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CHRONIC OBSTRUCTIVE CORONARY ARTERY DISEASE

Ischemia Is the Critical 
Determinant of Revascularization
Benefit: An Interventionalist’s 
Perspective of the COURAGE
Trial
Dean J. Kereiakes, MD, FACC
The Christ Hospital Heart and Vascular Center/The Carl and Edyth Lindner Center for Research
and Education at The Christ Hospital, Cincinnati, OH

Although advances in percutaneous catheter-based interventions (PCI) for coronary
artery disease have been associated with reductions in angiographic as well as 
clinical restenosis, no consistent reduction in the occurrence of death or nonfatal 
myocardial infarction (MI) has been observed either between devices (balloon vs 
bare-metal stent vs drug-eluting stent [DES]) or between device and medically 
treated patients with chronic stable coronary disease. Objective evidence of myocardial
ischemia—irrespective of the methodology used to demonstrate its presence—is 
qualitatively and quantitatively related to the occurrence of death and/or nonfatal MI.
The magnitude of ischemia is directly proportional to the magnitude of revasculariza-
tion benefit (reduction in death or MI). Revascularization by PCI is more effective in
reducing ischemia than medical therapy alone. The evolution of both PCI technology
(DES) and adjunctive pharmacology has improved the relative magnitude and 
durability of PCI benefit compared with medical therapy alone.
[Rev Cardiovasc Med. 2009;10(suppl 2):S45-S52 doi: 10.3909/ricm10S20006]
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Percutaneous coronary intervention (PCI) has played an integral role in the
therapeutic management strategies for patients who present with either
acute or nonacute coronary artery disease (CAD) syndromes. Although

technologic iteration from balloon to bare-metal stents (BMS) and subsequently
to drug-eluting stents (DES) has been accompanied by a progressive decline in
both angiographic as well as clinical restenosis,1-3 no discernible differences in
the occurrence of death or nonfatal myocardial infarction (MI) have been
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observed either among devices (bal-
loon vs BMS vs DES) or between de-
vice and medically treated patients
with chronic stable CAD.4,5

In general, the nature and magni-
tude of clinical benefit attributable
to either PCI or medical therapy
have been directly proportional to
the acuity of the clinical syndrome
being treated.6 Multiple randomized
controlled clinical trials have com-
pared revascularization with PCI (in
combination with medical therapy)
versus medical therapy alone for the
management of chronic CAD.7-9 The
dynamic evolution of both catheter-
based and pharmacologic therapies
as well as subtle differences in pa-
tient cohorts have made either
across-trial or pooled trial analyses
difficult and, at times, divergent
with respect to the apparent impact
of revascularization on subsequent
survival.4,7-9 However, one common
observation has been that objective
evidence of myocardial ischemia is
both qualitatively and quantitatively
related to the occurrence of death
and/or nonfatal MI. Furthermore,
the degree of myocardial ischemia is
directly proportional to the magni-
tude of relative clinical benefit (re-
duction in death or MI) provided by
PCI (vs medical therapy). Finally, the
evolution in both PCI technology
and adjunctive periprocedural phar-
macology has improved the relative
magnitude and durability of PCI
benefit compared with medical ther-
apy alone.

The Link Between Ischemia
and Outcomes
Quantitative myocardial perfusion
single-photon emission computed
tomography (SPECT) scanning (MPS)–
documented ischemia has been di-
rectly correlated with the occurrence
(rate/year) of cardiac-related death or
nonfatal MI.10 Those patients with
the largest ischemic burden have the
highest incidence of death or MI

in follow-up. Importantly, patients
with the largest ischemic burden also
demonstrate the greatest relative
reduction in objective ischemia fol-
lowing successful revascularization
(compared with medical therapy
alone).11 Finally, the greater reduc-
tion in myocardial ischemia afforded
by revascularization appears to trans-
late into improved survival (Figure 1).12

In an analysis of 10,627 consecutive
patients followed for about 2 years,
MPS quantitative ischemia was di-
rectly proportional to mortality on
medical therapy.12 Furthermore, the
relative survival advantage provided
by revascularization (vs medical
therapy) was a direct function of
ischemic burden (Figure 2). The rela-
tionship of ischemia to adverse

clinical outcomes is evident regard-
less of the methodology used to
demonstrate ischemia. For example,
in the Asymptomatic Cardiac Is-
chemia Pilot (ACIP) study, ischemia
documented on ambulatory electro-
cardiographic (AECG) monitoring
was a powerful correlate of death,
nonfatal MI, or subsequent hospital-
ization for an ischemic event in
asymptomatic patients.13 Impor-
tantly, AECG and SPECT perfusion
imaging demonstrated a lack of con-
cordance.14 Thus, AECG provided ad-
ditional, prognostic information not
evident by MPS imaging alone.
Revascularization of asymptomatic
patients with objective evidence of
ischemia in the ACIP trial was associ-
ated with improvement in survival
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Figure 1. Cardiac death rate stratified by myocardial perfusion SPECT scanning quantification of ischemia (% my-
ocardium) and treatment modality in 10,627 consecutive patients followed for 1.9 years � 0.6 years (top). Death
rate is proportional to the size of the ischemic defect. Patients with larger ischemic burden have a lower relative
death rate following revascularization (vs medical treatment). Change (reduction) in ischemic defect stratified by
size (quantitative ischemia %) of baseline ischemic defect and treatment modality (bottom). Patients with the
largest baseline ischemic defects had a greater reduction in effect size following revascularization (vs medical
treatment). SPECT, single-photon emission computed tomography. Adapted with kind permission from Springer
Science�Business Media. Journal of Nuclear Cardiology. Serial changes on quantitative myocardial perfusion
SPECT in patients undergoing revascularization or conservative therapy. Volume 8. 2001:428-437. Berman DS 
et al.11 Figure 1; and Hachamovitch R et al. Comparison of the short-term survival benefit associated with revas-
cularization compared with medical therapy in patients with no prior coronary artery disease undergoing stress
myocardial perfusion single photon emission computed tomography. Circulation. 2003;107(23):2900-2907.12
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free from MI compared with angina
or ischemia-guided medical therapy
at 2-year follow-up.15 Stress echocar-
diographic evidence of ischemia,
with or without accompanying angi-
nal symptoms, was associated with
significant hazard for cardiovascular
death or MI in the Heart and Soul
Study.16 Those patients with both
angina and echocardiographic evi-
dence of ischemia had the greatest
risk of adverse events even after ad-
justment for multiple other predic-
tive variables. Recent data have also
demonstrated a relationship between
in-laboratory coronary lesion hemo-
dynamic functional assessment by
fractional flow reserve (FFR) and im-
portant clinical outcomes, even in
patients with normal regional perfu-
sion by MPS and noncritical angio-
graphic stenoses.17 FFR-guided PCI
was demonstrated to be more safe
and effective than angiography
alone in a large, randomized trial.18

Finally, recent data have compared
and correlated the anatomic extent
of CAD by computed tomography

angiography (CTA) with the func-
tional degree of ischemia by MPS.19

Annual risk-adjusted mortality was
similar in propensity-matched co-
horts stratified by either CTA or MPS
risk categories.

The COURAGE Nuclear Substudy
The prespecified nuclear substudy
of the Clinical Outcomes Utilizing
Revascularization and Aggressive
Drug Evaluation (COURAGE) trial
enrolled 314 patients who under-
went serial rest/stress MPS both
prerandomization and at 6 to 18
months following random assign-
ment to either PCI plus optimal
medical therapy (OMT) or OMT
alone.20 The timing of late (6-18
months) MPS was chosen to be be-
yond the window for occurrence for
in-stent restenosis and delayed
enough to allow the effects of OMT
to be observed. The total perfusion
defect (TPD) was quantified both
during stress and at rest, and the per-
cent ischemic myocardium was cal-
culated as the stress TPD–rest TPD.

Patients were classified as having
minimal (� 5%), mild (5.0%-9.9%),
or moderate to severe (� 10%)
ischemia. A significant reduction in
ischemia was defined as 5% or
greater because this value exceeds
the threshold for test repeatability
and was used as the study primary
endpoint.21

PCI in combination with OMT was
more effective in reducing ischemia
than OMT alone (Figure 3), despite
the fact that 15% of patients ran-
domly assigned to OMT required
subsequent PCI for refractory and/or
progressive anginal symptoms. The
trial primary endpoint (ischemia re-
duction � 5%) was more frequent in
the PCI plus OMT cohort than fol-
lowing OMT alone (33.3% vs 19.8%;
P � .004). Importantly, ischemia re-
duction of 5% or more was associ-
ated with improved event-free sur-
vival for all enrolled patients,
particularly for those with at least
moderate (� 10%) ischemia at base-
line (Figure 4). Finally, the quantita-
tive degree of ischemia on MPS at
6 to 18 months was directly related
to the occurrence of death or MI in
follow-up (Figure 4). The COURAGE
nuclear substudy concluded that
“PCI added to OMT was more effec-
tive in reducing ischemia and im-
proving angina than OMT alone,
particularly in patients with moder-
ate to severe pretreatment ischemia.”
This conclusion should be tempered
by the applicable caveats regard-
ing the performance of PCI in
COURAGE, including: 1) PCI was
suboptimal with respect to both per-
patient and per-lesion success rates;
2) PCI was incomplete in that only
47% of patients with multivessel dis-
ease had complete coronary revascu-
larization; and 3) PCI was inadequate
with respect to utilization of leading-
edge technology of proven efficacy
(only 3% of stents were DES and 14%
of cases had balloon angioplasty).
To fully understand the artificial
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Figure 2. Mortality hazard by treatment modality and quantitative SPECT ischemia in 10,627 consecutive
patients followed for 1.9 years � 0.6 years. Mortality in medically treated patients is directly proportional to the
quantity (%) of ischemic myocardium, as is the relative magnitude of survival benefit afforded by revascular-
ization (vs medical therapy). SPECT, single-photon emission computed tomography. Data from Hachamovitch 
R et al.12
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limitations of PCI as performed in
COURAGE and, thus, the potential
for more marked and durable benefit
following revascularization, each of
these points should be addressed.

First, of 1149 patients randomly
assigned to PCI, 76 did not undergo
the procedure. These patients either
refused, were felt to be unsuitable for
PCI on rereview of the qualifying
baseline angiogram, or had unsuc-
cessful attempts at crossing any target

lesion (n � 27) with a guidewire and
then, inexplicably, were lost to long-
term follow-up.5 The true per patient
success rate is not 89% (as reported)
but instead, 83% for intention-to-
treat or 87% based on treatment
received (attempt to cross with
guidewire).22 Similarly, the per-lesion
success rate is not 93% (as reported)
but, instead, is at best 91% by treat-
ment-received analysis.23 Secondly,
although 69% of the 1149 patients

assigned to PCI had multivessel dis-
ease, only 36% of patients received 2
or more stents. Thus, at least 371 of
the 787 patients (47%) with multi-
vessel disease had incomplete revas-
cularization. Recent data suggest that
an incomplete revascularization by
PCI with DES is associated with in-
creased hazard for death or nonfatal
MI, even in the absence of chronic
total coronary occlusion (Figure 5).24

Third, the efficacy of DES (vs BMS)
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Figure 4. Cumulative event-free survival for all patients (left) and for those patients with moderate to severe (� 10%) ischemia at baseline stratified
by attainment of the study primary endpoint (� 5% ischemia reduction). Those patients who achieved the study primary endpoint enjoyed significant
improvement in event-free survival. Data from Shaw LJ et al.20
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based on multiple randomized con-
trolled clinical trials has been pre-
dominantly based on an observed
70% to 80% reduction in binary an-
giographic and 50% to 70% reduc-
tion in clinical (target lesion or
vessel) restenosis.25 This remarkably
durable benefit is achieved with no
“penalty” with respect to the inci-
dence of death or nonfatal MI in late
follow-up. The durable coronary pa-
tency benefit of DES (compared with
BMS) was reflected by a reduction in
target vessel distribution ischemia
assessed by MPS at 6 months follow-
ing PCI in the Basel Stent Cost-
Effectiveness (BASKET) trial nuclear
substudy.26 Furthermore, multiple
large and well-constructed clinical
registries suggest a directionally
consistent and significant reduction
in mortality (�20%) at 1- to 2-year
follow-up in patients treated with
DES compared with BMS (Figure 6).
The substantial relative benefit of
DES has been observed in both older
patients (Medicare beneficiaries)27-29

and, particularly, in those treated for
off-label indications. Indeed, a re-
cent pooled analysis of 5 separate
registries evaluating DES versus BMS
treatment of off-label indications

demonstrated a significant reduction
in mortality as well as target vessel
revascularization in favor of DES.30

This observation has been comple-
mented by similar findings in the
Scottish Revascularization Registry.31

Finally, a recent meta-analysis of 22
randomized controlled clinical trials
and 34 observational studies involv-
ing 193,371 stented patients demon-
strated the safety of DES (vs BMS)

and a highly significant reduction
in target vessel revascularization32

(Figure 7). Taking all these issues into
account, a reasonable final conclusion
of the COURAGE nuclear substudy
would be that more effective and
complete revascularization using con-
temporary proven technology (DES)
would have increased the relative
magnitude and durability of ischemia
reduction associated with PCI (plus
OMT) compared with OMT alone.

Silent, Asymptomatic Ischemia
The fact that many patients with se-
vere coronary stenoses and objective
evidence of myocardial ischemia
have no symptoms of angina is well
recognized. In the COURAGE trial,
12% of patients enrolled had silent
ischemia as defined by the presence
of new, abnormal ST-T changes at
rest, exercise-induced ischemic elec-
trocardiographic changes, or stress-
induced (either exercise or pharma-
cologic) MPS defects.33 The clinical
demographics and nuclear stress
test findings were similar between
patients with silent or symptomatic
ischemia, including the proportion
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of patients (30%) with moderate to
severe (� 10%) MPS ischemic de-
fects. After adjustment for relative
covariates, those patients random-
ized to PCI plus OMT had a strong
trend toward reduction in mortality
during follow-up compared with
those assigned to OMT alone (5% vs
11%, respectively; P � .06). When
the patients with silent myocardial 
ischemia from the COURAGE trial
are pooled with those enrolled into
the ACIP or Swiss Interventional
Study on Silent Ischemia Type II
(SWISSI-II) trials of revascularization
versus medical therapy (n � 1042),
the relative salutary effects of revas-
cularization (vs medical therapy
alone) are evident. In this pooled
silent ischemia cohort, those pa-
tients randomly assigned to PCI (in
combination with medical therapy)
had significant reductions in both
mortality (Figure 8) as well as the
composite endpoint of death or
nonfatal MI when compared with
patients receiving medical therapy

alone (Figure 9). Of note, the
changes in endpoint occurrence are
directionally consistent in favor of
PCI across each trial.

Summary
Ischemia—irrespective of the
methodology used to demonstrate
its presence (MPS, AECG, stress-
echo, FFR)—is qualitatively and
quantitatively correlated with the
occurrence of adverse clinical out-
comes (death or nonfatal MI) in
follow-up. In addition, ischemia is
quantitatively proportional to the
magnitude of revascularization ben-
efit. Revascularization (PCI) is more
effective in reducing ischemia than
medical therapy alone. Finally, com-
plete revascularization with contem-
porary technology (DES) in patients
appropriately selected for PCI will
improve the magnitude and durabil-
ity of objective/subjective ischemia
reduction that was observed follow-
ing PCI (vs OMT) alone in the
COURAGE trial. The weight of clini-
cal data suggest that objective evi-
dence of ischemia reduction will be
translated into improvement in
significant clinical outcomes such
as cardiovascular death and/or
nonfatal MI.

RCCT Estimate (95% CI) P Value

Death
 Random Effects 0.97 (0.81–1.15)
 Fixed Effects 0.97 (0.81–1.15) .72

TVR
 Random Effects 0.45 (0.39–0.54) � .001
 Fixed Effects 0.51 (0.45–0.57)

Observational Studies

Death
 Random Effects 0.78 (0.71–0.86) � .001
 Fixed Effects 0.81 (0.78–0.85)

TVR
 Random Effects 0.54 (0.47–0.61) � .001
 Fixed Effects 0.54 (0.54–0.60)

0.1 0.3 0.5 0.7 1.0
Favors DES Favors BMS

1.2

Figure 7. Comparative safety and efficacy of DES and BMS from 22 RCCT involving 9470 patients as well as 34
observational studies involving 182,901 patients. Death (all-cause) and TVR were assessed from studies with
cumulative follow-up of at least 1 year. Results of both random and fixed meta-analyses are shown. DES, drug-
eluting stents; BMS, bare-metal stents; RCCT, randomized controlled clinical trials; TVR, target vessel revascular-
ization; CI, confidence interval. Reprinted with permission from Kirtane AJ et al. Safety and efficacy of drug-eluting
and bare metal stents: comprehensive meta-analysis of randomized trials and observational studies. Circulation.
2009;119(25):3198-3206.32

Study or Events Total Events Total Weight M-H, Random M-H, Random
Subgroup      (95% CI) 95% CI

ACIP 2 192 20 366 15.0% 0.19 (0.05–0.81)

COURAGE 7 135 16 148 42.6% 0.48 (0.20–1.13)

SWISSI-II 6 96 22 105 42.4% 0.30 (0.13–0.70)

Total    423  619 100.0% 0.34 (0.20–0.60)
(95% CI)

Total Events 15  58

Heterogeneity: Tau2 � 0.00: Chi2 � 136, df � 2 (P � .51); I2 � 0%
Test for overall effect: Z � 3.77 (P � .0002)

0.01 0.1 1 10 100

PCI and
OMT

OMT Risk Ratio Risk Ratio

Figure 8. Mortality in follow-up by randomly assigned treatment strategy (PCI plus OMT vs OMT alone) from
the ACIP, COURAGE, and SWISSI-II trials in patients with silent myocardial ischemia. PCI, percutaneous coronary
intervention; OMT, optimal medical therapy; ACIP, Asymptomatic Cardiac Ischemia Pilot; COURAGE, Clinical
Outcomes Utilizing Revascularization and Aggressive Drug Evaluation; SWISSI-II, Swiss Interventional Study on
Silent Ischemia Type II; CI, confidence interval. Adapted with permission from Boden WE et al.33
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Heterogeneity: Tau2 � 0.20: Chi2 � 6.84, df � 2 (P � .03); I2 � 71%
Test for overall effect: Z � 2.50 (P � .01)
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Figure 9. The composite occurrence of death or nonfatal MI by randomly assigned treatment strategy (PCI plus OMT
vs OMT alone) from the same trials and patient cohorts as noted in Figure 8. MI, myocardial infarction; PCI, percu-
taneous coronary intervention; OMT, optimal medical therapy; CI, confidence interval; ACIP, Asymptomatic Cardiac
Ischemia Pilot; COURAGE, Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation; SWISSI-II,
Swiss Interventional Study on Silent Ischemia Type II. Adapted with permission from Boden WE et al.33

Main Points
• In general, the nature and magnitude of clinical benefit attributable to either percutaneous coronary intervention

(PCI) or medical therapy have been directly proportional to the acuity of the clinical syndrome being treated.

• Recent data have also demonstrated a relationship between in-laboratory coronary lesion hemodynamic functional as-
sessment by fractional flow reserve and important clinical outcomes, even in patients with normal regional perfusion
by myocardial perfusion single-photon emission computed tomography scanning and noncritical angiographic
stenoses.

• In the Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) trial, PCI in com-
bination with optimal medical therapy (OMT) was more effective in reducing ischemia than OMT alone, despite the
fact that 15% of patients randomly assigned to OMT required subsequent PCI for refractory and/or progressive angi-
nal symptoms.

• The fact that many patients with severe coronary stenoses and objective evidence of myocardial ischemia have no
symptoms of angina is well recognized.

• The weight of clinical data suggest that objective evidence of ischemia reduction will be translated into improvement
in significant clinical outcomes such as cardiovascular death and/or nonfatal myocardial infarction.
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