual randomized, placebo-controlled
trials. Importantly, in COURAGE, these
agents were used together in both the PCI
group and the optimal medical therapy group
so as not to deprive the PCI group of the
known benefits of intensive secondary pre-
vention.

No other trial had ever attempted such
comprehensive treatment in coronary
patients, nor had any trial ever attempted to
incorporate guideline-driven best practices to
achieve and maintain multiple treatment tar-
gets during long-term follow-up.

COURAGE assessed ‘hard’ end points
We chose the primary outcome measure of
death or MI, with long-term follow-up, since
such a composite end point was also the
benchmark used in the earlier trials of coro-
nary artery bypass graft surgery vs medical
therapy in the 1970s and 1980s.23,24 Most
clinical decisions about adopting various
treatments in medical practice are predicated
on demonstrating efficacy in such robust end
points, and the decision to use a “hard” clini-
cal outcome composite was in keeping with
historical standards of trial design.

MI was rigorously defined
Another strength of the trial (frequently mis-
perceived by its critics) is how MI was defined.

Contrary to statements that there was a
single biomarker definition for MI and that
any periprocedural elevation of the creatine
kinase-MB fraction (CK-MB) qualified as an
MI and therefore counted in the primary out-
come, we defined MI in three ways:
• Spontaneous MI required a CK-MB level

of at least 1.5 times the upper limit of nor-
mal or a troponin level of at least 2.0
times the upper limit of normal.

• Peri-PCI MI required an CK-MB value of
at least 3.0 times the upper limit of nor-
mal or a troponin value at least 5.0 times
the upper limit of normal.

• Perioperative MI (after coronary artery
bypass grafting) required an MB-CK or
troponin elevation of at least 10.0 times
the upper limit of normal.
All cases of suspected MI required signs

and symptoms of an acute ischemic syndrome
along with the above abnormal biomarkers to
qualify as a “COURAGE MI.”1

Even when we excluded periprocedural
MI from the primary end point, there was no
significant difference in outcomes between
the PCI and optimal medical therapy groups.1

A limitation:
Population was not as diverse as hoped
COURAGE was a large trial and was carried
out in US Department of Veterans Affairs
(VA) hospitals, non-VA US hospitals, and
Canadian hospitals. We wanted the patient
population to be heterogenous in terms of
geographic location, ethnicity, clinical char-
acteristics, and health care systems, so as to be
broadly representative of clinical practice.

We expected that one-third of patients
would be from VA sites, one-third from non-
VA US  sites, and one-third from Canadian
sites. However, ultimately only 17% of
COURAGE patients were from non-VA US
sites, presumably because of: a) a deep-seated
belief that favored the presumed superiority of
PCI in such patients who were trial-eligible;
b) pressure from referring or treating physi-
cians that failure to provide PCI to patients
with symptomatic coronary heart disease con-
stituted inferior management; or c) medical-
legal concerns surrounding the risk for poten-
tial litigation in not performing PCI on
patients with flow-limiting stenoses.

This pattern of recruitment, together with
low numbers of women (15%) and nonwhite
patients (14%), was the most significant trial
limitation.

Quality of life measured
A particularly important design feature and
strength of COURAGE was that prospective
health status assessment using the Seattle
Angina Questionnaire (SAQ) and Short
Form-36 instruments was imbedded in the
trial proper and represents the most compre-
hensive approach to quantifying patient-cen-
tered outcomes ever undertaken in a large
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strategy trial of coronary heart disease man-
agement. These quality-of-life data will permit
unique and unparalleled opportunities to cor-
relate patient-centered outcomes (eg, symp-
toms, physical functioning, and other health
status domains) with clinical outcomes during
long-term follow-up. Additionally, detailed
measures of cost-effectiveness and resource
utilization will permit rigorous and compre-
hensive prospective assessment of the health
economic implications of the PCI plus opti-
mal medical therapy vs optimal medical ther-
apy management strategies in a manner never
before attempted or undertaken in a large-
scale clinical trial.

New therapies adopted during trial
By design, we decided to adopt therapeutic
advances that would become accepted into
clinical practice (or that would result in mod-
ifications in the American College of
Cardiology/American Heart Association
treatment guidelines) during the trial.
Examples:
• New drugs that were approved after

COURAGE was launched in mid-1999,
such as ezetimibe (Zetia) and extended-
release niacin

• New uses for existing drugs, such as clopid-
ogrel (Plavix) for acute coronary syn-
dromes and for standard post-PCI treat-
ment for up to 12 months

• More aggressive management of low-den-
sity lipoprotein cholesterol (LDL-C), with
an optional target of less than 70 mg/dL in
patients at high risk.
Even before the major lipid trials that

altered clinical practice were published,24–26

the COURAGE protocol called for an aggres-
sive LDL-C target of 60 to 85 mg/dL.
Secondary lipid targets were a high-density
lipoprotein cholesterol value greater than 40
mg/dL and triglycerides less than 150 mg/dL.

Undoubtedly, these design features con-
tributed to the clinical benefits achieved with
optimal medical therapy.

Would drug-eluting stents
have changed the outcomes?
Drug-eluting stents were not approved by the
US Food and Drug Administration until
about 6 months before the end of enrollment,

and their manufacturers repeatedly denied
our efforts to acquire them for use in
COURAGE.

If we had been able to use more drug-elut-
ing stents, the angina-free outcomes in the
PCI group might have been even better, and
the incidence of repeat revascularization (21%
during a median of 4.6 years) might have been
even lower. On the other hand, several ran-
domized trials27–32 found no evidence that
drug-eluting stents are superior to bare metal
stents in reducing the rates of death or MI. In
fact, in a large Swedish registry,32 the mortali-
ty rate was significantly higher with drug-elut-
ing stents.

Accordingly, there is little reason to sus-
pect that drug-eluting stents would have
altered the primary outcome in COURAGE.

Did COURAGE have enough
statistical power?
COURAGE has been criticized as being
“underpowered” for the primary outcome mea-
sure of death (from any cause) or MI.

When COURAGE was designed, few
studies could be used for statistical modeling
to predict event rates. Because we designed
COURAGE to include mostly patients with
symptoms of persistent angina (88% had angi-
na at baseline), and further required objective
findings of myocardial ischemia at baseline
with either new resting ST-segment shifts or
objective evidence of inducible ischemia
(95% met these criteria), and, of importance,
required that there be 70% or greater stenosis
of a major epicardial coronary artery by visual
assessment in all patients, we reasoned that
these rigorous inclusion criteria defined a pool
of patients at moderate to high risk with
chronic angina and stable coronary artery dis-
ease, and we estimated the event rates accord-
ingly.33

Additionally, when the American College
of Cardiology and the European Society of
Cardiology revised their definition of MI in
2000 and established troponin elevations as
the new gold standard for myocardial necrosis,
the COURAGE Executive Committee and
Data Safety Monitoring Board recommended
that troponin-positive acute coronary syn-
dromes be included as part of the primary out-
come measure in the trial. This, combined

All patients in
COURAGE were
treated
aggressively to
multiple
medical targets
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with a decision to extend enrollment by 18
months and follow-up by 6 months, resulted in
a revised sample size of 2,270 as the minimum
required to address the above hypothesis with
85% power.33

While the overall number of primary
events during a median of 4.6 years of follow-
up was lower than projected, other recent
large trials have also had lower-than-project-
ed event rates,34,35 and are likely a reflection
of the clinical benefits associated with inten-
sive medical therapy used in contemporary
trials.

Speculative post hoc power calculations
are largely inappropriate and counterproduc-
tive, particularly since the Kaplan-Meier life-
table curves for the primary outcome measure
of death or MI were virtually superimposable
for the two randomized groups over the initial
4.5 years of follow-up (hazard ratio 1.05, 95%
confidence interval [CI] 0.87–1.27), meaning
that there is a 95% chance that the true ben-
efit/harm (of which the point estimate report-
ed lies in the middle) is within the range cited.
Viewed from the opposite perspective, the
95% CI excludes a potential benefit of PCI of
greater than 13%—ie, there is only a 5% prob-
ability that the absolute risk reduction of PCI
is no greater than 2.47% (4.6-year median
death/MI rate for PCI = 0.19 × 0.13 =
0.0247).1 This means it is exceedingly unlike-
ly that we missed a true PCI benefit.

■ COURAGE PATIENTS WERE
AT MODERATE TO HIGH RISK

Some have stated that the COURAGE
patients were at low risk and that the event
rates were low over the course of follow-up.
However, little evidence supports either con-
tention.

At baseline, 34% of the COURAGE
patients had diabetes, 71% had dyslipidemia,
67% had hypertension, 29% were current
smokers, 39% had prior MI, and 26% had
undergone previous revascularization.36 Their
mean body mass index was 30 kg/M2, and
approximately 60% met the current definition
of metabolic syndrome. Most (58%) were in
Canadian Cardiology Society anginal class II
or III, and 30% were in class I (12% had
asymptomatic myocardial ischemia).

The mean number of anginal episodes per
week was 6, while the median was 3. (We orig-
inally reported36 that the mean number of
anginal episodes per week was 10, but this
value was incorrect, and an erratum is in press
in the American Journal of Cardiology.) Thus,
there is no evidence that there were two dis-
tinct patient subpopulations in COURAGE,
or that there was a higher crossover rate in a
more symptomatic subset of the overall study
group.

A total of 95% of patients underwent
ischemia testing, and of those who underwent
myocardial perfusion scintigraphy, two-thirds
had multiple reversible perfusion defects and
the remaining one-third had a single reversible
perfusion defect. Almost 70% of patients had
multivessel coronary artery disease (≥ 70%
diameter stenosis estimated visually). Left
anterior descending coronary disease was com-
mon, being present in 37% in the medical
therapy group and 31% in the PCI group (a dif-
ference that was statistically significant).

Together, these findings signify that the
patients had considerable symptoms at base-
line, appreciable clinical comorbidity, a high
prevalence of objective evidence of myocar-
dial ischemia, and extensive angiographic
coronary artery disease.1,36 These are the very
features that would characterize the type of
patient (at moderate to high risk) who would
be expected to benefit from PCI.

The rate of death or MI at a median 4.6
years of follow-up was approximately 19% in
both groups (4.13% per year), and the rate of
death, MI, or stroke was approximately 20%
(4.35% per year). These rates clearly show
that COURAGE patients were at moderate to
high risk, not low risk.

■ SUBGROUP ANALYSES CAN GO TOO FAR

The outcomes of PCI in COURAGE (espe-
cially in the VA and Canadian hospitals) have
been repeatedly portrayed as being discordant
with and of lower quality than contemporary
US clinical practice.

However, none of the eight prespecified
subgroups showed any significant benefit from
PCI, and the interaction P value for all com-
parisons was likewise nonsignificant across
health care sectors. While point estimates for

None of the 8
prespecified
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significant
benefit from
PCI
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the primary end point appear to favor PCI in
women (n = 338) and non-VA US patients (n
= 387), the 99% CIs for both comparisons
breach the unity boundary and thus are not
statistically significant. Attempts to perform
post hoc chi-square assessments in these two
subgroups on the basis of the point estimates
alone is statistically inappropriate and,
because these two subsets have the smallest
number of patients among the predefined
covariates, efforts to overinterpret such very
small subgroups are inherently unstable and
statistically unreliable.

The angiographic outcomes of PCI in
COURAGE compare favorably with those of
previously published stent trials.27–32

Although some suggest that outcomes of PCI
were worse in the VA and Canadian sites, no
data support this claim. Rates of angiographic
success were nearly identical across health
care systems, as was the acuteness of disease.
Furthermore, at baseline, the patients at the
non-VA US sites had lower rates of diabetes,
hypertension, smoking, prior MI, and prior
revascularization than VA patients,36 and
thus were at lower risk overall. Because the
subset of non-VA US patients was so small,
perceived differences in clinical outcomes
between the PCI and optimal medical therapy
groups may reflect merely the play of chance
or a type II error. 1

■ ‘INCOMPLETE REVASCULARIZATION’
MISSES THE POINT

Among the 94% of COURAGE PCI patients
who received stents, 59% received one stent
and 41% received two or more stents. Because
69% of the patients had significant multives-
sel coronary artery disease at angiography, the
discordance between this percentage and the
41% multiple stent usage rate has been inter-
preted by some as a manifestation of “incom-
plete revascularization,” which in turn is cited
as a potential explanation of why PCI was not
beneficial.

COURAGE tested a strategy of routine,
anatomically driven PCI plus optimal medical
therapy vs a strategy of selective, ischemia-
driven PCI if initial optimal medical therapy
failed. As such, COURAGE was not designed
or undertaken to compare “complete” vs

“incomplete” revascularization, as the investi-
gators and operators were encouraged to per-
form PCI on the culprit lesion or lesions that
were deemed to be causing the chronic coro-
nary syndrome. While a core angiographic
laboratory did subsequently assess angiograph-
ic and operator success using quantitative
coronary angiography (another strength of
the trial), all decisions regarding PCI usage in
the trial were clinically directed by the site
investigator/operator using standard visual
angiographic assessments.

A preliminary analysis from the Coronary
Angiography Core Laboratory (personal com-
munication: G.B. John Mancini, MD) has
been undertaken to address this concern and,
excluding the subset of patients with chronic
total occlusion in whom PCI was not
attempted (presumably for sound clinical rea-
sons, such as vessels that were chronically
totally occluded subtending nonviable
myocardial segments, or absent regional wall
motion), approximately 84% of COURAGE
patients with a coronary stenosis of 70% or
greater (determined by quantitative coronary
angiography) achieved complete revascular-
ization (one-, two-, or three-vessel disease
before PCI converted to “0-vessel disease”),
and 8% achieved “partial revascularization”
(two- or three-vessel disease converted to
one- or two-vessel disease), indicating an
overall high rate of successful revasculariza-
tion of stenotic coronary arteries that were
amenable to PCI.

There were also no differences in success
rates across health care systems. There is no
evidence that the quality of PCI as performed
in COURAGE, or the achievement of high
levels of revascularization in the majority of
patients with multivessel coronary artery dis-
ease, fell below the accepted standard
achieved in real-world contemporary clinical
practice.

■ IMPORTANCE OF ACHIEVING
MEDICAL TREATMENT TARGETS

The achievement in COURAGE that is per-
haps the most important and least controver-
sial is the impact that intensive medical ther-
apy and lifestyle intervention had on miti-
gating clinical events in both treatment

COURAGE does
not tell us to
delay or defer
primary PCI for
ST-segment-
elevation MI or
for high-risk
acute coronary
syndromes
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groups during long-term follow-up. While
many have attempted to portray COURAGE
as a battle between management strategies in
stable coronary patients with chronic angina,
the most pivotal take-home message is that
optimal medical therapy as an initial manage-
ment strategy in such patients is both safe and
effective.

The COURAGE results do not indicate
that PCI is ineffective or inappropriate as an
initial management strategy in stable coronary
disease; they show that PCI is not the only
viable and clinically defendable initial strategy
and that optimal medical therapy alone may be
suitable and appropriate for many patients
(and physicians) who may decide to defer PCI
until after an assessment of the efficacy of opti-
mal medical therapy can first be made.

Of importance: COURAGE does not tell
us to delay or defer primary PCI for ST-seg-
ment-elevation MI or for high-risk acute coro-
nary syndromes.

COURAGE does indicate that optimal
medical therapy has evolved at a level com-
mensurate with catheter-based revasculariza-
tion over the last decade and that risk reduc-
tion and optimal medical therapy need to be
central tenets of optimal patient manage-
ment to prevent subsequent plaque rupture
and its consequences (ie, death, MI, or hos-
pitalization for acute coronary syndromes) in
patients with stable coronary artery disease,
regardless of the decision to undertake or
defer PCI.

While the optimal medical therapy in
COURAGE, with its remarkable benefits,
has been almost universally praised, some
have tried to downplay the results as being
too difficult to achieve in the real world of
clinical practice. On the contrary, we should
make optimal medical therapy a goal for the
millions of patients worldwide who can reap
the sustained benefits of clinical event
reduction.

Recently, Kaul et al,37 in a provocative
position paper on the future directions of stent-
ing, advocated several evidence-based propos-
als, including a renewed emphasis on medical
therapies with proven long-term benefit,
kinetic modeling to estimate long-term out-
comes of therapies based on the available near-
term data, and restructuring of reimbursement

incentives to encourage wider use of evidence-
based clinical management strategies.

■ IMPLICATIONS FOR CLINICAL PRACTICE

Coronary artery disease is fundamentally a sys-
temic problem that requires systemic treat-
ment. Flow-limiting lesions cause angina and
ischemia but may not necessarily be the
lesions predisposing to death, MI, and acute
coronary syndromes. Optimal medical therapy
is directed toward stabilizing so-called vulner-
able plaques that are frequently mild angio-
graphically and nonobstructive.

Therefore, optimal medical therapy
should be the preferred therapeutic
approach to reducing clinical events in
patients with chronic coronary syndromes,
used in a complementary manner with focal
revascularization approaches directed
toward angina and ischemia relief, if need-
ed. Achieving and maintaining multiple
treatment targets may be difficult, but are
well worth the effort.

Whether COURAGE will change clini-
cal practice in the United States presently
remains unclear. While no one trial is likely
to result in profound change, there is reason
to believe that COURAGE will re-orient
our clinical thinking away from what has
been a largely procedural approach to initial
patient management for stable coronary
artery disease. Medicine in general, and car-
diology in particular, is a rapidly evolving
discipline in which art and science fre-
quently converge.

COURAGE confronts conventional wis-
dom and an existing belief system that chron-
ic angina, objective evidence of ischemia, and
significant obstructive coronary artery disease
may not inevitably require myocardial revas-
cularization as an initial management strategy.
The results are consonant with current clini-
cal practice guidelines that optimal medical
therapy should be considered an appropriate
and favored first approach in stable coronary
artery disease.38 COURAGE may well alter
the belief systems of many physicians who will
synthesize the trial results and seek to achieve
equipoise in their clinical decision-making
between PCI plus optimal medical therapy vs
optimal medical therapy alone. ■

Coronary
disease is a
fundamentally
systemic
problem that
requires
systemic
treatment



CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 74 •  NUMBER 9       SEPTEMBER  2007 633

■ REFERENCES
1. Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical therapy with

or without PCI for stable coronary disease. N Engl J Med 2007;
35:1503–1516.

2. Katritsis DG, Ioannidis JP. Percutaneous coronary intervention versus
conservative therapy in nonacute coronary artery disease: a meta-analy-
sis. Circulation 2005; 111:2906–2912.

3. RITA-2 trial participants. Coronary angioplasty versus medical therapy
for angina: the second Randomised Intervention Treatment of Angina
(RITA-2) trial. Lancet 1997; 350:461–468.

4. Parisi AF, Folland ED, Hartigan P. A comparison of angioplasty with
medical therapy in the treatment of single-vessel coronary artery dis-
ease. Veterans Affairs ACME Investigators. N Engl J Med 1992;
326:10–16.

5. Pitt B, Waters D, Brown WV, et al. Aggressive lipid-lowering therapy
compared with angioplasty in stable coronary artery disease.
Atorvastatin versus Revascularization Treatment Investigators. N Engl J
Med 1999; 341:70–76.

6. Hueb W, Soares PR, Gersh BJ, et al. The medicine, angioplasty, or
surgery study (MASS-II): a randomized, controlled clinical trial of three
therapeutic strategies for multivessel coronary artery disease: one-year
results. J Am Coll Cardiol 2004; 43:1743–1751.

7. Henderson RA, Pocock SJ, Clayton TC, et al. Seven-year outcome in the
RITA-2 trial: coronary angioplasty versus medical therapy. J Am Coll
Cardiol 2003; 42:1161–1170.

8. Hamm CW, Sievers B, Herzner A. A randomized trial of medical therapy
versus PTCA in asymptomatic single vessel disease—5 years follow-up
[abstract]. Circulation 1996; 94(suppl):I-316.

9. Hartigan PM, Giacomini JC, Folland ED, Parisi AF. Two- to three-year fol-
low-up of patients with single-vessel coronary artery disease random-
ized to PTCA or medical therapy (results of a VA cooperative study).
Veterans Affairs Cooperative Studies Program ACME Investigators.
Angioplasty Compared to Medicine. Am J Cardiol 1998; 82:1445–1450.

10. Henderson RA, Pocock SJ, Clayton TC, et al. Seven-year outcome in the
RITA-2 trial: coronary angioplasty versus medical therapy. J Am Coll
Cardiol 2003; 42:1161–1170.

11. Sievers B, Hamm CW, Herzner A, Kuck KH. Medical therapy versus
PTCA: a prospective, randomized trial in patients with asymptomatic
coronary single-vessel disease [abstract]. Circulation 1993; 88(I):297.

12. Rogers WJ, Bourassa MG, Andrews TC, et al. Asymptomatic Cardiac
Ischemia Pilot (ACIP) study: outcome at 1 year for patients with asymp-
tomatic cardiac ischemia randomized to medical therapy or revascular-
ization. The ACIP Investigators. J Am Coll Cardiol 1995; 26:594–605.

13. Trial of invasive versus medical therapy in elderly patients with chronic
symptomatic coronary-artery disease (TIME): a randomised trial. Lancet
2001; 358:951–957.

14. Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to vulnerable
patient: a call for new definitions and risk assessment strategies: part I.
Circulation 2003; 108:1664–1672.

15. Ambrose JA, Tannenbaum MA, Alexopoulos D, et al. Angiographic pro-
gression of coronary artery disease and the development of myocardial
infarction. J Am Coll Cardiol 1988; 12:56–62.

16. Little WC, Constantinescu M, Applegate RJ, et al. Can coronary angiog-
raphy predict the site of a subsequent myocardial infarction in patients
with mild-to-moderate coronary artery disease? Circulation 1988;
78:1157–1166.

17. Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for the
management of patients with ST-elevation myocardial infarction—exec-
utive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Writing Committee to Revise the 1999 Guidelines for the
Management of Patients With Acute Myocardial Infarction). Circulation
2004; 110:588–636.

18. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous
thrombolytic therapy for acute myocardial infarction: a quantitative
review of 23 randomised trials. Lancet 2003; 361:13–20.

19. Invasive compared with non-invasive treatment in unstable coronary-
artery disease: FRISC II prospective randomised multicentre study.
FRagmin and Fast Revascularisation during InStability in Coronary artery

disease Investigators. Lancet 1999; 354:708–715.
20. Cannon CP, Weintraub WS, Demopoulos LA, et al. Comparison of early

invasive and conservative strategies in patients with unstable coronary
syndromes treated with the glycoprotein IIb/IIIa inhibitor tirofiban. N
Engl J Med 2001; 344:1879–1887.

21. Fox KA, Poole-Wilson PA, Henderson RA, et al. Interventional versus
conservative treatment for patients with unstable angina or non-ST-ele-
vation myocardial infarction: the British Heart Foundation RITA 3 ran-
domised trial. Randomized Intervention Trial of unstable Angina. Lancet
2002; 360:743–751.

22. Mehta SR, Cannon CP, Fox KA, et al. Routine vs selective invasive strate-
gies in patients with acute coronary syndromes: a collaborative meta-
analysis of randomized trials. JAMA 2005; 293:2908–2917.

23. Jones EL, Craver, JM, King SB III, et al. Clinical, anatomic and functional
descriptors influencing morbidity, survival and adequacy of revascular-
ization following coronary bypass. Ann Surg 1980; 192:390–402.

24. Cannon CP, Braunwald E, McCabe CH, et al; Pravastatin or Atorvastatin
Evaluation and Infection Therapy-Thrombolysis in Myocardial Infarction
22 Investigators. Intensive versus moderate lipid lowering with statins
after acute coronary syndromes. N Engl J Med 2004; 350:1495–1504.

25. Heart Protection Study of cholesterol lowering with simvastatin in
20,536 high-risk individuals: a randomised placebo-controlled trial.
Lancet 2002; 360:7–22.

26. LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering with
atorvastatin in patients with stable coronary disease. N Engl J Med
2005; 352:1425–1435.

27. Spaulding C, Daemen J, Boersma E, et al. A pooled analysis of data
comparing sirolimus-eluting stents with bare-metal stents. N Engl J Med
2007; 310:989–997.

28. Stone G, Moses J, Ellis S, et al. Safety and efficacy of sirolimus- and
paclitaxel-eluting coronary stents. N Eng J Med 2007:310:998–1008.

29. Mauri L, Hsieh W, Massaro J, et al. Stent thrombosis in randomized clin-
ical trials of drug-eluting stents. N Engl J Med 2007:310:1020–1029.

30. Kastrati A, Mehilli J, Pache J, et al. Analysis of 14 trials comparing
sirolimus-eluting stents with bare-metal stents. N Engl J Med
2007:310:1030–1039.

31. Curfman G, Morrissey S, Jarcho J, Drazen, J. Drug-eluting coronary
stents—promise and uncertainty. N Engl J Med 2007:310:1059–1060.

32. Lagerqvist B, James S, Stenestrand U, et al. Long-term outcomes with
drug-eluting stents versus bare-metal stents in Sweden. N Engl J Med
2007:310:1009–1019.

33. Boden WE, O’Rourke RA, Teo KK, et al. Design and rationale of the
Clinical Outcomes Utilizing Revascularization and Aggressive DruG
Evaluation (COURAGE) trial Veterans Affairs Cooperative Studies
Program no. 424. Am Heart J 2006; 151:1173–1179.

34. Hochman JS, Lamas GA, Buller CE, et al. Coronary intervention for per-
sistent occlusion after myocardial infarction. N Engl J Med 2006;
355:2395–2407.

35. de Winter RJ, Windhausen F, Cornel JH, et al. Early invasive versus selec-
tively invasive management for acute coronary syndromes. N Engl J
Med 2005; 353:1095–1104.

36. Boden WE, O’Rourke RA, Teo KK, et al. The evolving pattern of sympto-
matic coronary artery disease in the United States and Canada: baseline
characteristics of the Clinical Outcomes Utilizing Revascularization and
Aggressive DruG Evaluation (COURAGE) Trial. Am J Cardiol 2007;
99:208–212.

37. Kaul S, Shah PK, Diamond G. As time goes by: current status and future
directions in the controversy over stenting. J Am Coll Cardiol 2007;
50:128–137.

38. Gibbons RJ, Abrams J, Chatterjee K, et al. ACC/AHA 2002 guideline
update for the management of patients with chronic stable angina—
summary article: a report of the American College of
Cardiology/American Heart Association Task Force on practice guide-
lines (Committee on the Management of Patients With Chronic Stable
Angina). J Am Coll Cardiol 2003; 41:159–168.

ADDRESS: William E. Boden, MD, Division of Cardiology, Buffalo General
Hospital, SUNY at Buffalo School of Medicine, 100 High Street, Buffalo,
NY 14203; e-mail: wboden@kaleidahealth.org.


