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Introduction

Patients with stable coronary artery disease are typically defined as those with evidence
of myocardial ischemia and obstructive coronary artery disease (stenosis >70%) in at
least one major epicardial coronary artery, who are either asymptomatic or are able to be
stabilized with medical therapy. In general, this term is not applied to patients presenting
with an acute coronary syndrome, although some include patients with an acute
myocardial infarction who stabilize on initial medical therapy in this definition. In this
era, most stable coronary artery disease patients fall into two categories, those with
chronic angina pectoris and patients without symptoms who have coronary artery disease
diagnosed on a screening stress or imaging test.

Chronic stable angina is the initial symptom of coronary artery disease in approximately
one-half of patients with ischemic heart disease.(1,2) In 2004, the American Heart
Association estimated that almost 9 million people in the U.S. suffer from angina, or
approximately 4.1% of the population.(3) Through educational efforts, the public has
learned to associate angina with myocardial infarction (MI), and many patients with
chronic angina are fearful of suffering a MI and equate relief of angina to a lower risk of
MI or cardiac death. Over the past 30 years, this perceived benefit has made the use of
revascularization, surgical and percutaneous, common as an initial treatment strategy in
stable coronary artery disease patients.

This has occurred even as treatment guidelines have recommended an initial approach of
optimal medical therapy, defined as a combination of intensive medical therapy, risk
factor reduction and lifestyle modifications. In the United States, an estimated 70-85,000
coronary stent procedures are performed each month (4), with some registry data
suggesting that as many of 85% of these procedures are performed electively for stable
coronary disease.(5) This observation is also true for coronary artery bypass grafting
(CABG) operations, where similar registry data also suggests that a significant
percentage of patients referred for CABG do not have the high risk features associated
with improvements in mortality and morbidity.(6-9)

Where stable coronary disease once was synonymous with chronic stable angina, a new
patient subset in this category has grown in increasing numbers. Improvements in
imaging technology and more aggressive screening tests in patients at risk for coronary
disease have generated a larger group of patients with newly diagnosed obstructive
coronary disease, but no symptoms. The widespread use of screening coronary CT
angiography in asymptomatic patients has magnified this issue at a time when we have
controversial clinical data as to what constitutes a high risk finding in these patients.

This discussion will focus on the treatment of patients with stable coronary artery disease,
and will attempt to delineate which patients can safely be treated with optimal medical
therapy and which patients may need to be referred for revascularization as an initial
strategy. More than one-third of patients will fail optimal medical therapy, usually due to
limiting angina. This discussion will highlight the appropriateness and benefits of both
percutaneous coronary intervention and coronary artery bypass grafting in these patients.



Why Preventive Revascularization in Stable Patients Does Not Always Work

It makes intuitive sense that relieving a stenosis in a coronary artery might prevent a
myocardial infarction, hospitalization for an acute coronary syndrome and even death.
This has been true for patients preventing with an acute coronary syndrome in which an
unstable coronary plaque causes a myocardial infarction or unstable angina.(10-14) In
these patients, particularly those presenting with non-ST segment elevation myocardial
infarctions or unstable angina, routine cardiac angiography followed by appropriate
revascularization when indicated has been shown to reduce the incidence of myocardial
infarction, death and repeat hospitalizations for acute coronary syndromes. A similar
benefit of routine angiography and revascularization in patients with stable coronary
artery disease does not exist.

Atherosclerotic plaque differences in acute coronary syndromes versus chronic
angina

These differences may be explained by differences in atherosclerotic plaque
characteristics in patients with acute, rather than chronic coronary syndromes.
Atherosclerotic plaques which lead to acute coronary syndromes have large lipid cores
and a thin fibrous cap, the edges of which are prone to rupture. Histologically, these
plaques have fewer smooth muscle cells, more macrophages, and less collagen.(15)
These plaques are often associated with outward (positive) remodeling of the coronary
vessel wall, meaning the artery expands to accommodate the plaque, producing less
stenosis of the coronary lumen. Typically these plaques do not obstruct the lumen
enough to cause angina, and are clinically silent until the fibrous cap ruptures, exposing
the lipid core to circulating blood and forming a thrombus which either completely or
partially obstructs the coronary lumen.

Stable plaques are very different. They have more smooth muscle cells, less lipid
content, and thicker fibrous caps. They have fewer macrophages and more collagen.
These “harder” plaques are not accommodated into the vessel wall, but rather are
associated with constructive remodeling of the arterial wall, a phenomenon not unlike
that of routine scar formation. This so-called “negative” remodeling process constricts
the vessel lumen and limits flow, clinically producing lesions which produce angina, lead
to abnormal stress test results, are easily identifiable by cardiac catheterization and CT
angiography. These lesions are much less likely to result in an acute coronary syndrome.
Figure 1 shows two intravascular ultrasound photographs which represent the extremes of
these two processes.

Stenotic plaques are not necessarily unstable

The differences in these two processes underpin the difficulty in predicting which
coronary stenoses are likely to produce a myocardial infarction. Patients with chronic
angina are not immune to suffering a myocardial infarction. In two longitudinal studies
of patients with chronic angina (Olmsted County, Minnesota, and Framingham,
Massachusetts), the incidence of myocardial infarction was 3.0-3.5% per year.(1,2,16)



Figure 1. Coronary intravascular ultrasound pictures from left anterior descending
coronary arteries showing a) a vulnerable plaque in an acute coronary syndrome patient
with a large lipid core and a thin fibrous cap and b) a dense, more fibrotic plaque in a
patient with longstanding angina

Overall estimates are that 18% of patients suffering a myocardial infarction have had
preceding, long standing angina. Certainly, patients with chronic angina are at risk at risk
for myocardial infarction, but the difficulty lies in predicting which atherosclerotic plaque
will be the culprit. Two classic and similar studies by Ambrose(17) and Little(18)
illustrate the difficulties in predicting the long and short term behavior of coronary artery
plaques. In the latter study (Figure 2), 42 consecutive patients who had undergone
coronary angiography within one month prior to sustaining an acute myocardial
infarction underwent a subsequent coronary angiogram. Twenty-nine patients had a
newly occluded coronary artery. All of the patients had visible coronary artery disease,
however in 28 of 29 patients, the culprit stenosis leading to the coronary occlusion was
<70% in severity. In 19 patients, the subsequently occluded artery had less than a 50%
stenosis. In the similar study by Ambrose et al.(17), only 22% of patients presenting
with a Q-wave infarction had an initial stenosis of >70% in the infarct artery. That group
also studied a subset of patients that presented with an occluded artery without sustaining
a M, finding that 61% of lesions which progressed to total occlusion were >70%
stenosed when studied during the initial catheterization. These studies reinforce that the
point that the most of the lesions which go on to precipitate myocardial infarctions are
not the lesions that are addressed during revascularization procedures, particularly
percutaneous coronary interventions.



Figure 2. Can coronary angiography predict site of subsequent myocardial
infarction. (Adapted from Little et al. Circulation 1988;78:1157-66.)
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Some would argue that these observations are no longer applicable in an era where the
modification of cardiovascular risk factors has reduced the incidence of myocardial
infarction and death by approximately 30%. While this progress is undeniable, predicting
plaques with a tendency towards instability remains difficult. This difficulty is
highlighted in a modern study of 3747 PCI patients at 17 centers reporting to the National
Heart, Lung and Blood Institute Dynamic Registry.(19) Of these 3747 patients
undergoing PCI, 5.8% required a subsequent PCI at one year for progression of
atherosclerotic plaque outside the original target stenosis. Clinical presentations of these
patients were not just angina, as 59% presented with new unstable angina and 9.3%
presented with a non-fatal myocardial infarction. Only 24% of patients had stable angina
as their presenting symptom for the subsequent presentation. Just as in previous studies
two decades prior, the majority of the lesions (86.9%) requiring subsequent PCI were
<60% in severity.

Overall plaque burden plays a large role in the probability of progression of
atherosclerosis. Simply said, the more plaques in the coronary vascular tree, the more
opportunity exists for one of these plaques to progress and contribute to a clinical event.
This is illustrated well in Figure 3 which shows the rates of subsequent PCI at one year in
the NHLBI Dynamic Registry by the amount of coronary atherosclerosis noted on the
initial angiogram.(19) Patients with angiographically visible disease in only one vessel
had a rate of repeat non-target PCI of 4.4%, while those with visible non-obstructive
disease in all three vessels had a rate of subsequent PCI of 12.8%.
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Figure 3. Non-target lesion PCI at 1 year according to initial

degree of coronary artery disease. Data from NHLBI Dynamic Data
Registry (Circulation 2005;111:143-149)

These observations, consistent over twenty years, reinforce the point that the risk of
coronary occlusion is not proportional to the previous severity of stenosis. Severe
stenoses, while responsible for angina, are at best a signal that many more non-
obstructive plaques exist, most of them the angiographically subtle, lipid-filled lesions
more likely to initiate an acute coronary syndrome and sudden cardiac death.

Percutaneous Coronary Intervention for Stable Coronary Disease

In the modern era, management of patients diagnosed with stable coronary artery disease
frequently begins with percutaneous coronary intervention (PCI), even though guidelines
support a trial of intensive medical therapy. Each year in the United States, over 1
million coronary stent procedures are performed, with the majority being elective patients
in patients who are presumably stable. While the use of PCI in patients with acute
coronary syndromes has been shown to reduce the subsequent incidence of myocardial
infarction and death, these same benefits have not been shown to accrue in patients who
receive PCI for stable coronary disease. Successful PCI of obstructive stenoses
decreases the frequency of angina and has been shown to improve exercise tolerance,
particularly in the immediate period following PCIL.(20-22) Many patients and
physicians have interpreted the improved results with PCI in a variety of clinical settings
to mean that patients with stable coronary artery disease may have decreased rates of
death, myocardial infarction and hospitalizations for acute coronary syndromes.
Contributing to this widespread belief is that fact that the comparisons of PCI versus
medical therapy are few and contain small numbers of patients, most of who were treated



before the widespread use of coronary artery stents and the adjunctive pharmacotherapy
which has contributed to the safety of PCI.

COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug
Evaluation) Trial

The first modern trial of PCI versus intensive medical therapy in the era of coronary
stent-based percutaneous revascularization is the COURAGE trial.(23) Rather than
testing medical therapy versus PCI, COURAGE was designed to examine whether adding
PCI to optimal medical therapy reduces cardiovascular events, specifically death and
non-fatal myocardial infarction. The trial included patients with stable coronary artery
disease and patients with Canadian Class IV angina who stabilized on initial medical
therapy. Patients had to have a stenosis of >70% on a coronary angiogram accompanied
by either ischemic resting ECG changes or an abnormal stress test, or a stenosis of >80%
accompanied by classic angina.

Importantly, patients were excluded if they had high risk variables including persistent
CCS 1V angina, a markedly positive exercise test (hypotension or positive during stage
1), refractory heart failure or shock, LVEF <30%, prior revascularization within 6
months, or anatomy unsuitable for PCI. Patients meeting these criteria were randomized
to receive either PCI and optimal medical therapy or optimal medical therapy alone. The
definition of optimal medical therapy was an aggressive one and included
recommendations of all pertinent guidelines at the time the trial was initiated. The
optimal medical treatment goals are described in Table 1.

Table 1. COURAGE Trial Optimal Medical Treatment Goals

Variable Goal

Smoking Cessation

Total Dietary Fat / Saturated Fat <30% calories / <7% calories

Dietary Cholesterol <200 mg/day

LDL cholesterol (primary goal) 60-85 mg/dL

HDL cholesterol (secondary goal) | >40 mg/dL

Triglyceride (secondary goal) <150 mg/dL

Physical Activity 30-45 min. moderate intensity 5X/week

Body Weight by Body Mass index | Initial BMI Weight Loss Goal
25-27.5 BMI <25
>21.5 10% relative weight loss

Blood Pressure <130/85 mmHg

Diabetes HbAlc <7.0%




Table 2. COURAGE Pharmacologic Therapy

Medication Class Protocol Drug(s)
Anti-platelet therapy Aspirin; clopidogrel according to established
practice standards
Lipid-lowering therapy Simvastatin + ezetimibe or ER niacin
ACE inhibitor or ARB Lisinopril or losartan
Beta-blocker Long-acting metoprolol
Calcium channel blocker Amlodipine
Nitrate 5-mononitrate

The COURAGE trial was performed between 1999 and 2004. Males compromised 85%
of the randomized patients. The average duration of angina prior to enrollment was 5
months. Most patients (95%) had objective evidence of myocardial ischemia with only
5% enrolled on the basis of angina and obstructive CAD alone. Two thirds of the
patients had multi-vessel coronary artery disease. Prior myocardial infarction was
present in 38% of patients with 15% of patients having prior PCI, and 11% having
previous CABG. Diabetes was present in 33% of patients and was slightly more
common in the optimal medical treatment group (p=0.12).

In the PCI group, PCI was successful 89% of the time, with success defined as all lesions
dilated with no in-hospital complications. PCI was attempted for 1688 lesions in 1077
patients, with 94% of patients receiving at least one stent. Successful treatment by
angiography was seen 1576 of 1688 lesions. In the stented patients, 41% received more
than one stent. Drug-eluting stents were used in only 31 patients

COURAGE Results

At a median follow-up of 4.6 years, the primary outcome of freedom from death and
myocardial infarction was not different between patients treated with medical therapy
alone and those patients receiving PCI in addition to medical therapy (Figure 3). Nine
percent of the patients were lost to follow-up, a finding not exclusive to either group.

The rates of hospitalization for acute coronary syndromes were 12.4% in the PCI group
and 11.8% in the medical-therapy group (p=0.56). No significant differences were noted
in rates of myocardial infarction or stroke. The PCI group had higher rates of MI
initially, due primarily to the 2.8% incidence of peri-procedural MI in PCI patients, a rate
higher than expected in stable PCI patients. When these peri-procedural MIs were
excluded, the MI rates were 16.2% in the PCI group compared with 17.9% in the medical
therapy group (p=0.29). No particular subgroup benefited from either strategy, including
women, diabetics, and patients with either single or multi-vessel coronary artery disease.
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Figure 3. Survival Free from Death and Myocardial Infarction in COURAGE
Trial (Reproduced with permission from Boden W et al. NEJM
2007;356:1512)

Significant reductions in angina were seen in both groups throughout the follow-up
period. There was a small, but significant reduction in angina in favor of the PCI group
throughout the majority of the follow-up period, however the difference at 5 years was
not statistically significant (Table 4). At the median follow-up of 4.6 years, 32.6% of the
patients in the optimal medical therapy group had undergone revascularization for angina
refractory to medical therapy or worsening ischemia on non-invasive imaging (at the
discretion of the patient’s physician). The median time to revascularization in medically
treated patients was 10.8 months. In the PCI group, 21.1% of patients required repeat
revascularization at a median interval of 10 months. Approximately 7% of patients in
both groups went on to eventual CABG during the follow-up period, a rate virtually
identical in both groups.

Table 3. Freedom from Angina in COURAGE Trial Follow-up

Percent of Patients PCI + OMT OMT P value
Free of Angina

Baseline 12% 13%

1Yr 66% 58% P<0.001
3Yr 72% 67% P=0.02
5Yr 74% 72% P=0.35

** PCI = percutaneous coronary intervention, OMT = optimal medical therapy




Efforts to modify risk factors in patients enrolled in the COURAGE trial were successful
in regards to both lipid levels and blood pressure (Table 4). Efforts at improvement in
weight loss, smoking cessation, and increased exercise were less successful.

Table 4. Improvements in Treatment Targets in COURAGE Trial

Treatment Targets
Baseline 60 Months

PCI +OMT OMT PCI +OMT OMT
SBP 131+ 0.77 130+ 0.66 124 £ 0.81 122 +£0.92
DBP 74 £ 0.33 74 +0.33 70 £ 0.81 70 + 0.65
Total Cholesterol mg/dL 172+ 1.37 177+ 141 143 +1.74 140 + 1.64
LDL mg/dL 100+1.17 102 +1.22 71 £1.33 72+£1.21
HDL mg/dL 39+ 0.39 39 +0.37 41 £0.67 41 +0.75
TG mg/dL 143 +2.96 149 +3.03 123 £ 4.13 131 £4.70
BMI kg/M? 28.7+0.18 | 289+0.17 | 29.2+0.34 | 295+0.31
Moderate Activity 25% 25% 42% 36%
(5x/week)
Current smoker 23% 23% 19% 20%

** PCI = percutaneous coronary intervention, OMT = optimal medical therapy

The OAT (Open Artery Trial)

Additional support for the conclusions in COURAGE are provided by the OAT trial (24),
which examined 2166 patients who were stable 3-28 days after sustaining a myocardial
infarction and found to have total occlusions of their infarct-related artery at coronary
angiography. All patients were classified as high-risk, having a left ventricular ejection
fraction <50% or a proximal coronary occlusion. Patients were randomized to PCI with
stenting and optimal medical therapy versus optimal medical therapy alone. Despite
successful PCI in 87% of patients and infarct artery patency in 89% of patients in whom
the initial PCI was successful, there was no difference in death, nonfatal myocardial
infarction or NYHA Class IV heart failure in patients treated with PCI versus medical
therapy (17.2% vs 15.6%, p=0.20) at a mean follow-up period of 3 years. There were
significantly fewer patients with angina in the PCI group at 4 months and 1 year, but at 3
years there was no significant difference between groups (9.1% vs 10.3%, p=0.53). In
patients assigned to medical therapy, 22.0% required subsequent revascularization
compared with 18.4% of PCI patients (p=0.03). While one can make arguments that the
routine use of drug-eluting stents would have resulted in less angina and revascularization
in the PCI group, it is unlikely that their use would have impacted the primary end-points
of death, MI or heart failure.
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COURAGE Trial Conclusions and Implications for Clinical Practice

Like similar preceding studies, the COURAGE trial reaffirmed the strengths and
limitations of percutaneous coronary intervention in the treatment of stable coronary
artery disease. Skeptics of PCI will highlight the lack of benefit in terms of preventing
death, myocardial infarction and hospitalizations for acute coronary syndromes. Adding
to their argument is lack of long-term freedom form angina in PCI patients. Advocates
for PCI will point to the fact that their was no penalty in outcomes in terms of death or
myocardial infarction in patients treated with optimal medical therapy and initial PCI,
highlighting the safety of PCI in the era of modern interventional cardiology.
Throughout the majority of the follow-up period, PCI patients had lower rates of angina,
an outcome likely to be improved in the era of markedly lower rates of restenosis seen
with drug-eluting stents. Treatment with drug-eluting stents has been shown to reduce
rates of target vessel revascularization by >50%, making it likely that the 21% of PCI
patients requiring repeat revascularization would be markedly lower had they been
treated with drug-eluting stents.

The real message of COURAGE is that optimal medical therapy should be the
comerstone of therapy in both patients treated solely with medications or with PCI.
Efforts to meet guideline-mandated treatment goals are worthwhile and important to both
groups of patients. It is worth noting that the medical therapy in COURAGE was very
intensive and successful in relieving symptoms in two-thirds of patients. One should not
extrapolate that incomplete efforts or partial guideline adherence will provide similar
results. The other take-home point is that there certainly is no penalty for an initial
treatment strategy of medical therapy, nor is there a penalty for up-front PCI. Individual
decisions in consultation with patient preferences can be made with confidence in
patients who meet the COURAGE criteria.

However, before generalizing the conclusions of COURAGE to all patients with stable
cad, it is important to recognize the limitations of the study. Patients with significant left
ventricular dysfunction or high risk findings on stress testing were excluded and the
equivalence of these strategies is not known to be applicable to these patients. Indeed, in
trials of coronary artery bypass grafting versus medical therapy, it is these patient groups
who benefit most from an initial revascularization strategy.(25-29) It is also worth noting
that most of the patients in COURAGE were men, and it is not know if these findings are
as applicable to women. It is also worth noting that 38% of the patients in COURAGE
were stable after a myocardial infarction, so those patients should not be exempt from the
COURAGE and OAT conclusions. It is also notable that all patients in both COURAGE
and OAT received angiography, and decisions regarding appropriateness of strategies
were made after coronary artery anatomy was known. Treatment decisions made when
coronary anatomy is unknown may not be appropriate in many patients.

Finally, the principal difference in both OAT and COURAGE in patients treated

medically was the occurrence of angina and requirement for subsequent
revascularization. It is likely that the lower rates of target vessel revascularization seen in
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drug-eluting stent patients in clinical trials could tilt these variables in favor of PCI.
However, in all trials of drug-eluting stents, rates of death and MI are similar in patient
treated with drug-eluting stents or conventional bare-metal stents, so the repeating either
the OAT trial or the COURAGE trial with drug-eluting stents is unlikely to affect the
rates of death or myocardial infarction.

Revascularization Decisions in Stable Coronary Artery Disease Patients

Even when patients with stable CAD are treated with intensive medical therapy and
aggressive life-style modifications, up to one-third of patients can be expected to fail
medical therapy and require revascularization. The trials comparing coronary artery
bypass surgery with medical therapy (25,29-32) are small and old, and conclusions are
difficult to extrapolate in an era when both cardiac surgery and medical therapy are vastly
improved. Performed in the 1970s, trials of CABG were shown convincingly to relieve
angina and reduce the need for anti-anginal medications more effectively than medical
therapy in a broad group of patients which included patients with acute coronary
syndromes and stable angina. A mortality benefit was seen in patients with 1) three-
vessel disease with a depressed left ventricular ejection fraction, 2) patient with multi-
vessel disease and involvement of the proximal left anterior descending coronary artery
and 3) patients with left main disease.

Today, most discussions in patients who require revascularization center on the options
of PCI versus CABG. Recently, the introduction of drug-eluting stents (DES) has
impacted this process, as dramatically lower rates of restenosis in DES patients have
made their use more applicable in patients with multi-vessel disease and lesion subsets
previously treated with CABG. The initial enthusiasm for the use of DES has been
tempered somewhat by observations of an increase in late-stent thrombosis in DES-
treated patients. While many patients and physicians strongly prefer percutaneous
revascularization due to decreased short-term morbidity, the best revascularizations are
made when one takes into account the strengths and weaknesses of both approaches.

Important Clinical Trials of Drug-Eluting Stents

The placement of drugs with anti-proliferative properties on coronary stents has provided
a solution to the neointimal proliferation which characterized the restenosis process in
patients who did not receive a durable result with a bare-metal stent. The additions of
sirolimus and paclitaxel to drug-eluting coronary stents (DES) has provided dramatic
decreases in angiographic and clinical restenosis, and DES implantation is now
performed in approximately two-thirds of patients undergoing percutaneous coronary
interventions (PCI), especially in the United States.

We now have in hand several large randomized, double-blinded trials of both sirolimus
and paclitaxel-eluting stents in comparison with bare-metal stents of identical design
mounted on identical balloon delivery systems. The most common primary endpoint
utilized in these trials is target vessel failure (TVF), defined as the occurrence of any of
the following in the interval following the index procedure: 1) death from cardiac causes,
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2) Q-wave or non—Q-wave myocardial infarction, or 3) revascularization of the target
vessel by coronary artery bypass grafting (CABG) or PCI.

The first trial of the currently available sirolimus-eluting stent platform (CYPHER® stent,
Cordis Corporation) was the RAVEL trial.(33) This trial enrolled a group of patients at
relatively low risk for restenosis, as evidenced by the average lesion length of = 9.5 mm
and low percentage of diabetics (16% in sirolimus, 21% in control). Despite the fact that
these were low risk patients, the results were spectacular, with a 6 month restenosis rate
of 0% in the patients receiving the sirolimus stent as compared with 26.6 % in the control
stent group. This has proved to be a durable result, with 87.9% of patients free from
target vessel failure at three years, compared with 67.3% of patients receiving a bare
metal stent.(34)

The SIRIUS trial was the first trial to examine the effect of a sirolimus-eluting stent in
patients at high risk for restenosis.(35) This trial was designed to mirror clinical practice
and included typical numbers of diabetics and excluded patients with short lesions and
large diameter vessels. While SIRIUS did not show the spectacular 0% restenosis rate
seen in the RAVEL trial, the results were none-the-less impressive. The primary
endpoint of target vessel failure occurred in 21.0% of the patients treated with a bare-
metal stent compared to only 8.8% of patients receiving a sirolimus-eluting stent.
Restenosis at 8 months was also markedly reduced in the sirolimus-treated patients.
These marked improvements in clinical outcomes were the basis for approval of the
sirolimus-eluting Cypher stent by the FDA in April 2003.

Two follow-up trials (36,37) in Canada (C-SIRIUS) and Europe (E-SIRIUS) reported
further improvements in angiographic restenosis, predominantly due to improvements in
technique which eliminated much of the “edge” restenosis seen when segments adjacent
to atherosclerotic lesions were dilated but not stented. The cumulative follow-up of these
three similar SIRIUS trials has been published with a specific eye towards long-term
safety and efficacy.(38,39) At 2 years, clinically driven revascularization was performed
in 5.6% of patients who received sirolimus stents, versus 21.3% of patients receiving
bare-metal stents (Figure 5) In this analysis, rates of stent thrombosis (sirolimus 0.6%,
control 0.8%) and late revascularization were not different between groups suggesting
preservation of the initial benefits seen at 9 months in these trials. (38)

The second drug to show efficacy when coupled with a coronary stent is paclitaxel,
available as the TAXUS® stent platform (Boston Scientific Corp.). The landmark trial to
date with paclitaxel-eluting stents is TAXUS IV(40), which enrolled patients at high risk
for restenosis with patient and lesion demographics similar to the SIRIUS trials with
sirolimus. The clinical results in the TAXUS IV trial were overwhelmingly positive.
Angiographic restenosis in the paclitaxel group was reduced by 70% as compared to
control, and target vessel failure occurred in only 7.6% of the paclitaxel group as
compared with 14.4% of control patients. As in the sirolimus trials, stent thrombosis
was low (0.6%), a very reassuring observation given the potential by all drug-eluting
stents for delayed endothelialization. This combination of safety and markedly improved
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clinical outcomes in the TAXUS 4 trials won approval by the FDA of the TAXUS stent
platform in March 2004. Follow-up TAXUS-V and TAXUS-VI trials established similar
efficacy of TAXUS stents in patients with restenotic lesions(41) and longer stenoses.(42)

30 - 25.1 2t

Target Lesion Major Adverse Target Vessel
Revasc Cardiac Events Failure

B Sirolimus B Control

Figure 4. SIRIUS Trial Two-year Follow-up Clinical Events

Sub-Acute and Late Stent Drug-Eluting Stent Thrombosis

The excitement over the introduction of drug-eluting stents into clinical practice
following FDA approval in April 2003 was muted by reports of stent thrombosis in the
initial 30 days after coronary intervention.(43) These reports caught interventional
cardiologists off-guard, as rates of stent thrombosis in the clinical trials of drug-eluting
stents had been comparable to bare-metal stents (approximately 0.6-0.8%). Stent
thrombosis historically leads to Q-wave myocardial infarction and/or death in two-thirds
of patients.(44) In October 2004, after receiving more than 290 reports of stent
thrombosis involving the CYPHER sirolimus-eluting stent (including 60 patient deaths)
from physicians, the FDA issued a public health notification. Investigations into the
discrepancies between rates of stent thrombosis have failed to yield definitive
conclusions, but the etiology is likely multi-factorial.

Instant demand for the stents by physicians, many of whom had been delaying procedures
for patients at high risk for restenosis, was high, leading to inventory shortages in most
catheterization laboratories. Many physicians found themselves doing more procedures
with fewer stent sizes to choose from, increasing the potential that operators were placing
inappropriately-sized stents. In addition, one clear lesson from the drug-eluting stent
approval trials was, in order to optimize outcomes, that physicians should place longer
stents and cover “normal vessel to normal vessel”. Stent length is an important predictor
of stent thrombosis and longer stents are more likely to be unopposed if not properly
deployed with high pressure balloon inflations. With improvements in techniques and
better stent availability, and with many physicians choosing longer duration of therapy
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with clopidogrel, anecdotal reports of stent thrombosis decreased and analysis of registry
data and ongoing clinical trials failed to identify a specific problem.(45)

More worrisome recently has been a series of large multi-center registry reports and
recent pooled analyses of published drug-eluting stent trial data which shown increases in
late drug-eluting stent thromboses.(46-49) Prior to drug-eluting stents, stent thrombosis
risk was thought to be confined to the first month after stent implantation. The decreased
neointima which defines the lower restenosis risk with drug-eluting stents may magnify
any mistakes made in stent deployment in ways not seen with bare-metal stents. Less
intima formation may leave stent struts exposed for longer periods of time, increasing the
potential for stent thrombosis. Furthermore, some patients may have delayed or impaired
healing responses to drug-eluting stents and may be more prone to thrombosis,
particularly when dual anti-platelet therapy with clopidogrel is discontinued. Data
published in 2005 by Iakovou et al.(50) supports both of these hypotheses, with longer
stents, bifurcation lesions and premature anti-platelet therapy discontinuation being
anatomic predictors for stent thrombosis. Support for an attenuated healing response was
seen as renal insufficiency, diabetes, and a decreased left ventricular ejection fraction
were also predictors of stent thrombosis. In this “all-comers” patient population
exclusive of primary angioplasty patients, the drug-eluting stent thrombosis rate was
1.3%, one-half of which occurred outside of a thirty-day window.

At this point in time, it appears that rates of drug-eluting stent thrombosis may be higher
than those seen in clinical trials and may occur at later time intervals than previously
thought. In October 2006, the FDA initiated an advisory panel to look specifically at this
issue. Prior to this meeting, data was presented at the TCT 2006 Scientific Sessions and
subsequently published showing an increase in stent thrombosis after the originally
reported one-year of clinical follow-up.(51) This “very-late” stent thrombosis incidence
was approximately 0.6-0.7%, bringing the overall rate of observed stent thrombosis to
around 1.2-1.3%, similar to the rates reported in large registries of drug-eluting stent
patients. What was not clear was whether this increase in late stent thrombosis translates
into increased rates of death or MI, perhaps reflecting a balance between the risk of late
thrombosis and the morbidity associated with increased rates of restenosis.(52)

Table 5. Four-Year Safety Follow-up in Cypher® and Taxus® Clinical Trials

Event Cypher Bare-Metal [ Event TAXUS  Bare-Metal p
(%) {%} (%) (%)

Stent thrombosis 1.2 0.6 0.200 Stent thrombosis 1.3 0.9 0.29C
Late stent 0.6 0 0.025 Late stent 0.7 0.2 0.033
thrombosis {>1 yr) thrombosis [>1 yr}

MI 8.4 6.2 0.860 Mi 7.0 6.3 0.64C
Death 6.7 5.2 0.190 Death 5.1 6.6 0.700
Cardiac Death 35 2.6 0.320 Cardiac Death 24 3.0 0.520
Death or Ml 11.6 10.3 0.396 Death or MI 124 11.8 0.77¢

* Data presented at 2006 TCT Scientific Sessions and FDA Drug-eluting Stent Advisory Panel
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At this point, there does appear be some increased risk of stent thrombosis outside the
initial 3-6 month period where the majority of drug-eluting stent thrombosis was thought
to occur. Preliminary data from patients followed in the Duke Cardiovascular Databank
has suggested that prolonged therapy with the combination of aspirin and clopidogrel
may reduce the risk of death and MI in patients receiving drug-eluting stents.(53) In the
setting of this evolving information, several professional societies have come together to
issue a joint guideline statement (Table 6) on the duration of dual anti-platelet therapy in
drug-eluting stent patients.(54) In response to the dialogue at the FDA advisory meeting,
industry has increased the follow-up of patients in DES clinical trials to 8 years and
initiated large registries of drug-eluting stent patients. Careful follow-up of these patients
should provide additional information about the intermediate and long-term benefits of
drug-eluting stents, define the risk period for stent thrombosis, and confirm the optimal
duration of dual-anti-platelet therapy.

Table 6. New Guidelines for Dual Anti-Platelet Therapy after Drug-Eluting Stents

1 month with Bare Metal Stent
12 months with Sirolimus-Eluting Stent
12 months with Paclitaxel-Eluting Stent
Consider Bare Metal Stent if:
— Upcoming surgery
— Bleeding risk precludes long-term therapy
with aspirin and clopidogrel

While the medical community remains focused on the safety issues surrounding drug-
eluting stents, the overall clinical benefit in terms of reduction in restenosis and
prevention of angina has more than justified their continued use. The FDA concluded
that the overall clinical benefit exceeds the small risk of stent thrombosis when the stents
are used for a labeled indication.(43) Concerns still exist as to the net clinical benefit
when used outside the approved indications (such as in vein grafts, restenotic lesions,
bifurcation disease, long lesions, etc.).(46,55) Information from ongoing trials and large
registries should provide additional information on these issues in the coming two years.

The Current Place of Drug-Eluting Stents in Coronary Revascularization

While enthusiasm for percutaneous coronary revascularization is at an all time high
amongst interventional cardiologists, many physicians continue to struggle with
revascularization choices in patients with multi-vessel disease and/or diabetes. The rapid
adoption of percutaneous coronary intervention in the cardiology community has, at
times, out-paced the evidence supporting its use in certain clinical scenarios. While few
would argue against an initial strategy of PCI in patients with single-vessel coronary
artery disease, conflicting messages in fairly small randomized trials of patients with
multi-vessel disease and/or diabetes mellitus make decisions in these patients more
difficult.
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Trials of PCI versus CABG

There have now been 11 randomized trials (56-66) of percutaneous coronary intervention
versus coronary artery bypass grafting (CABG) in patients with multi-vessel coronary
artery disease, the past six of which have included coronary artery stents in the
percutaneous revascularization arm. As a whole, the results are fairly similar. While the
balloon angioplasty trials collectively showed increased mortality in PCI-treated patients,
when the trials are viewed collectively, the frequency of death or myocardial infarction is
similar with either strategy. Freedom from repeat revascularization procedures and relief
from angina, however, is superior in the surgery arms. While none of these trials was
large enough to provide enough definitive answers to allow generalization of this
conclusion across all patient subgroups, this information has led to many physicians
basing their choice of revascularization on the feasibility of PCI and cumulative risk of
restenosis.

A notable exception to this overall conclusion is patients with multi-vessel disease and
diabetes mellitus. The Bypass Angioplasty Revascularization Investigation (67) study
finding of decreased intermediate and long-term survival in diabetic patients with multi-
vessel treated with PCI has remained consistent in other randomized trials of PCI versus
CABG. In BAR]I, all-cause 5-year mortality in the diabetic angioplasty group was 34.7%
compared with 19.4% in the CABG group.(67) This disparity in results probably
represents the extreme, as data from the BARI registry (68) and Duke Cardiovascular
Disease Databank (69) has shown comparable outcomes between PCI and CABG when
physicians use careful clinical criteria, including degree of atherosclerosis and presence
of left ventricular dysfunction, in choosing between revascularization strategies in
diabetic patients. Critics of the BARI data also point out that BARI was performed at a
time when all patients in the angioplasty arm received balloon angioplasty only (no
stents) and IIb/II]a inhibitors were not routinely given, the two adjunctive therapies most
proven to improve PCI outcomes in diabetics during the past decade. Thus, many have
looked primarily at outcomes of PCI versus CABG ftrials in the stent and IIb/IITa inhibitor
era when making an argument for or against multi-vessel angioplasty.

Coronary Stenting versus CABG for Multi-Vessel Disease

The two large PCI versus CABG trials in the stent era are the ARTS (64) trial and the
SOS (Stent or Surgery) trial.(66) The SOS trial randomized 988 symptomatic patients
with multi-vessel coronary disease to CABG or PCI. Only 14% of patients had diabetes,
and only 8% received a IIB/Illa inhibitor. At a median follow-up of two years, the rates
of death and non-fatal Q-wave MI were similar in both groups, with death favoring the
CABG group (2% vs. 5% out of 30 total deaths) and Q-wave MI favoring the PCI group
(5% vs. 8% of 67 total MIs). Most (59%) of the CABG MIs occurred during the CABG
hospitalization. Need for subsequent revascularization, the primary endpoint of the trial,
was 21% in the PCI arm compared with 6% in the CABG arm. The proportion of
patients free of angina at 1 year was lower in the PCI group and surgery patients were
less likely to be taking anti-anginal medication.
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The ARTS trial randomized 1205 patients (208 diabetics), all of which had at least two
vessel disease, to CABG or PCI. At 1 year, 2.5% of PCI patients had died compared to
2.8% of CABG patients. At 5 years, the PCI group mortality was 8.0% versus 7.6% in
CABG patients.(70) There was no difference in rates of Q wave MI , non-Q wave MI or
stroke, although the combined end-point occurred less frequently in the CABG group
(14.9% vs 18.2%, p=0.14). At 1 year, 21% of patients assigned to PCI had undergone
repeat revascularization versus 3.8% of CABG patients. At 5 years, additional
revascularization was performed more frequently after PCI than CABG (30.3% versus
8.8%). After 3 years, surgery patients had less angina (15.5% vs. 21.2%), and had a
lower rate of use of anti-anginal medications.

At 1-year, diabetic patients in ARTS assigned to PCI had worse clinical outcomes than
CABG patients, with death, MI, and rates of repeat revascularization all favoring CABG,
while strokes were more common in the CABG arm. At 1 year, 84.4% of diabetic
patients assigned to CABG were free from death, MI, stroke or repeat revascularization
compared with only 63.4% of diabetics assigned to PCI. At 5 years, the mortality rate in
PCI patients was 13.4% vs. 8.3% (p=0.27) in CABG patients. Overall, 61.3% of diabetic
patients in the surgery group were free from death, MI, stroke or repeat revascularization,
as compared to 45.5% of diabetic PCI patients.

30.3

30 A
21.2
20 - 55
8.8
104 876 6756
3835
B Ey D

0

Death Q-Wave Non- QMl Stroke Repeat Angina
Mi Revasc

O Stent B CABG
Figure 5. ARTS Five-Year Follow-up: Adverse Cardiac Events

The results of these latest PCI versus CABG frials highlight several points. First, in non-
diabetic patients, there is no longer a mortality penalty in patients receiving multi-vessel
PCI with stents as an initial strategy. However, while an initial strategy of stenting may
be defensible in terms of mortality, rates of revascularization are still approximately 20%,
and patients are more likely to be angina-free with CABG. This point merits emphasis,
as most revascularization procedures are performed for symptom relief and not for a
mortality benefit. This difference should be taken in context, however, as the
overwhelming majority of patients are now angina-free with either revascularization
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approach. Therefore, in non-diabetic patients at low risk for restenosis (discrete lesions
in large vessels), a strategy of initial multi-vessel PCI seems reasonable.

Second, outcomes among diabetics with multi-vessel disease still favor surgery. While
none of these studies are large enough to address mortality, rates of revascularization
remain unacceptably high in diabetics treated with multi-vessel stenting. Five-year
results of diabetic PCI patients in the ARTS trial are particularly sobering with 42.9% of
patients requiring revascularization at 5 years compared with 10.4% of patients in which
CABG was the initial treatment. Mortality in these studies, while underpowered, also
favors CABG.

So what effect, if any, will the lower rates of restenosis seen with drug-eluting stents have
on these results and will they push the outcomes of patients with multi-vessel disease in
favor of PCI? The long-term benefits of CABG are dependent on graft patency, with the
best outcomes seen in patients in whom one or both internal thoracic arteries are utilized,
either alone or in combination with saphenous vein grafts.(71-73) Unlike a coronary
stent, which provides only a “spot”, lesion-specific treatment for atherosclerosis, a patent
bypass graft placed distally in an epicardial coronary vessel provides protection against
the lesion(s) for which the bypass graft was placed and future obstructive lesions in the
segments proximal to the anastamosis. Most obstructive lesions occur in the proximal 6
cm of a coronary artery, a distance usually bypassed with a conventional coronary artery
bypass graft.(74)

While internal mammary artery grafts have patency rates at 10-15 years of 90-95%,
approximately 7-10% of saphenous vein grafts occlude in the first week following
CABG, and another 5-10% occlude in the initial year following CABG. Vein graft
occlusion within the first year is due predominantly to intimal hyperplasia with
subsequent disease progression due primarily to atherosclerosis. Historically,
approximately 50% of vein grafts are occluded at 10 years, although this estimate reflects
data from a period of time in which anti-platelet therapy following vein grafts was not
standardized and lower-risk patients were referred for CABG than current practice.
There are few prospective studies examining saphenous vein graft patency in the era of
modern medical therapy. Some of the best prospective data from the past decade comes
from the VA Cooperative Study 297, in which 266 patients with 696 saphenous vein
grafts underwent cardiac catheterization at 7-10 days, 1 year, and 3 years following
CABG.(75) Six percent of grafts were occluded at 7-10 days and an additional 9.4% of
grafts became occluded in the next year. At three years, a total of 135/696 (19.4%) of
grafts were occluded. The most recent trial to examine graft patency was the
PREVENT-4 trial of an oligonucleotide decoy that binds to and inhibits E2F transcription
factors and was thought to prevent neointimal hyperplasia and vein graft failure.(76)
This strategy was negative but the control group provided a modern day look at patency
rates in coronary artery bypass grafting (Figure 8). At 1 year, almost one-half of patients
had at least one occluded graft, and approximately 30% of saphenous vein grafts were
occluded.
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Figure 6. One Year Coronary Bypass Graft Patency in the PREVENT-IV Trial

With improved rates of restenosis with drug-eluting stents, the fundamental question now
becomes: Is a drug-eluting stent better than a coronary artery graft? The high bar for
patency and durability established by internal mammary artery grafts to the left anterior
descending coronary artery will be difficult to surpass with any percutaneous strategy.
However, in some patients with disease requiring placement of supplemental saphenous
vein grafts, it is likely that intermediate- and long-term patency rates of native vessel
obstructions treated with drug-eluting stents will exceed that of those treated with bypass
with a saphenous vein graft. Physicians will be required to predict not only the risk of
restenosis, but also which patients are at high risk for disease progression and would
benefit from the protective effect of a saphenous vein graft. Similarly, physicians will
need tools to identify lower-risk patients who have discrete obstructive lesions that can be
treated with drug-eluting stents and aggressive risk-factor modification, with the
expectation that they are unlikely to develop index-lesion restenosis or progression of
atherosclerosis in the same anatomic segment.

In most patients who receive CABG rather than multi-vessel PCI, the clinical benefit is
confined to angina relief and freedom from further revascularization. In non-diabetic
patients, this difference is due primarily to restenosis at PCI sites. This conclusion is
supported by near identical rates of target lesion and target vessel revascularization in
both bare-metal and drug-eluting stent trials, reflecting low rates of disease progression.
Intermediate-term results of drug-eluting stent trials have shown vessel patency rates
which appear superior to those historically seen with saphenous vein grafts. These
observations have set the stage for large randomized trials of drug-eluting stents versus
CABG to see if this 70% reduction in restenosis rates will extrapolate to decreased long-
term rates of revascularization and freedom from angina.

As an interim look at this question while randomized trials are ongoing, the ARTS
investigators conducted ARTS II (77), a registry designed to enroll patients similar to
those in ARTS I and treat them with drug-eluting stents and compare outcomes with
ARTS I CABG and bare-metal stent patients. This comparison is inherently unfair as
CABG and PCI techniques and post-procedure care continue to improve, a point
highlighted by the low 5-year mortality (7.6%) seen in the CABG arm of the ARTS trial.
However, even while taken in context, the 1-year event rates in the drug-eluting stent
group are promising  As shown in Table 7, despite more three vessel disease, more
lesions, and more stents placed per patient, 91.5% of patients were free from repeat
revascularization at one year, a number that compares favorably with the 95.9% rate seen
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in the CABG group from ARTS I. Clinical MACCE rates were also similar in the drug-
eluting stent and CABG groups (10.4% vs. 11.6% respectively). Similar improvements
were noted in the diabetic patients.

Table 7. ARTS II Multi-vessel DES Registry vs ARTS I Trial

Event ARTSII ARTSIPCI ARTSICABG
n-=607 n=600 n=605
(%) (%) (%)
Mortality 1.0 2.7 2.7
Stroke 0.8 1.8 1.8
MI 12 5.0 35
Repeat Revascularization
CABG 2.0 4.7 0.7
PCI 5.4 12.3 3.0
ANY 10.4 26.5 11.6
MACCE

In diabetic patients, the questions will be more complex. While the reduction in
restenosis rates in diabetics with drug-eluting stents is significant, diabetics are also more
prone to progression of atherosclerosis.(78-80) The protection afforded by bypass
grafting in diabetic patients will need to be weighed against the increased morbidity and
mortality of CABG. This will require trials of large numbers of diabetics focused on
intermediate and long-term clinical outcomes, rather than just native vessel and graft
patency alone.

Conclusions: PCI versus CABG

The placement on stents of anti-proliferative drugs designed to inhibit the migration and
proliferation of vascular smooth muscle cells which defines neointimal hyperplasia has
led to striking reductions in rates of restenosis. This reduction in restenosis has the
potential to dramatically alter the approach to patients with symptomatic coronary artery
disease. While unlikely to surpass the longevity and efficacy of internal mammary artery
grafts, the potential exists for drug-eluting stents to be proven a more durable means of
revascularization than CABG using saphenous vein grafts. As differences between need
for further revascularization between CABG and drug-eluting stent PCI narrow, clinical
investigation will need to focus on longer-term outcomes, better detailing of restenosis
risks, and delineating which patients are at increased risk for accelerated progression of
atherosclerosis. This information must be placed in context with additional forthcoming
safety and efficacy long-term follow-up information on drug-eluting stents. In an era
when both coronary intervention and CABG are improving, it will likely take careful
randomized trials of the best each revascularization strategy can offer to allow physicians
and patients to make the correct choice between PCI and CABG.
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Conclusions: Medical Therapy or Revascularization for Stable Coronary Artery
Disease

Despite two decades of consistent research findings, physicians and patients still struggle
with the concept that severely obstructive stenoses in coronary arteries are not the main
culprit for morbid follow-up events, namely myocardial infarctions and death. The
fibrotic lesions which produce chronic angina are less likely to rupture and precipitate an
acute coronary syndrome than are the subtle, non-obstructive lipid-filled plaques which
more frequently populate the coronary vascular tree. For this reason, relief of severe
coronary obstructions with percutaneous angioplasty and stenting is not protective against
future myocardial infarction in most patients. A coronary artery bypass graft may be
protective, but only if the subsequent plaque rupture is proximal to the graft insertion and
the graft is patent.

The recent findings of the COURAGE and OAT clinical trials highlight the successes
obtained with medical therapy over the past 20 years, showing that when patients are
treated with intensive medical therapy combined with sustained lifestyle interventions,
revascularization can be safely deferred. This observation is true for patients with multi-
vessel disease and inducible ischemia, though this strategy has not been adequately tested
in higher-risk patients. These results do not apply to those patients with markedly
depressed left ventricular function and early positive exercise tests. Given less than 1 in
10 patients screened were enrolled in COURAGE and OAT, many patients with high risk
anatomy were likely excluded, making conclusions as to the applicability of these data in
these types of patients difficult. Most patients in COURAGE had symptoms of angina,
and caution should be exercised in extending trial results to asymptomatic patients with a
large burden of ischemia, a population which may be at higher risk when treated
medically.(81) Finally, women and minorities are underrepresented in these trials and the
conclusions may not be generalizable.

Approximately one-third of patients treated with an initial strategy of optimal medical
therapy will require revascularization, either for symptoms or for a subsequent acute
coronary syndrome. Decisions regarding revascularization should be based on the extent
of coronary disease as well as the location. In patients without diabetes or left main
disease, most patients can be treated with percutaneous intervention with equivalent
outcomes to coronary bypass surgery. Diabetics with multi-vessel disease and patients
with extensive atherosclerosis are likely to benefit from the protection that coronary
artery bypass grafting provides against the progression of atherosclerosis. While coronary
bypass surgery has traditionally provided better relief from angina, the lower restenosis
rates seen with drug-eluting stents are likely to minimize that advantage and may tilt the
scales in favor of coronary intervention for many patients. Drug-eluting stents, however,
are unlikely to impact rates of death or myocardial infarction.

Above all, these trials highlight the point that patients receiving revascularization should

also receive both optimal medical therapy and lifestyle modifications. While an upfront
strategy of coronary intervention may not be preferable, coronary intervention performed
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in “medically-optimized” patients provides symptom relief and comparable long-term
outcomes. For patients with stable coronary disease, medical treatment and coronary
intervention should be thought of as complementary, not mutually exclusive strategies.
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