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ABSTRACT 

For coronary artery disease (CAD) patients, who cannot be managed with risk 

factor modification and pharmacologic medical therapy, coronary artery bypass graft 

surgery (CABG) and percutaneous coronary intervention (PCI), are the primary means of 

treatment. CABG has been considered the standard for patients who are 'high-risk,' 

because of anatomic or fimctional characteristics, but stents and modem pharmacologic 

adjuncts have made PCI much more competitive. Additionally, as the population ages 

and becomes more comorbid, some of the features of CABG that allowed 'control' of 

functionally high-risk patients (such as general anesthesia and heart lung bypass) become 

disadvantages, especially for hemodynamically unstable patients. This dissertation 

summarizes the only prospective, multicenter, randomized clinical trial (RCT), and 

prospective registry of CABG versus PCI, specific to high-risk patients: AWESOME. 

Previously unpublished 5-year survival data is analyzed in the context of the published 

AWESOME randomized trial, registry and pre-specified subset 3-year results. Qualitative 

summaries of all published RCTs comparing medical therapy with CABG or PCI and 

comparing PCI (with or without stents) with CABG are included (Appendix B). Taken 

together, these data allow the conclusion that PCI is not simply an alternative for high-

risk patients, but that for specific patient groups, such as ST-elevation myocardial 

infarction (STEMI), hemodynamically compromised unstable angina/non-STEMI, and 

patients with major comorbidity, PCI is the preferred initial revascularization strategy in 

2004. 
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CHAPTER 1 

INTRODUCTION: THE ROADS TO THE AWESOME TRIAL 

To the age of the hearer, in which men heard and heard 
only, had succeeded the age of the eye, in which men had 
seen and only been content to see. But at last came the age 
of the hand- the thinking, devising, planning hand, the hand 
as an instrument of the mind, now reintroduced into the 
world in a modest Uttle monograph from which we may 
date the begirming of experimental medicine, (de Motu 
Cordis) 

From the 1906 Harveian Lecture (in honor of William 
Harvey and Exercitatio de Motu Cordis et Sanguinis in 
Animal ibiis: Treatise on the Motion of the Heart and Blood 
in Animals), delivered to the Royal College of Physicians, 
London by Sir William Osier. 

Coronary Artery Disease (CAD): Heterogeneous in Presentation and Outcome 

Coronary artery disease (CAD), the leading cause of death in the 'developed 

world', refers to a heterogeneous group of clinical presentations, or syndromes, all of 

which derive in one way or another, from obstruction to flow of blood through the heart 

arteries (1-8). Obstruction can occur over seconds to minutes (acutely), as a result of 

mechanisms such as vasospasm, plaque rupture, and/or thrombosis (1-4). Obstruction can 

also occur over years, as a result of plaque progression (atherosclerosis) and repeated 

thrombotic accumulation (5-8). 

Oxygen is needed continuously for heart fimction, and heart muscle caimot store 

oxygen; so an uninterrupted flow of blood to the heart is required. Interruption of blood 

flow leads to a state of insufficient oxygen and substrates called ischemia. Ischemia can 

cause symptoms (angina pectoris or dyspnea), myocardial dysfunction (resulting in 
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hypotension or acute pulmonary edema or even shock), or electrical instability, 

culminating in rhythm disturbance and even sudden cardiac death (SCD). Ischemia, 

which is prolonged beyond some critical time, is associated with death of heart muscle or 

myocardial infarction (MI). Myocardial infarction is currently divided into ST-elevation 

(STEMI) and non-ST-elevation MI, as determined from a 12-lead electrocardiogram 

(ECG) (1-4). STEMI is associated with complete thrombotic occlusion of the infarct-

related artery in —90% of cases, and STEMI patients benefit from emergency reperfrision 

by either thrombolytic drugs or primary angioplasty (PCI) (1,2). Non-STEMI is 

associated with complete thrombotic occlusion in less than % cases and the use of 

thrombolytics has not been shown, so clearly, to be beneficial; nonetheless, an early 

invasive strategy which usually involves coronary angiography and PCI within 48-72 

hours of presentation, has been shown to benefit high-risk (as defined by ECG and serum 

markers) non-STEMI patients (3,4). As a result of a single large MI, or the combination 

of several Mis, ischemic cardiomyopathy and chronic congestive heart failure (CHF) may 

ensue. 

At this time (2004), there is no known cure for CAD. There are recognized risk 

factors for CAD, such as smoking, elevated blood lipids, particularly total cholesterol and 

LDL cholesterol, elevated blood pressure, diabetes mellitus, femily history and increasing 

age. Reductions in several risk factors, such as LDL cholesterol and blood pressure, have 

been associated with reduction in CAD event rates, including mortality. 

In addition to risk factor modification, there are 3 treatment strategies for patients 

with clinically evident (prior MI; stable angina; unstable angina/ non-STEMI; prior SCD 
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with evidence of ischemia and/or coronary angiographic documentation; CHF from 

ischemic cardiomyopathy; coronary angiographic evidence of CAD in an asymptomatic 

subject) CAD: 

• Medical therapy, which currently includes such things as antiplatelet agents (9-

13), anticoagulants (132-136), lipid-lowering drugs (14-30), beta-blockers (31-

62), angiotensin-converting en2yme inhibitors (ACE-I) (63-85) or specific 

angiotensin receptor blockers (ARB), glycoprotein Ilb/IIIa receptor inhibitors 

(86-93), thrombolytics (137-166), and anti-anginal agents, such as: nitrates, and 

calcium-channel blockers (94-106; 107-114; 183-188; 539-540; 543-546), 

• Coronary artery bypass graft surgery (CABG) (5,6; 94-106; 115-130; 167-177; 

178-182; 189-193; 311-377; 463-468; 469-523; 524-527; 541), and 

• Percutaneoxis coronary intervention, which now includes not only balloon 

dilatation, but also metal scaffolds or stents, including drug-coated and drug-

elutitig stents (DES), various atheroablative techniques, such as laser, directional 

atherectomy or rotablator, and various clot-removing technologies, and distal 

protection (7,8; 107-114; 115-130; 132-135; 137-166; 167-177; 189-193; 194-

229; 230-247; 248-310; 378-462; 528-531; 542; 547-568). 

Given that both PCI and CABG involve short and long term risks, as well as cost, a 

clinical concept, which often proves helpfiil, is 'medical refractoriness' (94-114,183-

193). If a patient's symptoms and signs of myocardial ischemia persist despite an 

'optimal' medical regimen, the patient may be said to be medically refractory and urgent 

diagnostic coronary angiography, with an eye towards revascularization, by either CABG 
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or PCI, may be easily defended. Conversely, if signs and symptoms of ischemia can be 

promptly and completely relieved with medical therapy and risk fector modification, the 

need for coronary angiography is less compelling (183-193). 

Acute coronary syndrome (ACS) refers to a heterogeneous subgroup of presentations 

of CAD, all of which involve symptomatic myocardial ischemia, and all of which occur 

acutely (over minutes to hours) (3,4,131-166). ACS includes STEMI (137-166), non-

STEMI (131-136), and unstable angina without myocardial infarction (1-4; 131-166). 

Additionally, because the vast majority of patients with acute pulmonary edema, acute 

congestive heart failure, and cardiogenic shock, have either STEMI or non-STEMI, ACS 

accounts for most cardiac emergencies (1-4; 194-229). The heterogeneity of the CAD 

populations with ACS, coupled with the emergency nature of care has made it difficult to 

define, enroll, randomly allocate, and follow many of the subsets for whom caregivers 

require evidence to identify which treatment options are clearly preferable (194-229). In 

day to day practice this haii led to the habit of making inferences regarding therapeutic 

choices (for example continued medical therapy versus PCI versus CABG) from trials of 

Medicine versus CABG or PCI versus CABG) which excluded the categories of patient 

with which one is confronted (1-8; 94-106). For example, the most recent editions of the 

American College of Cardiology (ACC)/ American Heart Association (AHA) Guidelines 

have stated that patients with cardiogenic shock and 3-vessel disease should receive 

CABG rather than PCI (1-8). Nonetheless, not one cardiogenic shock patient has been 

allocated randomly between CABG and PCI (194-229). Similar directives are made with 

regard to left main stenosis, in a patient with STEMI or non-STEMI, vis a vis CABG 
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versus PCI (1-8V Except for a few patients in the AWESOME trial, patients with acute 

MI (STEMI or non-STEMI) have been excluded from all randomized trials comparing 

CABG and PCI (137-166: 173-177). 

Medical Therapy: Relief of Symptoms, Prolonging Survival and 'Medically 

Refractoiy' 

Medications that reduce the work of the heart (primary effect) or enhance 

coronary blood flow, may be used as antianginal therapy for patients with sjonptoms of 

myocardial ischemia (stable angina or unstable angina). Traditionally, this meant nitrates, 

beta-blockers and/or calcium channel blockers, in some combination 9 (1,3; 9-13; 31-62; 

183-188). We developed the theme, in our 1992 text. Medically Refractory Rest Angina 

(Marcel Dekker, New York), that aspirin therapy, and a combination of these antianginal 

drugs, which led to relative resting bradycardia and/or relative resting hypotension, 

constituted the limits of medical therapy, or 'medically refractory'. 

In the interun, a large amount of evidence has accumulated from multiple, large, 

prospective, randomized clinical trials supporting the notion that a number of CAD 

subsets are likely to have improved survival if they are treated with 'adequate doses' of 

several different categories of drugs. For example, the post-MI subset is likely to 

experience improved survival with daily aspirin (180-325 mg) (9-13), beta-blockers 

titrated to randomized clinical trial (RCT) doses (31-50), and statin drugs, also titrated to 

RCT doses (14-30) Similarly, patients with or without symptomatic CHF, who have 

severely reduced left ventricular ftinction, defined as left ventricular ejection fraction 

(LVEF)<. 35 have been shown to have survival benefit if titrated to RCT doses of both 
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ACE-I (63-85) and beta-blockers (51-62). More recent studies suggest that CAD patients 

without LVEF<. 35 may benefit from ACE-I. Accordingly, these categories of medical 

treatment must be added to risk factor modification and symptomatic treatment, to 

complete the picture of optimal medical management, or medically refractory (183-188). 

We proposed, in our 1992 text. Medically Refractory Rest Angina (Marcel Dekker, 

New York), and in the planning of the AWESOME trail, that the case for high-risk 

intervention (PCI) was most clear among patients who continued to manifest ischemia, 

despite optimal medical therapy (that is, medically refractory patients). Clearly, this 

concept is both subjective and prone to emotional overtones (since it is used as a rationale 

for revascularization). Moreover, as above, the term continues to evolve. Nonetheless, 

medically refractory continues to be a useftil clinical concept, for the following reasons: 

• Most patients would prefer to take pills, rather than undergo 'invasive procedures, 

such as cardiac catheterization, PCI, or major surgery, like CABG, 

• The numbers of patients in prospective RCTs of varioxis medical forms of 

therapy; the heterogeneity of patients randomized between medical therapies, with 

attendant generalizability of the results; and the strength of the survival data from 

those trials, all strongly support the likelihood of survival enhancement with 

combined risk factor modification and aggressive medical management (9-93). 

• The limited (in size, scope and number) comparisons of any medical regimen with 

either CABG or PCI provide Uttle evidence that either CABG or PCI enhance 

survival compared to contemporary optimal medical management (94-114). (See 

also Appendix B: Tables of the World's Literature of Medical Therapy of 
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Coronary Artery Disease (CAD) versus either form or Revascularization (CABG 

or PCI.) 

• The risks associated with risk factor modification and medical therapies are 

substantially less then the risk of PCI (378-462), which in turn, is generally less 

than the risk of 'uncomplicated' CABG (9-93; 183-193; 311-377; 463-468; 469-

523; 524-527; 528-531). 

Coronary Artery Bypass Graft Sui^ery (CABG) as a Therapeutic Option 

The use of cardiopulmonary bypass to allow harvest of saphenous veins and 

construct reverse saphenous vein grafts around obstructed portions of the coronary tree, 

or CABG, was first performed in the late 1960s (5, 6). Early reports documented relief of 

myocardial ischemia (for example ECG ST depression) and symptoms, referable to 

ischemia (angina). Other surgical attempts to enhance myocardial blood flow, without the 

need for cardiopulmonary bypass (and attendant cardiac arrest), such as the Beck 

procedure had also been associated with reUef of angina (without objective 

documentation of ischemia reliel), and skeptics argued that perhaps angina relief with 

CABG was either a placebo effect or a distraction caused by the severe pain of the 

procedure itself. 

The calls for randomized trials comparing CABG with the medical management 

of the day were met among patients with stable symptoms, in the Veterans Affairs 

Cooperative Study, European Cooperative Study and the NIH sponsored Coronary Artery 

Surgery Study (CASS) in the 1970's (94-106) (Appendix B: Table 1). Besides limiting 
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enrollment to stable patients (no unstable angina or MI within 30 days), these moderate 

sized trials (-1000 or less) excluded patients who were elderly; who had LVEF<. 35; 

who were hemodynamically unstable or otherwise emergent (surgery must be within 24 

hours); who had 'unfavorable anatomic targets, such as diffixse CAD; who had clinically 

significant comorbidity, or disease of other organ systems; and who had undergone prior 

open-heart surgery (94-98; 106). 

Two additional trials, one from the VA and the other from NIH, were somewhat 

smaller efforts to look specifically at patients with unstable angina, albeit MI< 7 days was 

an exclusion criterion (99-106) (Appendix B: Tables 1, 3). Based on what information 

was available at the time, risk fector modification, in the form of smoking cessation and 

blood pressure control were 'encouraged'; but the data for favoring blood pressure 

control with either beta-blockers or ACE-I, or in support of the 'lipid hypothesis', as well 

as statin drugs, were not yet available. Accordingly, the medical arm is nowhere near 

contemporary standards (94-105). 

Based upon the moderate numbers of relatively homogeneous patients who were 

randomized, these trials did serve to establish a survival benefit with CABG relative to 

the medical management of the day, for patients with left main narrowing (> 50% 

diameter narrowing; based on 92 patients in the first VA trialH. 3-vessel CAD, and 2-

vessel CAD with proximal involvement of the left anterior descending artery and or 

mild/moderately reduced left ventricular ftmction (defined as .35<LVEF<. 55) (94-106). 

It is important to emphasize that data from multiple epidemiological studies, of 

this period, documented the importance of'extent of CAD', in terms of 1 versus 2 versus 
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3-vessel disease, and 'extent of left ventricular dysfunction', in terms of reduced left 

ventricular ejection fraction (LVEF) as major predictors of short and long-term mortality 

among stable and unstable angina, CAD patients. Extent of CAD and extent of LV 

dysfiinction are also risk fectors for CABG mortality (1-8; 178-182; 189-193). Therefore, 

two of the major predictors of long-term risk, and procedural risk, were also identifiers of 

the groups most likelv to gain long-term benefit with CABG versus medical therapy. This 

is the origin of what we have chosen to call 'the revascularization paradox', whereby 

patients who have the most to gain from revascularization are sometimes denied it 

because of the perception of elevated short-term risk. In any case, two important 

psychological/ philosophic concepts developed about the use of CABG: 

• A surgeon and his/her patient, must be prepared to accept some short-term risk in 

order to gain the hope of long-term benefit, or speaking in visceral terms, "No 

guts; no glory". 

• CABG is 'at its best' for high-risk (in terms of extent of CAD and extent of LV 

dysfunction) patients (5, 6; 178-182; 189-193). 

The risk of adverse outcome among patients with CAD is multifactorial and the 

extent of coronary artery disease (number of vessels and branches with significant 

narrowing: number and complexity of lesions^ and extent of left ventricular dysfunction 

are but 2 components of risk (178-182; 189-193; 311-377;322-463-468; 469-523; 524-

527; 528-531). Some of the other components of risk of adverse outcome exhibit the 

same paradox (194-229), whereas others (particularly comorbidity or disease of other 
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organ systems and/or pathophysiology) manifest only increased risk, not potentially 

increased benefit from revascualrization (311-377; 463-468; 469-523; 524-527; 528-

531). 

Considering the extraordinary medical advances, which were required to make 

surgery on the human heart possible, provides a reference point, relative to the 

consideration of up-front risk of procediiral adverse outcome. Uncomplicated CABG 

requires: 

• General anesthesia, 

• Intubation of the airway and controlled mechanical ventilation, 

• Opening boththoraces, 

• Opening the pericardium, 

• Opening the aorta, 

• Arresting (and subsequently restarting) the heart, 

• Taking over the job of the heart and lungs with cardiopuhnonary support, 

• Replacement ofblood and blood products. 

All of these components provide a degree of'control' but each also comes at risk of 

short-term adverse consequences (for example hepatotoxicity of anesthetic agent, or 

aspiration or atelecasis with intubation and mechanical ventilation) (5, 6; 469-523). 

An additional consideration is that bypass grafts can be constructed for many 

vessels, which are angiographically occluded, but have collateral flow (we will see this is 

not the case for PCI, if a wire cannot be forced across the occlusion) (5-8; 94-106; 230-

247). Coupled with the trial data on 3-vessel CAD, the philosophical concept of 



26 

'complete revascularization' with CABG (every large vessel with an angiographic 

obstruction) became entrenched (5, 6). 

Percutaneous Coronary Intervention (PCI) as a Therapeutic Option 

PCI was introduced in 1977 (7, 8). Like CABG, early reports documented relief 

of symptoms and objective relief of ischemia. Particularly, given the presence of an 

established (by RCT) revascularization option, CABG, there were near immediate calls 

(from surgeons) for medical versus PCI and PCI versus CABG randomized trials (5-8). 

Regarding patients with stable symptoms (as seen in Appendix B: Table 2) (107-

114), much of what has been said about the medical versus CABG studies, applies to 

medical versus PCI trials. There is only one trial (RITA-2) with 1000 patients (111). 

AVERT, which proposed to test medical therapy versus PTC A, really only mandated 

statin use in the control arm (112). The iirst and largest (n=212) ACME report (110), and 

MASS I and II (114), were aU Umited to patients with single vessel CAD. ACIP (Uke the 

SHOCK trial in cardiogenic shock and the unstable angina/non-STEMI trials) was 

actually a strategy of revascularization versus no revascularization trial, not a direct 

comparison of CABG versus PCI (113; 131-136; 204-211). 

In stark contrast to CABG, PCI does not routinely involve most of the strategies 

employed to obtain 'contror. Accordingly, if an artery acutely occludes and a patient 

begins to experience an MI, there is substantially less control over patient vital signs 

(blood pressure, heart rate and rhythm), and vital organ perfiision (378-462). Particularly, 

in the time before stents began to afford some control over occlusive dissection or spasm, 
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and glycoprotein Ilb/IIIa inhibitors and thienopyridines came to afford some control over 

occlusive thrombus, this 'lack of control' argued persuasively for single vessel, single 

lesion PCI in patients who had normal pump function and little or no comorbidity (86-93; 

167-177). (See Appendix B: Tables 3, 4.) Renarrowing, some months after a PCI, known 

as restenosis, was recognized in up to 40% of some subsets, but repeat PCI was lower 

risk than initial PCI; this is also in contrast to CABG, where repeat CABG is associated 

with 3-5 X higher risk than initial CABG and an early (days) return to the operating room 

may be associated with many times the mortality of the original surgery (1-8). In short, 

the philosophic/ psychological stance of early PCI might be compared to that of CABG: 

• Viscerally speaking, 'Start low, go slow' (107-114), and 

• 'PCI is for low-risk patients.'(7,8) 

Epidemiology and Clinical Evidence from Populations 

Every day, caregivers must make decisions, based upon data that is incomplete. In 

the care of patients with ACS, one must decide: 

• Which medicines and in what dose? 

• What constitutes failure of medical therapy? 

• Whether to undertake coronary angiography? 

• Whether revascularization is appropriate for this patient? 

• If so, CABG or PCI? 

In many cases, the knowledge base about a particular patient is supplemented, by 

obtaining additional evaluations, such as electrocardiograms (ECG); blood tests, such 
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as troponins, or lipid levels; imaging studies, such as echocardiograms; or 

provocative tests for ischemia, such as dobutamine echocardiography or persantine 

sestamibi studies (183). 

Far more difficult is trying to supplement knowledge about how groups of similar 

patients are likely to fare given this course or that course of either diagnostic or 

therapeutic action. As a number of students of this field have suggested, there is a 

hierarchy of evidence: 

• Case reports, or small series document what is possible, albeit neither necessarily 

probable nor optimal (434, 435,439). 

• Retrospective case series, whereby an individual practitioner or group collected 

their consecutive cases and teased a hypothesis out of the data, constitute many of 

the 'classic' studies of CAD; examples include many observational studies of PCI 

and CABG complications (378, 380, 381, 390, 404,). Although hypothesis 

generating, selection biases of both types of patients and types of data, 

confounding variables, and information biases, combine to limit the usefulness of 

this type of study. 

• Prospective registries can eliminate some of the problems, particularly 

misclassification, when it derives jfrom looking back with a hypothesis in mind 

(the NHLBI registries of PTCA and the CASS registry of CABG are among many 

examples) (385-388; 463-468). If the definitions of inclusions, exclusions, 

intervention, and outcome are declared in advance and adhered to, this represents 

a much stronger source of decision-making information. Nevertheless, 
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confounding, lack of an appropriate control and observational biases are among 

the serious issues, which remain. 

• Another step toward stronger decision-making information is the inclusion of a 

control group. Concurrent controls are clearly more usefiil than historical controls 

because of the many changes in diagnostic and therapeutic practice with time 

(time trends). 

• There is abundant confirmatory evidence that random-allocation: 

o Eliminates significant selection (allocation between intervention and 

control) bias, 

o Provides balance between the control and intervention cohorts in both 

measured and unmeasured prognostic factors, or covariates, 

o Assures the validity of basic statistical tests, 

o Provides concurrent control so that observed outcomes are not attributable 

in part to time-trends, and 

o Is most likely to compel assent on the part of practitioners (183, 184, 188, 

193). 

Randomized Clinical Trials (RCTs) and the Advance of Medical Practice 

The prospective, randomized clinical trial, whereby patients are prospectively 

allocated, at random, to either a control or active intervention arm or between multiple 

intervention arms, is the controlled experiment of clinical therapeutics. As good as it is, 
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every RCT has hmitations. Specific issues of importance in the design, conduct and 

ultimate interpretation of RCTs include: 

• Adequate sample size to ensure even distribution of potentially confounding 

variables, even with random allocation, 

• Adequate sample size to ensure that a failure to detect a measurable difference in 

outcome between the control and intervention cohorts is not merely a reflection of 

Type II error, 

• Clear enough definition of inclusion criteria to know exactly to which groups of 

patients the results apply, 

• Unambiguous (i.e. measurement error is within clinically acceptable limits) and 

clinically important outcomes (surrogate outcomes have unfortunately proven in 

the case of both the PVC hypothesis and sudden cardiac death, and cardiac output 

improvement and long-term survival with congestive heart failure, to be 

directionally discordant, not simply quantitatively different!!) 

• No major misclassification across control and intervention arms (this may require 

scheduled testing for both groups, blinded collection of data and/or central 

adjudication of results). 

• Good clinical practice effectively means trying to 'bias' the patient's outcome for 

the better. This human tendency is dealt with in drug trials by 'blinding' care 

providers; it is far firom more difficult to deal with in trials comparing procedures 

by 2 competing groups of physicians, where effective blinding is not possible 

(183, 184, 188,193). 
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Once all of the methodological issues have been attended to, and internal validity 

is established: one can infer that the outcome differences are a result of the differences 

between control and intervention. What remains is generalizability or external validity, 

and specifically, "How does one apply the results of RCTs to patients who were 

systematically excluded from the trials?" The overwhelming temptation for many 

clinicians and especially aficionados of 'evidence-based' medicine is to extrapolate the 

results of trials, which included similar patients, despite the fact that the patient in 

question meets one or more clear exclusions for the trial. This is unjustified; in fact, a 

similar RCT of excluded patients might not only be qualitatively dissimilar, it might be 

directionally opposite. For example, in VA Cooperative Medical versus CABG, 

European Cooperative Medical versus CABG, and CASS, CABG had better long-term 

survival than medicine for patients with 3-vessel CAD and .35< LVEF <.55 (94-106). 

Over and above the fact that medical therapy in 2004 includes routine aspirin; routine 

statin to either LDL or dose target; routine beta-blocker to RCT dose for all post-Ml 

patients; routine ACE-I for LVEF<.40, we do not know that long-term mortality for 

patients with LVEF<.35 or <.20 might not have been better with medicine than CABG, 

both in the 1970s and now (178-193). Similarly, we have no idea whether 3-vessel 

disease favors CABG over PCI for acute pulmonary edema or cardiogenic shock because 

there has never been a trial comparing CABG versus PCI, which included acute 

pulmonary edema or cardiogenic shock patients (194-229). 
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The Denver Veterans Affairs Conundrum, the 'Salvage Hypothesis', and the 

AWESOME Hypothesis 

Congress mandated a VA-wide surveillance of outcomes of CABG, which came 

to be run out of the Denver VA, This large prospective registry not only recorded site-

specific outcomes but also gathered baseline demographic data, which was repeatedly 

analyzed using logistic regression analysis to identify predictors of short-term operative 

mortality and ultimately develop predictive equations. In turn, it was possible to use these 

equations to calculate expected operative mortalities and compare site-specific outcome 

to the mortality that would have been expected at a 'composite' or average VA. The 

observed/ expected ratio provided a means of comparing VAs while 'controlling' for 

their patient mix. At the same time, 

• the logistics of iixed income (as opposed to fee-for-service)system favored 

managing patients medically until they failed medical therapy, 

• the regional nature of the VA system meant that aU of the VAs without 

catheterization, CABG, and PCI would send their medical failures into the 

regional site (such as Denver) for treatment, and 

• the greater age and comorbidity of patients receiving care in the VA system, are 

synergistic in producing a particularly high risk population. 

All of these factors came together to create in the late 1980s a number of patients at the 

Denver VA who all had unequivocal myocardial ischemia, which was refractory to 

optimal contemporary medical care, and anatomic coronary artery disease which 
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technically could be revascularized by CABG, but who had a combination of riskfactors 

for early CABG mortality, which made our surgeons reluctant to offer them CABG. 

At first glance, it may seem counterintuitive to consider the low-risk 

revascularization option, PCI, for patients who have been 'turned down' for the high-risk 

option, CABG, because thev are too high-risk. Indeed, if anatomic extent of CAD, and 

extent of left ventricular systohc function were the only components of risk, such an idea 

might not seem worthy of flirther thought. However, acute ischemic, hemodynamic, and 

electrical instability and major comorbidities are all elements of risk which potentially 

can be exacerbated by one or more of the elements of CABG 'control" (general 

anesthesia; thoracotomy; cardiopulmonary bypass; cardiac arrest; etc). Additionally, the 

development of the 'culprit lesion' concept, whereby an operator attempts to identify 

which one of a multivessel CAD patient's vessels/lesions is causing the acute ischemia 

and dilating that one to stabilize the acute syndrome, ushered in a new paradigm. We 

called it 'salvage angioplasty' to take a patient with medically refractory myocardial 

ischemia, who had been refiised CABG, for a PCI without surgical standby (when that 

was the standard of care in the community, mid official VA policy). In Catheterization 

and Cardiovascular Diagnosis 1992; we published 34 consecutive cases, whose observed 

30-day PCI mortality was 11% (4/34) in conq>arison to predicted CABG mortality of 

25% (they had all been refiised CABG anyway). We concluded that PCI might be 

alternative for some patients who were felt to be too high risk for CABG. 
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After more experience, we began to question whether there were not many 

patients whose risk profile was such that PCI might be preferred even when the surgeon 

had not reached the threshold of adamantly refusing. In contrast to the 'salvage 

hypothesis', which only applied to patients refused by surgeons for CABG, the 

'AWESOME hypothesis' was about an area of equipoise between contemporary PCI and 

CABG. This is the clinical arena from which a prospective randomized clinical trial could 

be developed. We specifically envisioned patient subsets who had been systematically 

excluded from every previous trial of Medicine versus CABG; Medicine versus PCI; 

and PCI versus CABG (see Appendix B Tables 1-6), such as: 

• Acute myocardial infarction 

• Hemodynamically unstable, including acute pulmonary edema and/or cardiogenic 

shock; Intra-aortic balloon counterpulsation required was a surrogate for these 

clinical forms of instability, 

• Very elderly, 

• Severely reduced left ventricular ftinction, 

• Prior CABG, 

• Intravenous medications (such as nitroglycerin and/or pressors) required, 

We brought together a number of authorities, including wherever possible, the 

principal investigators of the published medicine versus CABG and medicine versus PCI 

trials to publish a book which would summarize the world's literature and critically 

define (for purposes of trial design) terms such as 'unstable angina' (acute coronary 
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syndromes come later); medically refractory; myocardial ischemia; high-risk for CABG 

associated adverse outcomes; high-risk for PCI associated outcomes. The first result of 

this effort was the publication in 1992 oiMedically Refractory Rest Angina by Marcel 

Dekker New York. The second result was three consecutive annual courses on the 

Treatment of Unstable Angina at Breckinridge, Colorado from 1992-1995. The third 

result was a Grant proposal, which was ultimately funded, to commence planning of 

Veterans Affairs Cooperative Study #385, the Angina With Extremely Serious 

Operative Mortality Evaluation (AWESOME). 

We proposed a clinical trial to compare the long-term survival of patients with 

medically refractory unstable ischemia and high-risk of adverse outcome with CABG, 

randomly allocated between a CABG strategy and a PCI strategy. From the Veterans 

Affairs Continuous Improvement in Cardiac Surgery Program database, we identified 5 

risk factors associated with increased 30-day post-operative mortality. The risk factors 

were: 1) prior heart surgery; 2) age>70 years; 3) left ventricular ejection fraction (LVEF) 

<0.35; 4) intra-aortic balloon pump (lABP) prior to surgery; and 5) myocardial infarction 

(MI) <7 days prior to CABG. 



1992 Summary of Contemporary Care of the Unstable Angina Patient and Proposal 

for a Prospective, Randomized, Clinical Trial of PTCA Versus CABG in Rest 

Angina (From: Morrison DA and Sacks J: Summary: Medicine versus PCI versus 

CABG for High Risk Unstable Angina. In; Morrison DA and Serruys P, Editors. High 

Risk Cardiac Revascularization and Clinical Trials. Martin Dunitz, London 2002.) 

Theme 1: Acute coronary syndromes (ACS) encompass many of the most 

common and most difficult problems in contemporary cardiology. 

Theme 2: Some of the difficult clinical management problems with ACS patients 

arise from definitional imprecision or ambiguity. 

Theme 3; Some of the definitional ambiguity is soluble. 

Theme 4: The best method to test the relative merits of multiple therapeutic 

alternatives is the prospective, randomized clinical trial. 

Theme 5: As good as it is, there are limitations to the clinical usefulness of 

randomized clinical trials. 

Theme 6: There are 3 major treatment alternatives for patients with coronary 

artery disease (CAD) generally, and acute coronary syndromes (ACS), in particular. 

These 3 non-exclusive treatment options are: medical therapy, coronary artery bypass 

graft surgery (CABG), and percutaneous transluminal coronary angioplasty (PTCA), now 

called percutaneous coronary intervention (PCI), because of the addition of stents, 

Atherectomy devices, and other technologies to the 'plain old balloon only' methods of 

PTCA. 
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Theme 7: For patients with myocardial ischemia, which is refractory to medical 

therapy, CABG and PCI are the remaining alternatives. 

Theme 8: Given the high-risk of mortality associated with either PCI or CABG, in 

patients with medically refractory myocardial ischemia, a trial of PCI versus CABG in 

this subset could likely have survival as its primary endpoint. 

Theme 9: Short-term and long-term outcomes (survival) may be different. For 

example, PCI might be associated with better short-term survival, because it does not 

involve opening the thorax; placing the patient on mechanical ventilation; arresting the 

heart; placing the patient on cardiopulmonary support; transfusing large volumes to 

replace blood loss; etc. Conversely, because CABG has less occlusion/restenosis, and can 

approach chronically occluded vessels, thereby achieving more complete 

revascularization, long-term survival might be better with CABG. Based largely on 

epidemiological studies, completeness of revascularization is thought to predict improved 

clinical outcome, including survival. 

'Complete revascularization' was defined as: all major epicardial arteries (left 

anterior descending, including large diagonal branches; circumflex, including large 

obtuse marginal branches; right coronary artery, including large posterior descending and 

posterolateral braches) with >70% lumenal diameter stenoses are included in the 

revascularization procedure (either PCI or CABG). 

Theme 10: Given the numbers of patients with medically refractory rest 

ACS, who receive care within the U.S. Department of Veterans Affairs system, 

and the support Veterans have shown for clinical trials, a Veterans Affairs 



Cooperative prospective, randomized, clinical trial of PCI versus CABG for the 

treatment of medically refractory myocardial ischemia is practical and ethical, or 

a state of 'equipoise' existed. 
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CHAPTER 2 

THE AWESOME TRIAL AND REGISTRY: DESIGN AND CONDUCT 

In the lirst place, like a living organism. Truth grows, 
and its gradual evolution may be traced from the tiny germ 
to the mature product 

Secondly, all scientific knowledge is conditioned by the 
state of knowledge at the time of its announcement. 

Jenner could not have added to his Inquiry a discourse 
on immunity... 

Sir Willliam Perkin and the chemists made Koch 
possible. 

Pasteur gave the conditions that produced Lister.... 
'Mind begets mind' as Harvey says. 

And thirdly, to scientific truth alone may the homo 
mensura (Man as the measure of all things) principle be 
applied, since of all the mental treasures of the race, it 
alone compels general acquiescence. 

From the 1906 Harveian Lecture (in honor of William 
Harvey and Exercitatio de Motu Cordis et Sanguinis in 
Animalibus: Treatise on the Motion of the Heart and Blood 
in Animals), delivered to the Royal CoUege of Physicians, 
London by Sir William Osier. 

Study Methods 

The Angina With Extremely Serious Operative Mortality Evaluation 

(AWESOME) trial began enrollment in February 1995 and completed enrollment on 

March 31, 2000. Over the 5-year period, 16 Veterans Affairs Medical Centers 

participated, with 11 sites enrolling throughout the entire period, and 5 enrolling for 

periods of 2-3 years. This multi-center, clinical trial was designed to compare long-term 
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survival among patients with medically refiractory myocardial ischemia and high risk of 

adverse outcomes randomly assigned to either a CABG or a PCI strategy, which could 

include stents. (See Appendix A: 1-2.) 

Patient Selection 

Patient screening took place in a five-step process. The first three steps consisted 

of identifying clinically eligible patients, who had myocardial ischemia, which was 

medically refractory, and one or more of the five risk factors. Myocardial ischemia was 

defined as one or more of the following: a) rest angina with reversible 

electrocardiographic changes; b) rest angina in a patient with prior MI or 

angiographically confirmed CAD; c) recurrent rest angina; d) rest angina within 7 days of 

an acute MI; or e) unstable angina which had been stabilized medically, with a 

subsequent positive provocative test for ischemia. Medically refractory was defined as 

ischemia which persisted despite a regimen which included: aspirin and/or intravenous 

heparm and at least one of the following: heart rate<60 beats/min and systoUc blood 

pressure<120 mm Hg; enough antianginal drug so that resting heart rate<70 beats/min 

and/or systohc blood pressure< 150 mm Hg; intra-aortic balloon pump required to 

stabilize; or significant contraindication to both beta blocking and calcium blocking 

agents. The definition of medically refractory had to be broad enough to safely include 

very elderly patients, patients with severe degrees of ventricular dysfiinction, and patients 

with advanced degrees of pulmonary, renal or hepatic comorbidity. To be considered 

high-risk, the patient had to have one or more of the five risk factors associated with 

increased 30-day operative mortaUty. Specific exclusions from the randomized trial 
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included any of the following: single vessel circumflex disease; unprotected (ungrafted) 

>50% left main stenosis; no graftable or dilatable vessels; co-morbidity likely to limit the 

patient's life to a greater extent than his (her) coronary disease; or angioplasty within 6 

months. 

Patients who met the 3 clinical eligibility criteria (myocardial ischemia; medically 

refractory; high-risk of adverse outcomes with CABG) underwent coronary angiography, 

which was reviewed by both a surgeon and an interventional cardiologist. Clinically 

eligible patients who had coronary anatomy deemed acceptable for random assignment 

between revascularization strategies were approached for informed consent to participate 

in the trial. 

A total of22,662 patients were screened and 20,231 were excluded because they 

did not meet all three clinical requirements. Among the screened patients, 7,278 did not 

meet the myocardial ischemia criteria, 5,783 did not meet the medically refractory criteria 

and 10,030 did not have at least one of the high-risk factors. The sum of these three 

exclusion groups is greater than the 22,662 screened because of overlap between 

exclusion groups. A total of 2,431 patients met all three criteria, and was clinically 

eligible. After both interventional cardiologist and surgeon had reviewed coronary 

angiography, a total of781(32%) were angiographically acceptable to both operators as 

candidates for random allocation of revascularization method. These patients were 

approached for informed consent and 454 (58%) consented to a randomized choice of 

revascularizatioa 



42 

Intervention 

The trial compared a strategy of CABG versus a strategy of PCI. Accordingly, the 

number of grafts, type of myocardial preservation, use of'off-pump' technology, and 

choice of conduits (left internal mammary, right internal mammary, radial artery, 

gastroepiploic artery), were left to the surgeons. Similarly, the decisions to use stents or 

atheroablative technologies, distal protection, deployment pressures, adjunctive 

pharmacotherapies, etc were left to the discretion of the interventionist. It was decided 

that the trial was less likely to be considered outdated by the time of its completion; 

enrollment would be optimized; and the final trial results would be more generalizable; if 

this strategy model were employed. 

Random Allocation 

Randomization was xmder the direction of the study biostatistician at the Hines 

Veterans Affairs Cooperative Studies Program Coordinating Center. Patients were 

stratified by hospital, age (<70, >70 years), and prior heart surgery (yes, no). The Co-

Chairmen and local site investigators were blinded from the study results throughout the 

course of the study. 

Outcomes and Follow-up 

The primary outcome of the trial was survival. Death records were completed on 

each patient who died during the course of the trial by the research nurse coordinators. 

Patient records were also matched with V A death records recorded in the Veterans 

Affairs Beneficiary Identification and Record Locator Subsystem (BIRLS) database to 
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check survival information. Unstable angina, repeat hospitalization, repeat 

catheterization, repeat CABG, and repeat PCI were obtained from the follow up visits 

and rechecked against the Patient Treatment File (PTF), an independent hospital 

discharge database maintained by the Department of Veterans Affairs. Accordingly, the 

BIRLS and the PTF provided nationwide, computer-based quality checks on the site-

derived outcome measures. As an outcome, unstable angina was defined as angina, which 

is either new onset, progressive, or occurring at rest. 

Statistical Methods 

The baseline comparability of the cohorts randomized to PCI and CABG is 

assessed by chi-square tests for proportions, and t-tests for continuous data (Table 2.1). 

Kaplan-Meier survival estimates were used to estimate the primary end point and the 

survival estimates were used to generate survival plots. The log-rank test provided a 

global statistical significance test for the CABG and PCI survival plots. The secondary 

endpoints of combined survival and freedom from unstable angina, and combined 

survival and freedom from unstable angina and repeat revascularization were evaluated 

by comparing Kaplan-Meier plots and log-rank tests. All analyses are based on cohorts 

specified by the intention-to-treat principle. 

Sample size and power calculations were discussed in the methods manuscript 

(Controlled Clinical Trials 1999). AU sample size calculations were two-sided. The final 

sample size has power of 80% to detect a 9 % survival difference at 36 months between 

CABG and PCI (82% versus 73%) based on a 2-sided test with type I error of 5%. 



Table 2.1. Baseline Comparison of Clinical Variables of AWESOME Patients 
Randomly Assigned to CABG or PCI (Morrison, et al. J Am Coll Cardiology 
2002;39:266-273) 

Baseline CABG PCI 
Number of patients 232 222 
Age (years) 67 67 

Medical Therapy 

ASA 88% 88% 

Heparin 64% 61% 

Beta Blocker 76% 76% 
Calcium Blocker 36% 27% 

High Risk Factors 
Age >70 53% 50% 

Prior CABG 32% 30% 
Myocardial Infarction< 7 days 32% 35% 
LVEF < .35 23% 18% 
IABP required 2% 2% 
Two or more high risk fectors 35% 32% 

Risk Factors 
Hypertension 69% 67% 
Diabetes 34% 29% 
Prior PCI 22% 17% 

Prior Myocardial Infarction 71% 70% 
Prior Stroke 14% 9% 
Left Ventricular Ejection Fraction 0.44 0.47 

Native coron^ disease 
One vessel CAD 17% 20% 
Two vessel CAD 33% 40% 
Three vessel CAD 50% 40% 

Left anterior descending > 70% 88% 87% 
Thrombus containing lesions 11% 21% 
Highest ACC/AHA class; 

A 5% 4% 
B 36% 38% 
C 59% 59% 



CHAPTERS 

THE AWESOME RANDOMIZED TRIAL RESULTS 

"He alone discovers who proves." 

From the 1906 Harveian Lecture (in honor of William 
Harvey and Exercitatio de Motu Cordis et Sanguinis in 
Animalibus: Treatise on the Motion of the Heart and Blood 
in Animals), delivered to the Royal College of Physicians, 
London by Sir William Osier. 

Clinical and Angiographic Covariates 

As shown in Table 2,1, all of the cUnical, angiographic, medical therapy, or 

comorbidity covariates are similar between the 2 randomly allocated groups, except for 

angiographic thrombus. The finding of a single difference among all baseline 

comparisons is well within what would be expected by sampling variation, (See 

Appendix A: 2,) 

For this trial we attempted to push categories of medicines toward physiologic 

heart rate and blood pressure targets. To our knowledge, this is the &st revascularization 

trial to attempt to limit enrollment to patients who had failed any predefined medical 

regimen. Largely as a result of the attempt to define medically refractory, large 

proportions of AWESOME patients were receiving aspirin, heparin, nitrates and beta-

blockers. Of the patients coming to diagnostic catheterization prior to enrollment in the 

AWESOME randomized trial, 88% were receiving ASA, 62% were receiving heparin, 

90% were receiving nitrates, 76% were receiving beta-blockers, and 31% were receiving 

calcium charmel blockers. This is in contrast to aspirin use (45% and 49%), heparin use 
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(31% and 32%), beta-blocker use (50% and 34%), and calcium chaimel blocker use (76% 

and 76%) in BARI and EAST respectively (Tables 7.1-4). The data supporting nearly 

roxitine use of statin hpid lowering agents and angiotensin-converting enzyme inhibition 

were not available when AWESOME was being planned. 

With regard to surgical processes of care, 70% of AWESOME surgical patients 

received left internal mammary grafts, 3.2% received right internal mammary grafts, and 

2.9% received radial artery grafts. By contrast, BARI and EAST surgical patients 

received internal mammary grafts in 84% and 86% of cases respectively (Tables 7.1-4). 

With regard to percutaneoxis interventional processes of care, 54% of AWESOME 

PCI patients received stents with an increase from 26% in 1995 to 88% in 1999/2000. 

Overall, 11% of AWESOME PCI patients received glycoprotein Ilb/Uta receptor 

blocking agents with an increase from 1% in 1995 to 51% in 1999/2000. Neither stents 

nor glycoprotein Ilb/IIIa receptor blocking agents were used in either BARI or EAST 

(Tables 7.1-4)(115-130). 

Survival Comparisons 

The Angina With Extremely Serious Operative Mortality Evaluation 

(AWESOME) study was designed to compare long-term survival among patients with 

medically refractory myocardial ischemia and high risk of adverse outcomes, randomly 

assigned to either a CABG or a PCI strategy, which could include stents. 

The primary result of this trial is comparable survival of patients randomly 

allocated between CABG and PCI (see Figure 3,1; Tables 3.1 and 3.2). The additional 

finding that PCI survival free of unstable angina was within 90% of the CABG survival 
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Figure 1 ̂ Kdplaiv<Meier survival: plots of CA6G and PCi paflents. 
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Figure 3.1. PCI versus CABG survival curves overall randorhized cohort (3.5 year 
average follow-up) (see Appendix A; 3). 
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Table 3.1. Short Term Outcomes of AWESOME Patients Randomly Assigned to CABG 

or PCI (Morrison, et aL J Am Coll Cardiology 2002;39:266-273) 

Outcomes CABG PCI 
PCI-CABG 
Difference fse) 

N (%) Nf%) % (%) 
Randomized to: 232 (100%) 222 (100%) 

Revascularized 227 (98%) 221 (99.5%) 1.5% (1.5%) 

Received CABG 217 (94%) 8 (3.5%) 

Received PCI 12 (5%) 220 (99%) 

Received only CABG 215 (93%) 1 (0.5%) 

Received only PCI 10 (4%) 213 (96%) 

Received CABG and PCI 2 (1%) 7 (3%) 2% (1.8%) 

Stroke 3 (1%) 2 (1%) 0% (1.3%) 

Survival 
30 days (95%) (97%) 2% (2.6%) 

6 months (90%) (94%) 4% (2.4%) 
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Table 3.2. CABG and PCI 36 Month Survival, Survival Free of Unstable Angina and 
Survival Free of Unstable Angina or Repeat Revascularization in AWESOME 
Randomized Trial (Morrison, et al. J Am CoU Cardiology 2002;39:266-273) 

PCI -CABG standard error 
Outcome CABG PCI f difference) (difference') 
Survival 79% 80% 1% 3.7 % 

Survival free 65% 59% -4% 5.5% 
of unstable 
angina 

Survival free 61% 48% -13% 5.0% 
of unstable 
angina or 
repeat 
revascularization 

free of unstable angina also supports the concept that PCI is an alternative for these 

patients. The finding of more frequent repeat revascularization with a PCI strategy is 

consistent with all previous CABG versus PCI comparisons and reflects the differences in 

restenosis and completeness of revascularization which are implicit in the two methods 

(Appendix B: Tables 3 and 6). 

The contribution this trial makes to the comparison of CABG and PCI derives 

primarily from its focus on high-risk patients (Appendix B: Tables 3 and 6). This is the 

only trial, to our knowledge, that compares CABG and PCI in myocardial ischemia 

patients recruited because they were both medically refractory and had risk factors for 

adverse outcomes with CABG (Appendix B: Tables 3 and 6) (115-130; 167-177). The 

mean age of AWESOME randomized trial patients of 67 years is at least 5 years older 



than the mean age of patients randomized in EAST (62 years), BARI (61 years), and the 

other PCI versus CABG trials (Appendix B: Tables 3 and 6 and Tables 7.1-4). Similarly, 

the mean LVEF of AWESOME patients (.45) is >0.10 lower than the mean values for 

any previous randomized trial comparing CABG with PCI (Appendix B: Tables 3 and 6). 

Prior CABG (31% of AWESOME patients) has been an exclusion from all previous trials 

(Appendix B; Tables 3 and 6). Most previous trials have excluded patients with MI 

within 7 days (33% of AWESOME patients) (Appendix B: Tables 3 and 6) (115-130; 

167-177). 

Limitations 

The most important limitation of the randomized trial was not having a larger 

sample size from which to derive greater statistical power. Most of this limitation 

appeared to derive from the large proportion of clinically eligible patients for whom the 

physicians felt one of the two revascularization choices was preferable and therefore 

would not permit random allocation. Physician clinical judgment favored non-random 

allocation for 1650 patients (68% of the clinically eligible patients). There was a clear 

heterogeneity across the trial centers regarding the proportions of clinically eligible 

patients that local physicians directed for revascularization versus allowed to be subject 

to randomization. Additionally, there was heterogeneity across centers regarding the 

proportions of physician-directed patients who were directed to CABG versus PCI. 

Nevertheless, because the CABG versus PCI survival comparisons were qualitatively 

similar in the overall randomized, physician-directed, and patient-choice cohorts, the 

Data Coordinating Center chose not to do fiirther subset analysis by center. 
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Although there were large numbers of patients with missing comorbidity data, this 

did not appear to the coordinating center to be either center-specific or differential with 

regard to the CABG versus PCI comparison. Accordingly, as described in chapter 6, 5-

Year Results of AWESOME, the decision to replace missing comorbidity numbers with 0 

or absent did not appear to be likely to generate differential misclassi.fication. 

Nevertheless, it would have been worthwhile to have complete information on important 

comorbidity and future trials should try to insure this. 

The lack of a core laboratory for central adjudication of electrocardiograms was 

the major reason for not including myocardial infarction as a secondary outcome 

measure. The lack of a core laboratory for adjudication of coronary angiograms was the 

major reason for not investigating relative patency rates. The unavailability of large 

numbers of female patients is a recognized limitation of Veterans Affairs trials. 

Although stents were used in 54% of PCI patients overall, there was a clear 

temporal trend, with stent usage increasing from 26% of PCI cases in 1995, to 88% in 

1999/2000. Similarly, glycoprotein Ilb/IIIa use was heterogeneous overtime, increasing 

from 1% of PCI cases in 1995 to 51% in 1999/2000. 

Conclusions of the Randomized Trial 

The primary conclusion of the randomized trial was that PCI is an alternative to 

CABG for some patients with medically refractory myocardial ischemia, and high risk of 

adverse outcomes with CABG. Patients with medically refractory myocardial ischemia 

and one or more of these risk factors have a comparable 3-year survival but a higher rate 

of repeat revascularization with initial PCI. 
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CHAPTER 4 

THE AWESOME REGISTRY RESULTS 

"The fault finder will find faults in paradise." 

From Walden by Henry David Thoreau. 

Relationship Between Randomized Trial and Prospective Registry 

Patients were enrolled at 16 Veterans Affairs medical centers over a 5-year period 

(1995-2000). A total of 22,662 patients were screened and of these patients, 7,278 did not 

meet criteria for myocardial ischemia, 5,783 failed to meet criteria for medically 

refractory, and 10,030 had none of the risk factors for adverse outcome with CABG. 

There were 2,431 clinically eligible patients, who met all three clinical criteria. After 

both an interventional cardiologist and a surgeon had reviewed coronary angiography, a 

total of 781(32%) were acceptable to both operators as candidates for random allocation 

of revascularization method. The 1,650 patients who were not acceptable to either 

surgeon or interventionist for random allocation were designated as the physician-

directed registry and sent for revascularization based on physician choice. The 327 

patients who were eligible for random allocation of revascularization, but declined to 

participate in the trial, underwent their 'choice' (obviously influenced by their 

physicians) of revascularization and are designated the patient-choice registry. (See 

Appendix A; 3.) 



53 

Clinical and Angiographic Covariates 

Table 4.1 displays baseline comparisons of randomized and registry patients. The 

overall registry profile is similar to the randomized profile except for 4 baseline factors 

(Prior CABG, SVG CAD, Left Main>50%, NYHA class 3/4). These factors were more 

prevalent in the registry patients and likely represented major reasons for physician non-

acceptance for randomization. Physician-directed baseline rates were higher than patient 

choice rates for 7 baseline factors (Prior CABG, Prior CHF, 3-vessel disease, SVG CAD, 

Left Main>50%, ACC/AHA class C, NYHA class 3/4) and lower for single vessel 

disease and MI<7 days. 

Table 4.2 displays baseline prevalence rates and means of clinical and 

angiographic risk factors in the 2 registry subgroups allocated to CABG or PCI. 

Physician-directed patients allocated to CABG had substantially higher prevalence rates 

for age>70 years. Prior CHF, 3-vessel disease, LAD>70%, Left Main>50%, ACC/AHA 

class C and NYHA class 3/4 compared to the rates for those allocated to PCI. Physician-

directed patients assigned to PCI had substantially higher prevalence rates for Prior PCI, 

Prior CABG, SVG CAD, TIMI no flow, and Prior MI compared to the prevalence rates 

for those allocated to CABG. Physician allocation to CABG and PCI are clearly 

associated with these factors. 

Within the patient choice subgroup, CABG and PCI prevalence rates for most 

baseline variables were similar except for Prior CHF, ACA/AHA class C and NYHA 

class 3/4 which were higher in the PCI group. Within the patient-choice subgroup, these 

three factors were clearly associated with allocation to CABG or PCI. 
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Table 4.1. Baseline Comparisons of AWESOME Randomized, Total Registry, 
Physician-Directed and Patient-Choice Cohorts in AWESOME (Morrison,et aL J Am 
CoU Cardiology 2002;39:266-273) 

Variable Random Registry Physician 
Directed 

Patient 
choice 

Patients number 454 1977 1650 327 
Age mean 67 67 68 67 
Age>70 % 52 53 53 52 
Prior PCI % 23 24 24 23 
Prior CABG % 31 42** 44 36"^ 
Prior MI % 57 57 57 59 
MI < Tdays % 33 32 31 39^ 
LVEF < .35 % 21 18 18 16 
LVEF mean 42 44 43 46 
lABP % 2 5 5 3 
Smoker % 35 30 30 35 
Diabetes % 33 33 34 28 
hypertension % 70 67 68 64 
Prior CHF % 61 69 71 57++ 

Prior stroke % 13 12 12 9 
Aspirin % 94 96 96 95 
Heparin % 84 84 82 90 
Beta blocker % 79 78 78 77 
Ca blocker % 33 37 37 33 
1-vessel % 18 22 20 30 
2-vessel % 41 33 33 37 
3-vessel % 41 44 47 33"^ 
Native CAD % 99 98 98 97 
Graft CAD % 26 33** 35 26^ 
LAD >70% % 89 83 83 83 
L. niain>50% % 7 18** 19 12^"" 
ACC/AHA class C % 75 78 80 67"^ 
NYHA class 3/4 % 61 69** 71 57^ 

** Statistically significant difference between Random and Registry: p<0.01. 

+ Statistically significant difference between Physician directed and Patient choice 
registry subsets: p<0.05. 

-H- Statistically significant difference between Physician directed and Patient choice 
registry subsets: p<0.01. 



Table 4.2. Baseline Clinical and Angiographic Variables of Physician-Directed and 
Patient-Choice Cohorts in AWESOME Registry, Stratified by Intervention (Morrison, et 
al. J Am Coll Cardiology 2002;39:266-273) 

Physician directed Patient choice 
CABG PCI CABG PCI 

Patients n 692 651 95 207 
Age years 69 66 68 66 
Age >70 % 63 42** 58 50 
Prior PCI % 17 32** 17 26 
Prior CABG % 22 55** 34 36 
Prior MI % 51 65** 54 61 
MI<7day % 28 35** 36 41 
LVEF<.35 % 17 19 21 14 
LVEF mean 43 43 45 46 
lABP % 5 7 3 3 
smoker % 28 32 33 36 
Diabetes % 36 31 22 32 
Hypertension % 69 66 66 64 
Prior CHF % 83 57** 47 60* 
Prior stroke % 11 11 7 9 
3-vessel % 57 39** 35 30 
Native CAD % 98 98 97 98 
SVG CAD % 21 4Q** 20 26 
LAD>70% % 92 '7g** 86 80 
L Main>50% % 34 J J** 15 10 
TIMI no flow % 44 54* 51 37 
ACC/AHA class C % 84 75** 57 70* 
NYHA class 3/4 % 83 57** 47 60* 

Statistically significant difference between CABG and PCI: p<0.05. 

Statistically significant difference between CABG and PCI: p<0.01. 
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Table 4.3 presents the percentage of patients allocated to CABG by risk factors 

for the physician-directed and the patient-choice subsets. For example, CABG was 

assigned to 61% of the physician-directed patients with age>70 years. The rates in Table 

IV.3 show how choice of revascularization is modified by the presence of a specific risk 

factor among the physician-directed and patient-choice subgroups. 

Survival Comparisons 

Table 4.4 presents Kaplan-Meier estimates of CABG and PCI 

36-month survival, 36-month survival free of imstable angina and 36-month survival free 

of unstable angina or repeat revascularization for the randomized patients and the 

physician-directed and patient choice registry subgroups. The table lists CABG-PCI 36-

month survival differences and the standard errors of the differences. None of the 36-

month survival differences is statistically significant. Within the physician directed 

subset, CABG survival free of unstable angina is noticeably greater than the 

corresponding PCI survival free of unstable angina and the difference is statistically 

significant (p<0.01). CABG survival free of unstable angina or repeat revascularization 

is uniformly higher than the PCI rate but none of the differences is statistically 

significant. 
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Table 4.3. The Percentage Allocation to CABG Among Physician Directed and Patient 
Choice Patients in AWESOME Registry, Stratified by High-Risk Baseline Subsets 
(Morrison, et al. J Am Coll Cardiology 2002;39:266-273) 

Baseline Physician Patient 
Subset Directed choice 
Overall CABG allocation % 52 31 

Age>70 % 61 ** 35 
Prior PCI % 36 ** 23 
Prior CABG % 30 ** 30 
Prior MI % 45 ** 29 
MI< 7 days % 4g ** 29 
LVEF<.35 % 49 41 
lABP % 43 31 
Smoker % 48 30 
Diabetes % 55 24 
Hypertension % 53 32 
Prior CHF % 60** 26* 
Prior Stroke % 51 27 
3-vessel % 61 ** 35 
LAD>70 % 56 ** 33 
L Main>50 % yy ** 41 
Native CAD % 52 31 
SVG CAD % 36 ** 26 
TIMI no flow % 46 39 
ACC/AHA class C % 54 ** 27 * 
NYHA class3/4 % 60 ** 26* 

Statistically significant difference between overall and risk group 
percent allocation to CABG; 

* p<0.05 

** p<0.01. 
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Table 4,4, CABG and PCI 36-Month Survival, Survival Free of Unstable Angina and 
Survival Free of Unstable Angina or Repeat Revascularization in AWESOME Registry 
and RCT (Morrison, et al. J Am Coll Cardiology 2002;39:266-273) 

CABG-PCI 
Outcome CABG PCI difference standard error 
Survival 

Randomized 79% 80% 1% 5.6% 

Physician directed 76% 76% 0% 2.8% 

Patient choice 80% 89% -9% 5.9% 

Survival free of unstable angina 

Randomized 65% 59% -6% 8.4 % 

Physician directed 66%i 51% 15%** 5.0% 

Patient choice 63% 64% -1% 11% 

Survival free of unstable angina 
or repeat revascularization 

Randomized 61% 48% 13% 10% 

Physician directed 63% 46% 17% 12% 

Patient choice 60% 57% 3% 5% 

Statistically significant difference p<0.01 
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Limitations 

The first Umitation of any registry is that physician and patient selection may lead 

to biased selection. The 1,977 patient registry is comparable in size to the BARI registry 

(although the randomized trial is smaller), but not nearly as large as registries like the 

Veterans Affairs Continuous Improvement program in cardiac surgery. There were no 

women in the randomized trial or in the registry. As in the randomized trial, there were 

no core labs for central adjudication of outcomes such as MI (based on 

electrocardiographic findings). 

Conclusions of the Prospective Registry 

The strengths of this registry included: 

• Its prospective design, 

• Uniformity and comparability of measurement of baseline covariates with the 

randomized trial, 

• Completeness of both covariate and outcome ascertainment, 

• Quality check on primary outcome measures using BIRLS, and PTF registries. 

The registry data extended the results of the AWESOME randomized trial, 

suggesting that PCI or CABG may relieve ischemia among patients with risk factors for 

adverse outcomes with CABG (see Figures 4.1 and 4.2). The registry results also 

revealed factors, which influence physicians in their choice of revascularization. The 

preferences for CABG or PCI within high-risk subgroups reflect an overall weighing of 

the different benefits and risks associated with CABG or PCI on the part of the 

physicians and/or patients. 
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Figure 4.1. PCI versus CABG survival curves overall physician-directed registry 
(3.5 year average follow-up). 
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CHAPTER 5 

PRE-SPECIFIED SUBSETS OF INTEREST FROM AWESOME 

"Only that day dawns, to which we are awake." 

From Walden by Henry David Thoreau 

Prior CABG 

AWESOME is the first and only randomized trial of CABG versus PCI to include 

patients with prior CABG operations. This manuscript reported the long-term survival of 

760 revascularized patients (142 in the randomized trial; 512 in the physician-directed 

registry; 106 in the patient-choice registry) in the AWESOME randomized trial and 

registry, who had at least one prior CABG. 

Table 5.1 shows the baseline characteristics of the post-CABG cohorts. A number 

of important points are demonstrated: 

• Physicians directed post-CABG patients to PCI over repeat CABG by a 2; 1 

margin (357:155), 

• Patients with prior CABG chose PCI over repeat CABG by a 2:1 margin (74:32) 

• Baseline covariates were reasonably comparable, even in the registries. 

Table 5.2 summarizes outcomes in the post-CABG cohorts, demonstrating; 

• Survival trends favor PCI, at every interval, in every cohort, 

• In-hospital survivals for both the physician-directed and patient-choice cohorts 

were significantly better with PCI than repeat CABG, 

• Three-year survival demonstrated a maintained advantage for PCI. 
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Table 5.3 demonstrates that physicians and patients favored PCI for post-CABG patients 

with medically refractory myocardial ischemia, across a broad range of additional clinical 

and anatomic characteristics. 

Figures 5.1-5.3 show the Kaplan-Meier 3-year survival curves for the 

randomized, physician-directed, and patient-choice cohorts. The trends, at all times, in all 

groups, favor PCI over repeat CABG, and they achieved statistical significance favoring 

PCI for the patient-choice cohort. Taken together, and recognizing that no other 

randomized trial exists for this important subset, these data support the proposition that 

PCI is the preferred revascularization strategy for medically refractory myocardial 

ischemia in patients with one or more prior CABG. 
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Table 5.1. Baseline Characteristics of AWESOME Randomized and Registry 
Patients With Prior CABG, Stratified by Revascularization (PCI or CABG) 
(Morrison, et al. J American Coll Cardiol 2002;40:1951-1954) 

Randomized Physician-directed Patient-choice 

Baseline 
CABG 
fn-75) 

PCI 
fn=67) 

CABG 
rn=155^ 

PCI 
tn=35T> 

CABG PCI 
fn=32)rn-7 

(%) (%) (%) (%) (%) (%) 
Age>70 40 39 36 38 47 45 

MI< 7 days 12 12 16 17 25 22 

LVEF<.35 15 16 11 17 28 8" 

Prior PCI 28 28 23 31 23 24 

Diabetes 44 28 28 35 20 38** 

Prior Stroke 15 11 11 19* 7 7 

Hypertension 68 77 70 70 67 68 

Smoker 29 26 35 27 22 34 

3 vessel 70 65 71 58" 62 62 

TIMI no flow 68 76 72 71 81 66 

statistically significant difference between CABG and PCI p<0.05 
Statistically significant difference between CABG and PCI p<0.01. 

Diabetes = necessitating treatmoit with either insulin and/or oral agents 
Hypertensioi = persistently elevated blood pressure necessitating treatment 
Smoker = currait smoker 
3-vessel = all 3 major epicardial coronary arteries had at least one >70% lumenal narrowing 
TIM no flow = at least raie vessel with Hirombolysis ia Myocardial Inferctiwi grade 0 



65 

Table 5.2: Outcomes of AWESOME Randomized Trial and Registry Patients With 
Prior CABG (Morrison, et al. J American Coll Cardiol 2002;40:1951-1954) 

Outcomes 

Randomized 
CABG PCI 
(n-75) (n-67) 

Assigned revascularization 
Physician-directed 
CABG PCI 
fa=155) (n-357) 

Patient-choice 
CABG PCI 
fa=32) fa=74) 

Revascularized96 % 
as 
Assigned 

100 % 92% 96% 94% 97% 

Cross-over 10 % 

In hospital 6 
deaths 

2 %  2 %  

13 

2 %  3 % 3% 

5 0** 

Short term survival 

1 month 91% 99% 92% 97% 78% 100% 

6 month 85% 92% 83% 92% 75% 97% 

12 month 81% 89% 79% 88% 72% 95% 

36 month survival 

Survival 73% 76% 71% 77% 65% 86%** 

Survival free 65% 
of unstable 
angina 

Survival free 65% 
of repeat 
revascularizations 

48% 

55% 

61% 

60% 

43%* 

50%* 

62% 43 % 

66% 56% 

Survival free 49% 
of unstable 
angina or 
repeat 
revascularization 

32% 58% 38%* 59% 35% 

* Statistically significant difference between CABG and PCI outcomes .p<0.05. 
* * Statistically significant difference between CABG and PCI outcomes. p<0.01. 
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Table 5.3. The Percentage Allocation to PCI Among AWESOME Registry Patients With 
Prior CABG, According to Additional Risk Factors at Baseline (Morrison, et al. J 
American Coll Cardiol 2002; 40:1951-1954) 

High risk Physician-directed Patient-choice 
Subset (n-719) (n=119) 
All Prior CABG 70 % 70 % 

Prior CABG and 
Age >70 71 % 69% 

AMI<7 days 71 % 67 % 

LVEF<.35 78% 40 % ** 

Prior PCI 76% 71 % 

Diabetes 74% 81 %** 

Prior stroke 80 %** 70% 

3-vessel disease 61 % ** 70% 

TIMI no flow 69% 65% 

Statistically significant difference between overall PCI assignment rate and PCI 
assigrmient rate for the particular risk group p<0.01. 
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Figure 1. Kaplan-Meier 5 year survival curves of 
CABG (circle) and PCI (cross) for randomized patients. 

100 

(0 
> 

E 
«0 

Log-rank Test: p=0.47 

0 1 2 3 4 5 
Patients (N) years post-treatment 

CABG 75 64 54 43 27 11 
PCI 67 61 55 38 27 17 

Survival (Vo) 
CABG 100 81 76 73 73 66 
PCI 100 89 82 76 76 73 

Figure 5.1. PCI versus CABG survival curves; post-CABG randomized cohort (3.5 year 
average follow-up). 
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Figure 2. Kaplan-Meier 5 year survival curves of 
CABG (circle) and PCI (cross) for physician directed patients. 
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Figure 5.2. PCI versus CABG survival curves; post-CABG physician directed cohort 
(3.5 year average follow-up). 
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Figure 3. Kaplan-Meier 5 year survival curves of 
CABG (circle) and PCI (cross) for the patient choice cohort. 
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Figure 5.3. PCI versus CABG survival curves; post-CABG patient-choice cohort (3.5 
year average follow-up). 
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Diabetes 

Diabetes became a major covariate for PCI versus CABG trials when the NIH 

BARI trial reported a survival advantage favoring CABG over PCI among diabetics (not 

pre-specified), but no difference in survival among non-diabetics. (See Appendix A: 5.) 

A similar difference could not be teased out of the smaller CABRI or EAST trials, and 

objection was raised to post-hoc data-driven subset analysis. Additionally, subsequent 

trials documenting the clinical advantages of stents over balloon angioplasty, and 

adjunctive use of glycoprotein Ilb/IIIa blockers with PCI, demonstrated specific 

advantage among diabetic subsets. Neither ARTS, nor ERACIII, both of which are stent-

era (Appendix B: Table 6) demonstrated survival advantage with CABG for their diabetic 

subsets. Nonetheless, many have steadfastly held on to the BARI finding, and even 

suggested that for multivessel diabetic patients CABG is preferred. Importantly, of all the 

pre-stent CABG versus PCI trials (Appendix B: Table 3) BARI was not only the largest, 

it also included the largest proportions of ACS patients. 

SedUs et al reported the AWESOME experience in JACC (2002;40:1555-1566) 

and the results are summarized here. Table 5.4 compares the registry and randomized 

trial cohorts, showing that higher proportions of patients with prior CABG and TMI no-

flow (or chronic total occlusions) were directed to the registries. Table 5.5 demonstrates 

the specific allocations within treatment groups for the registry and randomized cohorts 

of diabetic patients in AWESOME. Physicians favored PCI for medically refi-actory 

ischemic patient with diabetes if they had prior PCI, prior CABG, prior MI, and TIMI no-

fiow. Conversely, physicians directed diabetic patients with refractory ischemia to CABG 
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if they had 3-vessel CAD or age>70 years. Diabetic patients with refractory myocardial 

ischemia chose PCI by a 3:1 margin (65:20). 

In all trials comparing CABG with medical therapy (Appendix B; Table 1) and 

the pre-stent CABG versus PCI trials (Appendix B: Table 3), there was much discussion 

of crossover from assigimient to medical therapy (or PCI) to CABG, as if this was a 

unilateral process and weakened the evidence in favor of CABG. Table 5.6 documents 

that among the medically refractory diabetic subset (as in the Trial as a whole) most of 

the crossovers were from assignment to CABG to actual revascularization by PCI. 

None of the survival comparisons achieved statistical significance in this subset 

analysis, but Table 5.7 demonstrates that at both 6 months and 3 years, the trends among 

medically refractory diabetics in all 3 cohorts (random; physician-directed; patient-

choice) all favored PCI. This conclusion is likewise borne out by the Kaplan-Meier 

survival curves shown in Figures 5.4-5.6. The conclusion of this substudy is that PCI 

and CABG serve diabetic patients with medically refractory myocardial ischemia 

equally well, from a survival standpoint. 
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Table 5.4. Baseline Characteristics of AWESOME Randomized and Registry Diabetic 
Patients (Sedlis, et al. J Am Coil Cardiol 2002;40:1555-1566) 

Baseline Random Registry 
Physician 
directed 

Patient 
choice 

Patients n 144 614 525 89 
Age>70 % 51 53 54 51 
Prior PCI % 20 18 18 19 
Prior CABG % 34 43* 43 39 
Prior MI % 58 56 55 63 
MI<7 days % 33 31 30 37 
LVEF<.35 % 17 20 20 19 
CHF % 9 14 15 7 
Prior Stroke % 10 13 13 11 
Hypertension % 79 80 80 82 
smoker % 28 21 20 23 
Vessels 

2-vessel % 40 34 33 41+ 
3-vessel % 46 51 54 38 

TIMI no flow % 41 55" 57 49 

Statistically significant difference between Random and Registry 
* p<0.05 

** p<0.01 

Statistically significant difference between Physician directed and Patient choice 

+ p<0.05 
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Table 5.5. Baseline Characteristics of AWESOME Randomized and Registry Diabetic 
Patients by Revascularization (Sedlis, et al. J Am Coll Cardiol 2002;40:1555-1566) 

Baseline 
CABG 
fn=79) 

Random Phvsician directed Patient choice 

Baseline 
CABG 
fn=79) 

PCI 
(n=65) 

CABG 
rn=238) 

PCI 
rn=194> 

CABG PCI 
rn=20) fn=65> 

(%) (%) (%) (%) (%) (%) 
Age>70 56 46 67 41** 70 43^^ 
Prior PCI 22 19 12 28" 30 17 
Prior CABG 39 28 18 64" 30 43 
Prior MI 57 60 51 62" 50 66 
MI<7 days 29 37 33 27 30 38 
LVEF<.35 41 42 43 42 51 45 
CHF 13 5 13 18 10 6 
Prior Stroke 10 10 12 15 10 12 
Hypertension 77 82 80 19 85 80 
smoker 30 26 21 18 23 25 
Vessels 

2-vessel 35 45 33 32* 67 3f 
3-vessel 54 40 61 50 27 44 

TIMInoflow 48 34 44 61* 47 51 

Statistically significant difference between CABG and PCI 

* p<0.05 

** p<0.01. 
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Table 5.6. Short-Term Outcomes of AWESOME Diabetic Patients (Sedlis, et al, J Am 
CoU Cardiol 2002;40:1555-1566) 

Randomized Physician directed Patient choice 

Outcomes 
CABG 
fn=79) 

PCI 
(n=65^ 

CABG 
('n=238) 

PCI 
rn=194) 

CABG PCI 
(n^lQO fn=65) 

Revascular-
ized 

96% 100 % 96% 99% 95% 100 % 

Received 
CABG 

90% 3% 96% 2% 85% 8% 

Received 
PCI 

8% 100 % 3% 98% 10% 98% 

Only CABG 89% 0% 93% 2% 85% 2% 

Only PCI 6% 91% 0.4 % 96% 10% 92% 

CABG 
and PCI 

1% 3% 2.5 % 3% 0% 6% 

Survival to 
30 days 92% 97% 94% 94% 85% 100 % 

6 months 86% 91% 87% 86% 85% 97% 
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Table 5.7. Diabetic and Non-Diabetic: Long-Term Survival Data (Sedlis SP, Lorin JD. 
Higli-risk coronary interventions in Diabetic Patients. In: Morrison DA, Serruys PW. 
High-risk Cardiac Revasculari2ation and Clinical Trials. London: Martin Dunitz, 
2002;425-450). 

6 month 36 month log rank 
CABG PCI CABG PCI 

Diabetic 

Randomized 86% 91% 73% 80% p>0.40 
(ns) 
Patient refused 85% 97% 85% 91% p>0.35 
(ns) 
Physician assignment 87% 86% 72% 73% p>0.40 
(ns) 

Non-diabetic 

Randomized 92% 96% 80% 79% p>0.80 
(ns) 
Patient refused 92% 96% 81% 88% p>0.30 
(ns) 
Physician assignment 90% 91% 78% 79% p>0.40 
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Figure 5.4. PCI versus CABG survival curves; diabetic randomized cohort (3.5 
year average follow-up). 
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Figure 5,5. PCI versus CABG survival curves; diabetic physician-directed cohort 
(3.5 year average follow-up). 
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figure 3. Kaĵ -Meier five-year suinval curves of CABG (dtde) and PCI (crost) for the patient-dioice cohort Abbreviations as in Figure 1. 

Figure 5.6. PCI versus CABG survival curve; diabetic patient-choice cohort (3.5 year 
average follow-up). 
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Myocardial Infarction Within 7 Days 

With the exception of AWESOME, all randomized trials to date (2004), 

comparing PCI with CABG, have excluded patients with acute MI, on-going MI, or Ml 

within 7 days (EAST used 5 days). The manuscript reporting the 693 medically refractoiy 

myocardial ischemic patients within 7 days of an acute MI revascularized by either PCI 

or CABG in AWESOME, is currently under peer review and summarized here. Table 5.8 

shows the effects of physician direction and patient choice.Physicians preferentially 

directed early post-MI patients with concomitant diabetes or prior CABG to PCI. 

Conversely, physicians directed medically refractoiy patients who were early post-MI 

and had concomitant 3-vessel CAD or age>70 to CABG. Patients with medically 

refractory, early post-MI ischemia chose PCI over CABG by a nearly 3:1 margin (84:34). 

Table 5.9 demonstrates the in-hospital mortaUties for the refractory early post-MI 

cohorts. The survival trend fevoring PCI over CABG was statistically significant for the 

physician-directed cohort and the group in aggregate (random + physician-directed + 

patient choice). As seen in the Kaplan-Meier curves (Figures 5.7-5.9) over the 3 year 

period, the survival trends fevoring PCI were not statistically significant. The importance 

of the in-hospital observation is underscored by 2 additional large collections of 

observations: 

1. All major CABG registries (Society for Thoracic Surgery; Veterans Affairs; 

Cleveland Clinic; Mayo Clinic; state of New York) have been concordant in 

demonstrating a doubling of early CABG associated mortaUty if patients with <7 
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day from an MI are compared with patients who either have not had an MI or are 

>7 days out from it, 

2. In all current trials comparing thrombolytic therapy with primary angioplasty 

(Appendix B: Table 4) for the treatment of STEMI, >90% of the revascularization 

is accomplished by PCI, not CABG. 

Taken together, these data support the conclusion: PCI is the preferred early 

stabilization strategy for patients with medically refractoiy ischemia <7 days out 

from an acute MI. 
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Table 5.8. Baseline Characteristics of AWESOME Early Post-MI, Randomized and 
Registry Patients, Revascularized by CABG or PCI (Morrison, et al. The Choice 
Between Percutaneous Coronary Intervention and Coronary Bypass Surgery for Patients 
with Medically Refractory Myocardial Ischemia Early after a Myocardial Infarction. 
Submitted to Am Heart J 2004) 

Random Physician directed Patient choice 

Baseline 
CABG PCI 

fn=78) 
CABG 
(n=l9A\ 

PCI 
rn-229) 

CABG PCI 
rn=34^ ('n=84^ 

(%) (%) (%) (%) (%) (%) 
Age>70 34 27 40 25 35 31 

Prior PCI 19 11 9 14 6 13 

Prior CABG 12 10 13 27** 23 19 

Diabetes 32 31 24 44** 18 30 

LVEF<.35 23 14 18 17 15 10 

lABP 4 4 10 13 3 5 

CHF 9 5 8 9 3 2 

Prior Stroke 8 7 8 9 3 7 

Hypertension 66 58 69 55 58 54 

smoker 37 50 34 43 55 47 

3 vessel 41 22 55 22** 50 23** 

TIMI no flow 31 33 47 41 4 13 

Statistically significant difference between CABG and PCI 

** p<0.01. 
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Table 5.9. Short-Term CABG and PCI Outcomes of AWESOME Early Post-MI Patients 
With Refractory Myocardial Ischemia (Morrison, et al. The Choice Between 
Percutaneous Coronary Intervention and Coronary Bypass Surgery for Patients with 
Medically Refractory Myocardial Ischemia Early after a Myocardial Infarction. 
Submitted to Am Heart J 2004) 

Randomized Physician directed Patient choice 
CABG PCI CABG PCI CABG PCI 
rn=74) (n=78) ^=194) (n=229^ (n=34^ (n=84) 

In hospital 2 0 8 0** 20 
deaths 

Survival 

1 month 93% 97% 92% 93% 94% 99% 

6 months 87% 95% 86% 86% 94% 96% 

12 months 85% 91% 85% 85% 94% 96% 

Statistically significant difference between CABG and PCI 

** p<0.01. 
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Table 5.10. CABG and PCI 36 Month Survival, Survival Free of Unstable Angina and 
Survival Free of Unstable Angina or Repeat Revascularization of AWESOME Early 
Post-MI Patients (Morrison, et aL The Choice Between Percutaneous Coronary 
Intervention and Coronary Bypass Surgery for Patients with Medically Refractory 
Myocardial Ischemia Early after a Myocardial Infarction. Submitted to Am Heart J 2004) 

CABG-PCI 
Outcome CABG PCI difference standard error 
Survival 

Randomized 80% 81% -1% ±8% 

Physician directed 75% 77% -2% + 6% 

Patient choice 87% 92% -5% ±8% 

Survival free of 
unstable angina 

Randomized 56% 51% 5% ± 17% 

Physician directed 57% 51% 6% ± 10% 

Patient choice 40% 60% -20% + 26% 

Survival free 
of unstable angina or 
repeat revascularization 

Randomized 56% 41% 15% ± 19% 

Physician directed 56% 49% 7% ± 10% 

Patient choice 38% 58% -20% + 26% 
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F igure 1. Kap Ian-Meier survival curves of CABG and PCI 

in Randomized cohorts with MI < 7 day s 
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Figure 5.7. PCI versus CABG survival curves; early post-MI randomized cohort 
(3.5 year average follow-up). 
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Figure 2. Kaplan-Meier survival curves of CABG and PCI 
in "PhysKkn Directed" cohorts with MI < 7 days 
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Figure 5.8. PCI versus CABG survival curves; early post-Mt physician-directed 
cohort (3.5 year average follow-up). 
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Figure 3. Kaplan-Meier survival curves of CABG and 

PQ in "Patient Choice" cohorts with MI < 7 days 
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Figure 5.9. PCI versus CABG survival curves; early post-MI patient-choice 
cohort (3.5 year average follow-up). 



Intra-Aortic Balloon Pump Required to Stabilize 

Patients who are hemodynamically unstable from myocardial ischemia are likely 

to benefit from revascularization, but are at increased risk of short-term mortality. lABP 

required to stabilize prior to revascularization, was a pre-specified subset of the patients 

randomized between CABG and PCI, in the multicenter, VA Cooperative AWESOME 

trial. This study compares the clinical and coronary anatomic features, and long-term 

outcomes of patients who underwent either CABG or PCI, in the AWESOME 

randomized trial and Registries (see Appendix A: 6). Of the 100 AWESOME patients 

who underwent revascularization with lABP support, only 9 were randomly allocated to 

either CABG (4) or PCI (5). Overall, there were 44 patients who underwent CABG and 

56 who underwent PCI with lABP support. In retrospect, these data are not synonymous 

with hemodynamic instability because some of the LABP placements may have been 

prophylactic; for example, prior to CABG in a patient with tight left main stenosis, in an 

effort to reduce the risks associated with anesthetic induction. 

By log-rank testing, the 3-year survival curves of these two relatively small 

groups were not significantly different (p=0.16). The 2 Kaplan-Meier plots revealed that 

the both groups had >50% survival out past 3 years. It is extremely difficult to convince 

caregivers or patients to allow random-allocation between CABG and PCI for patients 

who are hemodynamically unstable enough to require TAB? and our trial design did not 

allow discrimination of required from prophylactic lABP use. More than one half of both 

groups were still alive at 3 years after revascularization. 



Table 5.11. CABG and PCI Patient Demographics for Patients Who Came to 
Revascualrization on Intra-Aortic Balloon Pump (lABP) in AWESOME Randomized 
Trial and Registries [Totat=100 = 9 randomized (5/4) + 91 registry (40/51)] 

Variable 
CABG (n-40) 
(%) 

PCI(n=51) 
(%) 

P= 

Age>70 35 31 ns 

Prior CABG 18 33 .045 

MI<7 days 53 65 ns 

LVEF<.35 23 39 .046 

IV nitro. 65 69 ns 

Diabetic 21 24 ns 

PVD 19 14 ns 

COPD 19 24 ns 

New ST change 88 88 ns 

LAD>70% 88 88 ns 

Left main>50% 38 16 .009 

3 vessel 48 36 ns 



Figure 5.10. CABG and PCI Survivals for AWESOME Patients Who Came to 
Revascularization on lABP. 
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CHAPTER 6 

5-YEAR RESULTS OF AWESOME 

"The growth of Truth corresponds to the status of 
knowledge described by Plato in Theaetetus; 

• Acquisition, 
• Latent possession, 

• Conscious possession." 

From the 1906 Harveian Lecture (in honor of William 
Harvey and Exercitatio de Motu Cordis et Sanguinis in 
Animalibus: Treatise on the Motion of the Heart and Blood 
in Animals), delivered to the Royal College of Physicians, 
London by Sir William Osier. 

Introduction and Data Inspection 

It is official Veterans Affairs (VA) Cooperative Studies Program and Research 

Service policy to assign every approved trial to one of the Cooperative Studies Program 

Coordinating Centers (CSPCC). In turn, the study is assigned a study biostatistician, who 

supervises a staff that maintains all of the study data and performs all of the analyses. It is 

rare for the CSPCC to ever release any of the study data to a proponent or principal 

investigator of a VA sponsored clinical trial. 

AWESOME was assigned to Hines CSPCC, Hines, IL. William Hendrson, PhD, 

Director of the Hines CSPCC for the entire period of AWESOME, as well as 20 years 

prior, and Jerome Sacks, PhD, study biostatistician, were involved in planning the trial 

and contributed to Medically Refractory Rest Angina (M^cel Dekker 1992), and the 

Breckinridge conferences. Both Drs Henderson and Sacks have been intimately involved 
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in the conduct of the trial, data analysis and all publications from the trial and registry. In 

part because of my enrollment in the Graduate program, part of the requirements of 

which include this dissertation, Drs Sacks and Henderson authorized release to me of a 

dataset which includes all of the baseline data from this combined cohort of 2,431 

patients, as well as the previously unpublished, and only recently acquired 5-year survival 

data. These data provide the basis for chapter 6. 

The excel spreadsheet format was converted to STATA 8.0 using StatTransfer 

software. 

The data were reviewed to identify missing data, outliers, and obvious errors. The 

most common missing data elements were among the dichotomous comorbidity variables 

(such as peripheral vascular disease). A clinically reasonable solution, which was not 

thought to introduce bias to the comparison of treatment groups, was the assumption that 

if the comorbidity was not listed as present, it likely was not obvious to the nurse data 

coordinator and might be assumed to be absent. Accordingly, these missing values were 

replaced with 0 or absent for the binary comorbidities. 

A second major simplification consisted of dichotomizing several categorical 

comorbidities such as cerebrovascular disease, which on data entry listed prior stroke, 

prior transient ischemic attack and prior carotid stenting or carotid endarterectomy as 

separate categories. From the perspective of risk for either CABG or PCI, no such 

distinction has been shown to be clinically useful. Similarly, the majority of the published 

literature about renal insufficiency as a risk for either CABG or PCI tends to group 
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patients as normal or abnormal (although the addition of a category of subjects on 

dialysis might be helpful, if there were enough of them). 

Table 6.1 is the Data Dictionary, which includes elaboration of the specific steps 

taken to eliminate missing values, and identify and change outliers or likely incorrect 

values. It should be noted that the variables appearing between 8) and 9) (Censor, Dead, 

and Months) were from the previously analyzed 3 year period, and were ignored for this 

analysis. 

Table 6.1. AWESOME Data Dictionary 

Variable Observa
tions 

(n=2431) 

Deflnition Variable Type Steps Taken 

1) Age>70 2,431 Patient's age is >70 
years 1,278 
Patient's age<70 
1,153 

Binary (0,1) 
Variable 
1/5 Admission 
criteria 

2) Prev 
CABG 

2,431 Patient has undergone prior 
open heart surgery 980 
No prior heart surgery 
1,451 

Binary (0,1) 
Variable 
1/5 Admission 
criteria 

3) lABP 2,431 Intra-aortic Balloon pump 
required prior to 
revascualrization 107 
NoIABP 2,324 

Binary (0,1) 
Variable 
1/5 Admission 
criteria 

4)MI7 2,431 Myocardial infarction within 
7 days of randomization 782 
No recent MI 1,649 

Binary (0,1) 
Variable 
1/5 Admission 
criteria 

5) 
LVEF35 

2,431 Left Ventricular Ejection 
Fraction<.35 446 
LVEF>=35 1,985 

Binary (0,1) 
Variable 
1/5 Admission 
criteria 

6) IVNTG 2,431 Intravenous nitroglycerin use 
prior to revascularization 719 
No IV nitro 1,985 

Binary (0,1) 
Controlling 
variable 

7) Enroll 2,431 454 patients in randomized 
trial; 1,977 patients in 
combined registry 

Categorical 
Study group 

8) Treatmt 2,431 1,019 CABG (value 1) 
1,080 PCI (value 2) 
323 medical RX (value 3) 

Categorical 
Hypothesis 
variable 
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Variable Observa
tions 

{n=2431) 

Definition Variable Type Steps Taken 

-) Censor 2,431 670 died; 
1,761 censored 

-) Dead 2,431 670 dead 
1,761 still alive 

-) Months 2,431 Months from randomization 
to death or 3-year censor 

9) Sexn 2,431 
97 not 
categorized? 

Male 2,409 
Female 22 

Binary (0,1) 
Controlling 
variable 

. replace sexn=l if 
sexn=. 
(0 real changes made) 

10) Racen 2,431 
0 missing 

Categorical 
controlling 

11) 
Educatn 

2,431 
0 missing 

Categorical 
controlling 

12) 
Diabetn 

2,431 
108 missing 

Non-diabetic 1,673 
Diabetic 758 

Binary (0,1) 
Controlling 
variable 

. replace diabetn=0 if 
diabetn==. 
(108 real changes made) 

13) 
Insulinn 

2,431 
1,782 
missing 

Does not use 2,222 
Uses insulin 209 

Binary (0,1) 
Controlling 
variable 

. replace insulinn=0 if 
insulinn=. 
(1782 real changes 
made) 

14) HTNn 2,4431 
113 missing 

Hypertensive 862 
Not hypertensive 1,569 

Binary (0,1) 
Controlling 
variable 

. replace HTNn=0 if 
HTNn==. 
(113 real changes made) 

15) 
Stroken 

2,431 
124 missing 

Prior stroke 252 
No prior stroke 2,179 

Binary (0,1) 
Controlling 
variable 

. replace Stroken=0 if 
Stroken==. 
(124 real changes made) 

-) CVDn 2,431 Categorical Delete 
Drop CVDn 

16) PVDn 2,431 
208 missing 

Peripheral vascular disease 
431 
no PVD 2,000 

Binary (0,1) 
Controlling 
variable 

. replace PVDn=0 if 
PVDn==. 
(208 real changes made) 

-) Ventn 2,431 Binary (0,1) 
Controlling 
variable 

Delete 
Drop Ventn 

17) Creatn 2,431 Serum Creatinine<=l .3 
1,934 
Serum Creatinine <1.3 
497 

Categorical 
Controlling 
To 
Binary (0,1) 
Controlling 
variable 

Dichotomize 

. replace creatn = 0 if 
creatn<=13 
(1934 real changes 
made) 

. replace creatn = 1 if 
creatn>13 
(497 real changes made) 

-) FEVln 2,431 Forced expiratory volume in 
1 second 

Delete 
drop FEVln 
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Variable Observa
tions 

(b=2431) 

Definition Variable Type Steps Taken 

18) 
COPDn 

2,431 
150 missing 

Chrmic obstructive 
pulmonary disease 453 
No 1,978 

Binary (0,1) 
Controlling 
variable 

. replace COPDn=0 if 
COPDn=. 
(150 real dianges made) 

19) 
PriorPCIn 

2,431 
128 missing 

Patiait has had prior 
percutaneous coronary 
intervention 435 
No prior PCI 1,996 

Binary (0,1) 
Controlling 
variable 

. rq)lace priarPCn=0 if 
priorPCn=. 
(128 real changes made) 

20) 
Stroken 

2,431 
124 missing 

Prior stroke 252 
No priffl" stroke 2,179 

Binary (0,1) 
Controlling 
variable 

. replace Stroken=0 if 
Strokrai=. 
(124 real dianges made) 

21) 
Arrestn 

2,431 
193 missing 

Cardiac arrest prior to 
randomization 75 
No arrest 2,356 

Binary (0,1) 
Controlling 
variable 

. replace arrestn=0 if 
arrestn=. 
(193 real dianges made) 

22) 
Cablockn 

2,431 
151 missing 

Patieat receiving calcium 
channel blocking drug prior 
to random 822 
No Ca++blocker 1,609 

Binary (0,1) 
Controlling 
variable 

. replace Cablodai=0 if 
Cablockn==. 
(151 real changes made) 

23) 
Betablock 
n 

2,431 
141 missing 

Patient receiving Beta-
blockers prior to 
randomization 1,795 
No beta-blocker 636 

Binary (0,1) 
Controlling 
variable 

. replace betablkn=0 if 
betablkn=. 
(141 real changes made) 

24) 
Aspirin 

2,431 
0 missing 

Patiesit receiving oral aspirin 
prior to randomization 2,241 
No aspirin 190 

Binary (0,1) 
Controlling 
variable 

25) 
Heparinn 

2,431 
735 missing 

Patiait receiving intravenous 
heparin prior to 
randomization 1,417 
No heparin 1,014 

Binary (0,1) 
Controlling 
variable 

. replace heparinn=0 if 
hepariim=. 
(735 real dianges made) 

26) 
Heighta 

2,431 
0 missing 

Patients height (inches) Discrete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and afto". 

27) 
Weightn 

2,431 
0 missing 

Patieait's weight (pounds) Discrete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and aftCT; 

28) Pulsai 2,431 
0 missing 

Resting pulse (beats/min) Discrete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and aflCT; 

29) 
SystBPn 

2,431 
0 missing 

Systolic blood pressure (mm 
Hg) 

Discrete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and after. 

30) 
DiastBPn 

2,431 
0 missing 

Diastolic blood pressure (mm 
Hg) 

Discrete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and after; 

31)HRn 2,431 
0 missing 

Heart rate (beats per minute) Disarete 
controlling 
variable 

Do not use in model; 
Imputation from before 
and aft^; 

32) NSRn 2,431 
320 missing 

Patimt is in normal sinxis 
rhythm 1,876 
NotinNSR 555 

Bmary(0,l) 
Controlling 
variable 

. replace NSRn=0 if 
NSRn=. 
(320 real dianges made) 
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Variable Observa
tions 

(n=2431) 

Definition Variable Tjiie Steps Taken 

33) OldQn 2,431 
368 missing 

Patiait has Q wave 
(indicative of prior MI) on 
ECG 536 
No old Q on ECG 1,895 

Binary (0,1) 
Controlling 
variable 

Replace oldQn=0 if 
oldQn—. 
(368 real changes made) 

34) 
NewQn 

2,431 
373 missing 

Patient has new Q waves on 
ECG (recent MI) 
No new Q wave 

Binary (0,1) 
Controlling 
variable 

. replace newQn=0 if 
newQn=. 
(373 real dianges made) 

35) 
NewSTn 

2,431 
347 missing 

Patient has new ST elevation 
or depression (mi ECG 1,095 
Patient does not have new ST 
changes 1,336 

Binary (0,1) 
Controlling 
variable 

. replace newSTn=0 if 
newSTn=. 
(347 real dianges made) 

36) 
Anginan 

2,431 
167 missing 

Patimt has angina 1,751 
No angina 680 

Binary (0,1) 
Controlling 
variable 

. replace anginan=0 if 
anginan==. 
(167 real dianges made) 

37) 
Dyspnean 

2,431 
176 missing 

Patiait has dyspnea 1,041 
No dyspnea 1,390 

Binary (0,1) 
Controlling 
variable 

. replace dyspnean=0 if 
dyspnean—. 
(176 real dianges made) 

38) 
Fatigueo 

2,431 
187 missing 

Patient has fetigue 833 
Nofetigue 1,598 

Binary (0,1) 
Controlling 
variable 

. replace fatiguen=0 if 
fetigum==. 
(187 real dianges made) 

39) 
Claudn 

2,431 
268 missing 

Patiait has intmnittent 
claudication prior to random 
244 
No claudication 2,187 

Binary (0,1) 
Controlling 
variable 

. replace claudn=0 if 
claudn=. 
(268 real dianges made) 

-) Revascn 454 
(Randomize 
d trial only) 

Revascularized 450 
Not 4 
In flie randomized trial 

Procedural 
variable for 
randomized 
clinical trial 

-) Daysn Days followed Time variable 
-) 
Physician 

1,650 Physician-directed registry Binary (0,1) 
Study group 

-) Patient 327 Patient-dioice registry Binary (0,1) 
Study group 

40) Age 2,431 
96 missing 

Patiait's age Continuous 
controlling 
variable 

Do not use in model; 
Imputati(Hi from before 
and after. 

Leftmain 

Replaced 
with 41) 
Lmain 

2,431 
1 missing 

Left main stenosis >50% 
387 
No Left main staiosis>50% 
2,044 

Binary (0,1) 
Controlling 
variable 

Generate LMain=l if 
leftmain=="r' 

(2044 missing values 
generated) 

. replace LMain=0 if 
leftmain="0" 
(1926 real changes 
made) 

. replace LMain=0 if 
leftmain=="." 
(117 real dianges made) 
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Variable Observa Definition Variable Type Steps Taken 
tions 

(n=2431) 
. replace LMain=0 if 
leftmain="" 
(1 real change made) 
drop leftmain 

LAD 2,431 >70% diameter stenosis of Binary (0,1) . generate AD=1 if 
1 missing left anterior descending Controlling LAD=="1" 

42) 1,846 variable (585 missing values 
Replaced no >70% stenosis of left generated) 
with AD anterior descending 

585 . replace AD=0 if 
LAD=="0" 
(467 real changes made) 
. replace AD=0 if 
LAD=="." 
(117 real changes made) 
. replace AD=0 if 
LAD=="" 
(1 real change made) 
drop LAD 

43) 2,431 Months from randomization Time Outcome, 
Months 5 to death or 5-year censor Discrete variable 
44) Dead5 2,431 Dead at 5 years: 901 (1) no Binary Outcome 

1,530 (0) Variable 
NumberSO 2,431 Number of patients with Categorical Delete 

1 missing >50% diameter narrowing of Controlling drop numberSO 
1 vessel variable 

drop numberSO 

2 vessel 
3 vessel 

NumberVO 2,431 Number of patients with Categorical . generate Nvessel=l if 
1 missing >70% diameter narrowing of Controlling number70=="l" 

Replaced 1 vessel 677 variable (2009 missing values 
with 45) 2 vessel 730 generated) 
Nvessel 3 vessel 1,024 

. replace Nvessel=l if 
number70=="." 
(254 real changes made) 
. replace Nvessel=2 if 
number70=="2" 
(730 real changes made) 

. replace Nvessel=3 if 
number70=="3" 
(1024 real changes 
made) 

. replace Nvessel=l if 
number70=="" 
(1 real change made) 
drop number70 
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Descriptive Data Analysis and the Inclusion of the Medical Arm 

The primary purpose of the AWESOME trial and registries was to compare the 

long-term survival among high-risk medically refractory myocardial ischemia patients, 

who underwent PCI or CABG, either by random allocation (trial) or physician direction 

(registry) or patient choice (registry). Although medically refractory was an inclusion 

requirement and revascularization almost assumed, there were 323 patients, who for one 

clinical reason or another did not receive either CABG or PCI during their index 

hospitalization. This Medical treatment cohort has not been analyzed in any of the 

previous AWESOME publications. Chapter 6 of this dissertation thus provides two 

unique and previously unpublished contributions to the AWESOME story: 

• The inclusion of 5-year survival data, and 

• The inclusion of the medically treated cohort (non randomly allocated). 

The decision was made, on clinical grounds, not to explore the effect of baseline 

vital signs (heart rate, systolic and diastolic blood pressures), because of the potentially 

confounding effect of having incorporated these parameters as targets in the definition of 

'medically refractory' for inclusion. Table 6.2 includes the covariates considered as 

potential predictors of long-term outcome after either PCI or CABG. The table lists the 

absolute numbers of patients with the various covariates treated by CABG, PCI, or 

Medical therapy and the overall population. Additionally the proportional representation 

of each of these potential risk factors is included within parentheses. 



Table 6.2. AWESOME Baseline Covariates Among Cohorts Stratified by Treatment 

(Including Medical Therapy) 

Variable CABG PCI Medical Overall 
(n=1019) (n=1080) (n=323) (n=2431 

Age>70 614 (60%) 490 (45%) 174 (52%) 1278 (53%) 
Prior CABG 262 (26%) 498 (46%) 220 (66%) 980 (40%) 
lABP 44 (4%) 56 (5%) 7 (2%) 107 (4%) 
MI<7 days 302 (30%) 391 (36%) 89 (27%) 782 (32%) 
LVEF<.35 193 (19%) 193 (18%) 60(18%) 446(18%) 
IV nitroglycerin 285 (28%) 351 (33%) 83 (25%) 719 (30%) 
Male gender 2312 (99%) 
Diabetes 337 (33%) 324 (30%) 97 (29%) 758 (31%) 
H3q3ertension 679 (67%) 694(64%) 196 (59%) 1569 (69%) 
Current Smoker 211 (30%) 256 (34%) 50 (26%) 517 (>21%) 
PVD 225 (22%) 145 (13%) 61 (18%) 431 (18%) 
Creatinine>1.3 185 (18%) 250 (23%) 62 (19%) 497 (20%) 
COPD 195 (19%) 192 (18%) 66 (20%) 453 (19%) 
Prior PCI 161 (16%) 226 (21%) 48 (14%) 435 (18%) 
Prior Stroke 107 (10%) 102 (9%) 43 (13%) 252 (10%) 
Prior Arrest 32 (3%) 36(3%) 7 (2%) 75 (3%) 
Calcium blocker 352 (35%) 354 (33%) 116(35%) 822 (34%) 
Beta blocker 769 (75%) 806 (75%) 220 (66%) 1795 (74%) 
Aspirin 949 (93%) 1021 (95%) 271 (82%) 2241 (92%) 
Heparin 623 (61%) 628 (58%) 166 (50%) 1417 (58%) 
Normal sinus 796 (78%) 859 (80%) 221 (67%) 1876 (77%) 
OldQ 216 (21%) 235 (22%) 85 (26%) 536 (22%) 
NewQ 86 (8%) 146 (14%) 19 (6%) 251 (10%) 
New ST changes 484 (48%) 501 (46%) 110(33%) 1095 (45%) 
Angina 724 (71%) 819 (76%) 208 (63%) 1751 (72%) 
Dyspnea 463 (45%) 460 (43%) 118(36%) 1041 (43%) 
Fatigue 374 (37%) 355 (33%) 104 (31%) 833 (34%) 
Claudication 118(12%) 87 (8%) 39 (12%) 244(10%) 
Left main>50% 225 (22%) 112(10%) 50 (15%) 387(16%) 
LAD>70% 817 (80%) 805 (75%) 224 (67%) 1846 (76%) 
# Vessels>70% 1 vessel 216 1 vessel 352 1 vessel 109 1 vessel 677 

(20%) (33%) (33%) (28%) 
2 vessel 312 2 vessel 339 2vessel 79 2 vessel 730 
(31%) (31%) (24%) (30%) 
3 vessel 491 3 vessel 389 3 vessel 144 3 vessel 1024 
(48%) (36%) (43%) (42%) 
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Univariate Explorations Using Time to Event (Survival) Analysis 

For this dissertation, survival analysis, which uses more of the information than 

logistic regression analysis (death treated as a dichotomous outcome), was used. In 

STAT A, this begins by declaring the data to be survival data and specifying a time to 

failure (months survival; data element 43), and a censoring variable (data element 44; 

censored=0 and dead=l). Table 6.3 lists univariate exploratory analyses using the 

Mantel-Cox method to obtain mortality risk ratios (mortality for those with the covariate/ 

mortality for those without the covariate) for the entire group (n=2,431) and stratified 

according to treatment (CABG, PCI or medical). It is emphasized that this means 

treatment received for the registry and treatment randomized to for the trial cohort. The 

only covariate, which demonstrated large, differences between a strata risk ratio and the 

overall risk ratio was lABP. As discussed under subset analysis (chapter 5, Intra-aortic 

Balloon Pump Required to Stabilize) this covariate has 2 problems; (1) small numbers 

and (2) the fact that we cannot separate out prophylactically utilized lABP versus 

emergency required lABP. Accordingly, this observation has limited clinical utility. 

The remaining covariates show relatively small differences between strata and 

between 1 or more strata and overall risk ratios: intravenous nitroglycerin (which suffers 

from some of the same issues as lABP) and left anterior descending stenosis vary by 

—20% proportionally and the others by —10% or less. 
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Table 6.3 .Univariate Explorations Against Mortality, Using Mantel-Cox to Stratify by 
Treatment Reanalysis: ST Mantel-Cox; Covariate Exploration Against Mortality, 
Stratifying by Treatment (CABG Versus PCI Versus Med) 

Variable CABG PCI Med Combined 
RR; P>chi2; RR; P>chi2; RR: P>chi2; RR; chi2; 
( 95% CI) (95% CI) (95% CI) (95% CI) 

Age>70 1.56; p= 0002 1.80; p= 0000 1.61; p= 009 1.69; p^.OOOO 
1.23, 1.97 1.45,2.23 1.12,2.30 1.48,1.95 

Previous 1.24; p=.09 1.18;p=.13 .94;p=.74 1.16; p= 04 
CABG .97, 1.59 .95,1.46 .64,1.37 1.01,1.34 
lABP l . l l ;p-.69 2.18;p=.0001 .58; p= 59 1.51; p= 008 

.67,1.84 1.45,3.26 .08,4.43 1.11,2.06 
MI<7 days .92; p-49 .80; p=^.06 1.28; P-.21 .89;p-.13 

.72,1.18 .64,1.01 .87,1.89 .76,1.04 
LVEF<.35 1.69; p=.0000 2.10; p^.OOOO 1.63; p= 02 1.84; p=.0000 

1.31,2.19 1.63,2.70 1.07,2.49 1.56, 2.17 
IV nitro. .91;p=.46 1.20; p=. 11 1.46; p-05 1.09;p=.25 

.71,1.17 .96,1.50 .99,2.15 .94,1.27 
Diabetes 1.34;p=.01 1.36; p=.008 1.29; p= 18 1.34;p=0001 

1.06,1.69 1.09,1.71 .89,1.87 1.16, 1.56 
PVD 1.75; p=.0000 1.88;p-.0000 1.55; p= 04 1.78;p=.0000 

1.37,2.24 1.43,2.47 1.02,2.36 1.50, 2.10 
Creatinine 1.05;p=.74 1.14; p=.30 1.22; p-36 l . l l ;p=.23 

.79,1.41 .89,1.47 .80,1.87 .94,1.32 
COPD 1.59; p= 0004 1.72; p=.0000 1.44;p==.08 1.63;p=.00G0 

1.23,2.06 1.34,2.21 .96,2.16 1.38,1.92 
Prior PCI 90;p=.51 1.02;p=.88 .87; p=.58 .94;p-.51 

.65,1.24 .79,1.33 .53,1.44 .78,1.13 
Stroke 1.40; p=.05 1.89; p=.0001 2.41; p= 0000 1.78;p=.0000 

1.00,1.96 1.38,2.58 1.57,3.71 1.46,2.18 
Arrest 1.77; p= 05 1.52; p=. 11 1.96; p= 19 1.64;p=.006 

1.00,3.11 .90,2.57 .70,5.45 1.15,2.35 
Beta-blocker .59; p=.0000 .72; p=.005 .95; p=.77 .69; p=.0000 

.47, .75 .57, .91 .65,1.38 .59, .80 
Calcium 1.15;p=.23 .88; P-.29 .86; p=.42 .98; p= 80 
blocker .91, 1.45 .70,1.11 .60,1.24 .85,1.14 
Aspirin .64; p=.03 

.41, .96 
.64;p=.05 
.41,1.00 

.84; p=.45 

.52,1.34 
.66; p=.001 
.52, .85 

Heparin 1.02; p=.88 1.06; p= 58. 1.25; p= 21 1.07;p=.39 
.81,1.28 86, 1.32 .88,1.77 .92, 1.23 
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Variable CABG 
RR; P>chi2; 
( 95% CI) 

PCI 
RR; P>chi2; 
(95% CI) 

Med 
RR: P>chi2; 
(95% CI) 

Combined 
RR; chi2; 
(95% CI) 

Normal sinus 
rhythm 

.79; p= 08 

.61,1.03 
.84;p=19 
.64,1.09 

.85; p= 38 

.58, 1.23 
.80; p=.01 
.68,.95 

Variable CABG 
RR;P>chi2; 
( 95% CI) 

PCI 
RR; P>chi2; 
(95% CI) 

Med 
RR: P>chi2; 
(95% CI) 

Combined 
RR; chi2; 
(95% CI) 

Old Q wave 1.25;p=.09 
.96,1.63 

1.03;p=.82 
.80,1.33 

.95, p=.79 

.64,1.41 
1.10;p=.25 
.93,1.30 

New Q wave .85; p= 44 
.56, 1.29 

.83; p=.25 

.60,1.14 
1.27;p=.50 
.64,2.52 

.85;p-.18 

.67, 1.08 
New ST 
changes 

l.ll;p=.37 
.88,1.39 

1.13;p=.27 
.91,1.40 

1.57;p=.01 
1.10,2.24 

1.16;p=.05 
1.01,1.34 

Angina .98; p==.85 
.76,1.25 

.85;p=.19 

.67,1.09 
.78;p=.16 
.54,1.11 

.87;p=07 

.74,1.01 
Dyspnea 1.61;p-.0000 

1.29,2.02 
1.400; p=.002 
1.13,1.74 

1.19;p=.35 
.83,1.70 

1.43; p=.0000 
1.24,1.65 

Fatigue 1.22;p=.09 
.97,1.54 

1.32;p=.01 
1.06,1.65 

1.53; p= 02 
1.06,2.19 

1.31;p=.0003 
1.13,1.51 

Claudication 1.71; p= 0005 
1.26,2.32 

1.56; p=.01 
1.10,2.20 

.98; p=.94 

.57,1.68 
1.52; p= 0001 
1.24,1.88 

Number of 
vessels with 
>70% 

1.21;p=.004 
1.06,1.38 

1.32; p=.0000 
1.18, 1.49 

1.12;p-.25 
.93, 1.35 

1.25; p=.0000 
1.15, 1.35 

Left 
niain>50% 

1.32; p= 03 
1.02,1.72 

1.60; p=.004 
1.16,2.19 

1.12;p=.62 
.71,1.78 

1.39;p=.0004 
1.16,1.66 

Left anterior 
descending> 
70% 

1.05;p=.76 
.78,1.39 

1.49;p-.003 
1.14,1.95 

1.10; p=.64 
.75,1.61 

1.23; p= 01 
1.04,1.47 
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Overall Survival Comparisons 

Using STATA 8.O., Kaplan-Meier curves were generated for the 3 treatment 

groups (CABG, PCI, and Medical therapy) and plotted in Figure 6.1: Kaplan-Meier 

Survival Estimates by Treatment. In this graphic, PCI is the most superior line; next 

down is CABG; and the most inferior is Medical therapy. Comparing the 3 curves using a 

global log-rank test produced a p value =.03 meaning that there was a less than 3 in 100 

chance of obtaining curves this different under the null assumption that they are all equal. 

Comparing them 2 at a time and using a Bonferroni correction of .05/ 3 looks or <0.15, 

the comparison of PCI with Medical (p=0.01) is significantly different. This makes 

clinical sense, in that medically refractory patients who did not receive either PCI or 

CABG were likely felt to have either greater risk and/or less benefit than the subjects 

who received revascularization. 

Importantly, the CABG and PCI curves do not appear to cross by 5 years, against 

any late 'catch-up' by CABG. Figure 6.2: Test of the proportional hazards assumption 

using Stphplot {-ln[-ln (survival probability)] versus In (analysis time) }, where Medical 

therapy and CABG do cross, and as of 5 years, PCI and CABG are not truly parallel, 

suggesting that the assumption of proportional hazards is NOT met by these data. This 

proportional hazards observation, as well as our failure to obtain any significant 

covariate treatment interactions, served to significantly dampen my enthusiasm for 

trying to model these data (see next section). 



Figure 6.1. Kaplan-Meier Survival Estimates by Treatment (where top curve is PCI, 

middle is CABG and lowest curve is medical therapy). 
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Figure 6.2. Test of the proportional hazards assumption using {-ln[-ln (survival 
probability)] versus In (analysis time) }; treatment 3 (medical therapy) crosses treatment 
1 (CABG) so the assumption is not met for those 2; as of 5 years CABG and PCI have 
not crossed. 

-•-PCI 
—O- Medical 
-«-CABG 

0 -

2 0 1 3 4 

In (Analysis Time) Years 
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Multivariable Modeling and Conclusions 

First, the convergence of the CABG and PCI lines in Figure 6.2 is against the 

proportional hazards assumption, which suggest caution in trying to perform Cox 

proportional hazards modeling of these data. Nonetheless, I chose to at least generate 

interaction terms of each of the covariates with treatment, and attempt to force them into 

a multivariable model in an effort to explore possible subsets that might be preferentially 

treated with CABG. The single most important finding of literally hundreds of Cox 

proportional models with paired likelihood ratio tests of models with and without 

interaction terms, is that none of the covariate-interaction terms added significantly to 

any multivariable model. This finding was replicated with logistic regression, treating 

death as a dichotomous endpoint. 

Using stepwise Cox modeling (with either backwards elimination of variables, or 

forward addition of variables), a parsimonious model which included the 5 high-risk 

entry criteria (prior CABG; age> 70; LVEF<.35; MI within 7 days; lABP), 2 drug 

treatments (aspirin and beta-blocker), and one or more of the several collinear means of 

expressing several important comorbidities (claudication or peripheral vascular disease; 

renal insufficiency; dyspnea or COPD) was repeatedly derived, with minor variations. 

Each of these covariates appears repetitively in the various published registry experiences 

of CABG risk and PCI risk. 
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CHAPTER 7 

WHERE DOES AWESOME 'FIT' INTO THE CABG VERSUS PCI 

LITERATURE? 

"Why should we be in such desperate haste to succeed and in such 
desperate enterprises? If a man (or trial) does not keep pace with his 
companions perhaps it is because he hears a different drum. Let him 
step to the music which he hears, however measured or far away." 

From Walden by Henry David Thoreau 

Comparisons With Other PCI Versus CABG Trials 

Of the AWESOME patients who underwent PCI, 54% received stents; as such, 

AWESOME is a stent era trial of PCI versus CABG. The other stent era trials include 

ARTS, SoS, ERACIII and MASS II (167-177). Implicit in the term stent-era are 

included dual antiplatelet therapy (aspirin plus a thienopyridine, now clopidogrel), and at 

least the availability of glycoprotein Ilb/IIIa receptor antagonist medications. Pre-stent-

era trials such as BARI, CABRI, RITA, EAST, GABI, ERACI I and MASS I (115-130) 

did not include any of these three advances, the clinical impacts of which on both acute 

occlusive syndromes, in-hospital MI, and emergency CABG; and restenosis and late 

repeat revascularizations, are considerable (230-310; 378-468; 547-568). In terms of 

enrollment, only BARI had»1000 patients (1829); CABRI, RITA, ARTS and SoS 

enrolled -1000; AWESOME (454) enrolled in its randomized trial comparable numbers 

to EAST, GABI, ERACI II. 
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AWESOME is the only trial that compares CABG and PCI in myocardial 

ischemia patients recruited because they were both medically refractory and had risk 

factors for adverse outcomes with CABG (115-130; 167-177). As shown in Table 7.1, the 

mean age of AWESOME randomized trial patients of 67 years is at least 5 years older 

than the mean age of patients randomized in EAST (62 years), BARI (61 years), and the 

other PCI versus CABG trials (115-130; 167-177). Similarly, the mean LVEF of 

AWESOME patients (.45) is >0.10 lower than the mean values for any previous 

randomized trial comparing CABG with PCI (115-130; 167-177). Prior CABG (31% of 

AWESOME patients) has been an exclusion from all previoiis trials (115-130; 167-177). 

Most previous trials have excluded patients with MI within 7 days (33% of AWESOME 

patients) (94-130; 167-177). The proportions of patients with diabetes and hypertension 

are considerably higher than the reported proportions for ARTS, SoS, ERACII or II and 

the other pre-stent era comparisons of CABG with PCI (115-130; 167-177). 

A shown in Table 7.2, RITA 1 and MASS 11 and I are the only other comparison 

trials of CABG versus PCI to include single vessel disease patients (115-130; 167-177). 

On the other hand, the proportions with 3-vessel disease are comparable across these 

trials. The feet that none of them other than ERACI 11 included greater than 50% 3-vessel 

may reflect the strong clinical bias to direct 3-vessel disease patients to CABG rather than 

permit random allocation. 

The attempt to mandate medically refractory in AWESOME is clear when 

comparing the proportions of randomized patients from the various trials who were 

receiving specific medications at the time of random allocation. This is shown in Table 
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7.3. AWESOME patients had much higher proportions on aspirin and beta-blockers and 

lower proportions on calcium channel blockers. In the stent-era, both ARTS and SoS 

patients had nearly uniform dual antiplatelet therapy (as did AWESOME patients who 

received stents: 54% of PCI arm) but only AWESOME patients received glycoprotein 

Ilb/IIIa receptor antagonists (11%) (115-130; 167-177; 183-188). 

Table 7.4 shows the unique contribution of AWESOME in terms of particular 

high-risk subsets, specifically patients with prior CABG, on-going or recent Mi or 

hemodynamic instability sufficient to require lABP. 

Table 7.1. Comparison of AWESOME With Selected Trials of CABG Versus PTCA or 
PCI. (Morrison DA, Sacks J, Henderson WG, Sethi G: The AWESOME Trial. In 
Morrison DA, Serruys PW. High-risk Cardiac Revascularization and Clinical Trials. 
London; Martin Dunitz, 2002;217-233) 

Trial Age LVEF Prior MI Diabete Hvoerten. 

(years) (mean) (%) (%) (%) 

AWESOME 67 0.45 71% 33% 70% 

ARTS 61 0.60 43% 18% 45% 

SoS 62 0.57 45% 14% 45% 

ERACIII 62 - 28% 17% 71% 

BARI 61 0.57 55% 25% 49% 

CABRI 60 0.63 42% 12% 36% 

EAST 62 0.61 41% 23% 53% 

ERACII 57 0.61 50% - -

GABI 59 0.56 47% 13% 41% 

RITA 57 42% - _ 

'stent-era' 
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Table 7.2. Comparison of AWESOME With Selected Trials of CABG Versus PTCA or 
PCI (Morrison DA, Sacks J, Henderson WG, Sethi G: The AWESOME Trial. In 
Morrison DA, Serruys PW. High-risk Cardiac Revascularization and Clinical Trials. 
London: Martin Dunitz, 2002;217-233) 

Trial Single vessel Two vessel Three vessel 

AWESOME 18% 41% 41% 

ARTS 2% 68% 30% 

BARI 0% 59% 41% 

CABRI 2% 57% 41% 

EAST 0% 60% 40% 

ERACII 0% 55% 45% 

ERACIII 5% 39% 56% 

GABI 0% 82% 18% 

RITA I 45% 43% 12% 

'stent-era' 

Table 7.3. Stents, Glycoprotein Ilb/IIIa and Medical Therapy Among Randomized 
Patients in RCT's Comparing CABG With PCI. (Morrison DA, Sacks J, Henderson WG, 
Sethi G: The AWESOME Trial. In Morrison DA, Serruys PW; High-risk Cardiac 
Revascularization and Clinical Trials. London: Martin Dunitz, 2002;217-233) 

Trial Aspirin Heparin Beta Calcium GP2b/3 Stents 

AWESOME 88% 64% 76% 33% 11% 54% 

BARI 45% 31% 50% 76% 0 0 

CABRI 96% 12% 63% 66% 0 0 

EAST 49% 32% 35% 76% 0 0 

ERACI II - - - 28% 100% 

RITA 72% _ 75% 72% 0 0 
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Table 7.4. Risk Subsets Included in CABG Versus PCI Randomized Clinical Trials and 
Registry (Morrison DA, Sacks J, Henderson WG, Sethi G. The AWESOME Trial. In 
Morrison DA, Serruys PW. High-risk Cardiac Revascularization and Clinical Trials. 
London: Martin Dunitz, 2002;217-233) 

Risk subsets RCT 

prior CABG 

MI on-going or <24 hours 

AWESOME 

AWESOME ERACIII 

MI< 7 days AWESOME ERACIII EAST 

Emergency revascularization (including lABP) AWESOME 

Stent use in RCT AWESOME ERACI II ARTS SOS 

Glycoprotein Ilb/IIIa AWESOME ERACIII 

Coronary Artery Bypass Graft Surgery in the New Millennium: 'Off-pump', 

Arterial Conduits 

There are no trials which confirm a survival benefit with CABG for the same 

anatomically high-risk CAD subsets identified in the early 1970s (left main; 3-vessel 

CAD with or without .35<LVEF<.55; 2-vessel CAD including high-grade proximal left 

anterior descending disease) versus contemporary medical management, which includes 

routine daily aspirin: routine statin use (especially to LDL<100); use of RCT dose ACE-I 

or ARB: routine beta-blocker, especially directed to either RCT doses or relative resting 
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bradycardia, or any mandatory risk factor modification, such as complete smokinp 

cessation (9-106; 183-188). This is conceptually important because use of each of these 

examples has been shown to impart significant survival benefit compared to placebo, in 

large-scale (>4000), prospective, double-blinded, randomized, clinical trials (9-13; 14-30; 

31-62; 63-85). Nonetheless, practitioners send patients with multivessel CAD to CABG, 

telling them that they 'will have a survival advantage, based upon randomized trial data'. 

(See Appendk B: Table 6.) 

Similarly, there are no randomized trial data referable to large and growing 

populations, which were systematically excluded from randomization in the published 

Medical therapy versus CABG trials, such as, patients with: 

• Prior CABG (94-106;l 15-130; 167-177; 183-193), 

• Severe left ventricular dysfunction, defined as LVEF<.35 (94-106;l 15-130; 167-

177; 183-193), 

• Hemodynamic instability (even mild hypotension, much less pulmonary edema 

and/or cardiogenic shock) (94-106; 115-130; 167-177; 183-193), 

• Emergency revascularization required, because of on-going symptoms (94-106; 

115-130; 167-177; 183-193)., 

• On-going myocardial infarction (MI) (94-106; 115-130; 167-177; 183-193)., 

• Unfavorable conduits or diffiise disease (248-310), and/or 

• Major comorbidity (cerebral, pulmonary, renal, hematological, hepatic) (311-377; 

463-468; 469-523;524-531). 
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Despite this absence of data, Guidelines for acute MI, unstable angina and even 

cardiogenic shock, continue to suggest that patients with left main or 3-vessel disease 

should go to CABG rather than PCI(?) (94-106; 115-130; 167-177; 183-193; 248-314; 

328-382; 383-390). 

Additionally, although surgical registry experiences suggest that the use of the left 

internal mammary artery as a CABG conduit improves both long-term patency and even 

survival, these issues have never been the subjects of a prospective randomized trial (178-

182; 463-468). Similarly, the RCT data available comparing either other arterial conduits, 

such as the radial artery or 'off-pump' techniques, are limited and for the most part 

underpowered relative to survival (541). 

Stents and Atherectomy: Percutaneous Coronary Intervention (PCI) 

No sooner were the 'pre-stent' PTCA versus CABG trials completed and 

published, than trials documenting the superiority (in terms of acute occlusive syndromes 

and complicating MI; emergency CABG; and long-term freedom from repeat 

revascularization) of routine stent use to PTCA published (4-8; 230-310;385-462; 547-

568)). Given that each of these outcomes were part of all of the PTCA versus CABG 

trials (Appendix B;Table 3) it has been argued that the results of those trials were 

'outdated' (115-130; 167-177). There has not been nearly as much concern that these 

trials were equally 'outdated' by the failure to include contemporary medical 

management in either arm. Further, as one can see by reviewing the trials of Appendix B: 

Table 6 'stent-era' trials of PCI versus CABG, such as SoS and ARTS and MASS II have 
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not mandated optimal medical management, and AWESOME, which attempted to define 

'medically refractory' was begun before statins and ACE-I were incorporated into the 

current regime (167-177). 

What also must be emphasized is that even without particularly robust medical 

arms, there is no evidence from any of the stable patient studies that PCI imparts a 

survival benefit relative to either medical therapy or CABG (107-114; 167-177). 

Alternatively, as shown in Appendix B: Table 4, this is not the case for unstable 

angina/ non-STEMI (conservative versus invasive where invasive means ~90% 

revascularization, predominantly by PCI); here the 3 most recent moderate-size 

(>1000) trials, FRISCII, RITA3 and TACTICS-TIMI18 document a survival 

benefit with the invasive strategy (131-136). Similarly, as shown in Appendix B: 

Table 5, meta-analysis of the >7000 patients in 23 trials comparing thrombolytic 

(and contemporary medical management) therapy versus emergency PCI document 

survival benefit with PCI (137-166). 

The questions that remain after 9 pre-stent-era and 5 stent-era trials of PCI versus 

CABG include; 

• Is it possible to perform 'a large simple trial' of revascularization, as has been 

done with thrombolytics, aspirin, beta-blockers and ACE-inhibition? 

• Since one cannot effectively mask or blind the choice between CABG and PCI, 

can one really control for either selection bias or observation bias in the attempts 

to compare PCI and CABG? 
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• How does one include the patients with acute hemodynamic, electric or ischemic 

instabilities (the very patients for whom we are most in need of guidance) in RCT, 

given that time is an obligate confounder (the longer you delay the choice the 

worse the outcome regardless of the choice, or 'Treatment delayed is treatment 

denied')? 
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CHAPTERS 

SUMMARY AND CONCLUSIONS 

"I was bom in the most favored spot on earth, and just in a nick of time." 

"In the loi^ run men hit only what they aim at. Therefore, though they 
should fail immediately, they had better aim at something high." 

"The cost of a thing is the amount of what I call life, which is required to 
be exchanged for it." 

All quotes are from Walden by Henry David Thoreau. 

Interim Summary as of 2004 

In the late 1980s we began to be confronted with patients who had symptomatic 

myocardial ischemia, which was refractory to the medical therapy, conventional at that 

time (primarily antianginals). Accordingly, we took them to coronary angiography and 

demonstrated significant obstructions to flow in multiple vessels. Based on the 1970s 

trials of CABG versus medical therapy, CABG was considered the revascularization 

choice for most patients with high-risk, where high-risk was primarily a fiinction of 

extent of CAD and extent of LV dysfimction. Conversely, particularly prior to the advent 

of stents and advanced antiplatelet pharmacotherapeutics (dual antiplatelet therapy and 

glycoprotein Ilb/HIa receptor inhibition), PCI was considered the revascularization 

choice for low-risk patients (also primarily defined m terms of extent of CAD and LV 

dysfimction). According to the contemporary paradigm, we considered CABG for most 
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of these medically refractory ischemic, multivessel disease patients. Because of risk 

factors for adverse outcome with CABG, additional to extent of CAD and extent of LV 

dysfunction (such as hemodynamic instability, recent inlarction and major comorbidity), 

our cardiac surgeons were unwilling to oflfer CABG to many of these patients. It was in 

response to these circimistances that we began PCI without backup for patients with 

medically refractory myocardial ischemia and risk profiles such that our cardiac surgeons 

turned them down for CABG ('salvage angioplasty'). 

When we first proposed a randomized clinical trial comparing PCI versus CABG 

among patients with medically refractory myocardial ischemia and high-risk of adverse 

outcomes with CABG, the notions that CABG was the revascualrization choice for high-

risk patients, and PCI was the revascularization choice for low-risk patients were 

reasonably well entrenched. Accordingly our proposal was greeted with everything from 

'unethical' and 'immoral to 'unreasonable' and 'not feasible'. Throughout the 5 years of 

the trial, enrollment lagged behind goals, not because we could not identify patients with 

medically refractory myocardial ischemia and both risk factors for adverse outcome, and 

vessels in need of revascularization (indeed over 85% of our high risk subjects were 

revascularized during their index hospitalization and 5-10% more were discharged only 

to return and finally receive revascularization within 1 month). Rather, the under-

enroUment derives primarily (1650 patients) from physiciiin-direction to either CABG or 

PCI, as if the preferable alternative was known. 

Based upon the 'culprit lesion' hypothesis, and the importance of time to 

reperfiision among acutely infarcting patients, the next 2 decades saw increasing 
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application of emergency PCI to patients who were at high-risk of adverse outcomes 

based primarily upon their acuity and instability (hemodynamic, electric, and 

ischemic) (13-136; 137-166; 194-229). Accordingly, the idea of offering PCI to patients 

who were too high-risk for CABG has gradually become less counterintuitive. The 

addition of stents and advanced adjunctive pharmacotherpay has also virtually 

eliminated many of the acute occlusive syndromes, which used to mandate surgical 

standby for high-risk PCI (230-247; 248-310; 385-462; 547-568). 

As of2004, we have spent the better part of 15 years planning, obtaining funding 

for, conducting, and analyzing the only randomized clinical trial comparing PCI with 

CABG among patients who were both medically refractory (by any definition) and high-

risk (these are the only prospective, randomized data regarding patients with prior 

CABG, lABP required, within 7 days of an MI or with LVEF<. 35). 

Clearly, although the sample size of454 patients is too small to reliably infer that 

our failure to detect a survival difference between PCI and CABG is not a ftmction of a 

Type II error, it is equally clear that this is the best we could get. Given the extraordinary 

advances in stents and drug-eluting stents (547-568), it is inconceivable that we could 

obtain fimding, much less active participation of surgeons and interventionists, which 

would permit the conduct of an adequately powered contemporary PCI versus CABG 

survival trial. At this point, how do we proceed to manage medically refractory high-risk 

patients? 
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Survival Equivalence? 

The question is often raised, 'Do you have enough data from AWESOME to 

reliably conclude that long-term survival is equivalent between PCI and CABG for high-

risk patients?' If so, one could argue that since PCI is so less morbid that PCI is the clear 

preference. In the literature of equivalence trials (usually drug equivalence trials) it is 

proposed that one 'set in advance' a clinically significant range of effect, then conduct 

ones trial and from it derive a confidence interval (for example +/- 95%) and then 

observe whether the clinically significant effective range does or does not overlap with 

the observed range (539-540). First, it is hard to consider what range of long-term 

survival would not be clinically significant. Second, given the sample size of 454 

randomized patients the range of the trial is relatively wide (for example, our 3 year data 

the SE was 3.7%; 1.96X SE would be ~ +/- 8%). 

Clearly, there are multiple dimensions to the concept of risk for mortaUty. Some 

of the dimensions of risk, because they contribute to ischemic burden (extent of CAD; 

extent of LV dysfiinction; hemodynamic instability), contribute to the revascularization 

paradox; in other words, the short-term risk may be compensated for by long-term gain 

(assuming that the individual in question survives the acute revascularization) (189-193). 

Other contributors to short-term risk such as COPD, cerebrovascular disease, or 

peripheral vascular disease, are not likely to be associated with a long-term gain after 

revascularization (311-377). To adequately explore, via randomized clinical trial, the 

relative roles of PCI and CABG for high-risk subsets would require either multiple 

medium-sized trials (500-1000) of tightly defined single risk groups (STEMI with stable 
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hemodynamics (137-166) STEM! with shock (163; 194-229); non-STEMI without shock 

(131-136); non-STEMI with shock (194-229); severe COPD (469-523) without infarction 

or hemodynamic instability; STEMI plus prior cerebrovascular disease; etc) or a large 

simple trial (mega trial of >10,000 patients) which included multiple groups. Given all 

that is felt to be at stake, trials pitting dedicated physician groups against one another (as 

opposed to one pill versus another) are extremely difficult to accomplish. 

PCI, the Acute Stabilization Method of Choice for Acute Myocardial Infarction 

There is strong clinical evidence, much of it from randomized trials of either 

thrombolytic drugs or primary angioplasty, to support the concept that earlier reperfiision 

after the onset of myocardial infarction is associated with improved clinical outcomes 

(137-166). Given that patients undergo coronary angiography before either 

revascularization method, the time to reperfiision concept favors PCI in any acute MI 

setting where the arterial lesion can be crossed with a wire and ballooa The CABG 

versus PCI in-hospital survivals in the AWESOME early post-MI subset fiirther 

strengthens this concept. In the PAMI trials and other trials of fibrinolytics versus 

revascularization to treat STEMI, >90% of patients are reported as having been 

revascularized with PCI (137-166). The STS, Stat^ of New York, and VA Surgery 

program registries have all demonstrated that CABG within 7 days of an MI is associated 

with significantly higher 30 day mortality than surgery among patients who are not 

within 30 days of an MI; this finding has persisted after multivariable attempts to adjust 
S 

for multiple other risk factors (178-182; 189-193; 463-468). 
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What About Cerebral Morbidity? 

Prospective reports have documented rates of stroke and or clinically significant 

impairment of intelligence and fimctional capacity of between 3% and 40% after CABG 

(311-377). This wide range represents the methods used to detect cerebral adverse 

outcomes. Unless neurological examination, brain imaging, and/or intelligence testing are 

routinely performed, the observed rates are closer to the 3% number (311-377). With an 

aging population, and increasing rates of hypertension and diabetes, it is likely that the 

substrate for cerebral adverse outcome is increasingly prevalent among patients coming 

to CABG. Importantly, among an older population, impairment in the ability to care for 

oneself is frequently considered a morbid outcome that rivals mortality in importance to 

patients. 

There is nothing comparable being reported from PCI of even the highest risk 

subsets (378-462). In fact part of the comparison of primary angioplasty with 

fibrinolytics has been the 1-2% risk of hemorrhagic stroke with tPA versus no significant 

cerebral impairment after PCI even among acute STEMI patients (137-166). If it is 

difficult to design and conduct a trial comparing the potentially competitive procedures of 

2 groups of physicians (PCI versus CABG), adding one or more additional groups of 

physicians to adjudicate complications (imaging physicians; neurologists; psychologists 

who test intellectual capacity) of these 2 procedures would complicate matters further. In 

our current state of ignorance, it is safe to say that particularly among patients at high risk 

of cerebral adverse outcome (elderly, hypertensive, diabetic, prior cerebral events, carotid 
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atherosclerosis by Doppler or angiography), CABG is more likely to be complicated with 

significant cerebral impairment than PCI. 

What About Pulmonary Morbidity? 

Successful CABG requires intubation, mechanical ventilation, and opening of the 

pericardium and aorta in every case. Unless 'off-pump' technique is employed, opening 

the mediastinum and both thoracic cavities, as well as cardiac arrest and cardiopulmonary 

bypass, are also required (469-523). Although advocates of the off-pimip technique imply 

that it is easily performed, many surgeons are not comfortable with the techniques and 

one recently completed small randomized trial has confirmed inferior conduit patency to 

conventional CABG after as little as one year (541)! Mediastinitis, pneumonia and sternal 

infection are not rare sequelae of CABG; all of them increase the morbidity (length of 

time on mechanical ventilation; length of stay in intensive care; atrial arrhythmias) and 

mortality of the procedure, and all are more common among patients with COPD (469-

523). COPD is increasingly prevalent in our society. 

Chronic pulmonary impairment can follow CABG either as a result of 

diaphragmatic paralysis (more common with internal mammary artery takedown for use 

as a graft conduit), postoperative pneumonia, postoperative pleural effiision or empyema, 

pulmonary damage from cardiopulmonary bypass. I have cared for patients who had 

complete relief of angina after a CABG only to have worse exercise capacity because of 

chronic pulmonary impairment. For 1 year at the Denver VA (unpublished) we obtained 

pulmonary function testing on all pre-CABG patients and repeat puhnonary function 
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testing after at least 8 weeks post-CABG. Approximately 20% of patients had significant 

declines in lung volumes, spirometry or both. There is nothing comparable after PCI 

(385-462). Accordingly, among patients with severe pulmonary disease, PCI is clearly 

preferable to CABG (528-531). In our 15 year experience offering salvage angioplasty to 

patients turned down for CABG, the following have been among the common reasons for 

referral from our surgeons; use of continuous home oxygen; chronic use of steroids for 

reversible airways disease; more than moderate pulmonary hypertension (systolic 

puknonary artery pressure> 65 mm Hg or mean PA pressure >40); cor puhnonale. 

Scorecard Medicine and Changing Care Provider Behavior 

It is currently a part of all ACC/AHA Guidelines and likely soon to be a part of 

the Joint Commission on Accreditation of Health Organizations (JCAHO) and Medicare/ 

Medicaid to mandate the use of aspirin, statins, beta-blockers after an MI and ACE-I and 

beta-blockers for CHF patients with reduced LVEF (1-8). These features of the era of 

'scorecard medicine' are pushing care providers closer to an AWESOME-like definition 

of medically refi-actory. Similarly, the Guidelines for primary angioplasty with STEMI 

and the Guidelines for non-STEMI, based upon FRISC H, RITA 3, and TACTICS-TIMI 

18 are all emphasizing a revascularization strategy for high-risk subsets (1-8; 131-136). 

In turn, these subsets have both biologic (time to reperfiision), and standard of care (most 

of the patients in these 3 trials and the 23 trials of PCI versus thrombolytic therapy were 

revascularized by PCI) reasons to fevor PCI over CABG for the majority of patients 

(137-166). 
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The Coming Pandemic of High-Risk Coronary Artery Disease (CAD) 

The World Health Organization predicts that by 2020, tobacco-related illness, 

including CAD, cerebrovascular disease (CVD), peripheral vascular disease (PVD), and 

chronic obstructive pulmonary disease (COPD), wiU kill more humans than any other 

cause (532-535). The ageing of the 'baby boom' generation is being accompanied by an 

older average age across the world. Obesity, lack of physical activity, and diabetes are 

increasing throughout much of the world, and these risk fectors are associated with more 

CAD, PVD, and CVD. The late Twentieth Century decline in cardiovascular mortality in 

Europe and the Americas was age-adjusted, not absolute (and as above, the average age is 

increasing). The incidence of myocardial infarction (MI) never appeared to decrease; 

only the acute mortality of Ml decreased. Congestive heart feilure (CHF) is also 

increasing at epidemic proportions. Taken together, these population trends suggest that 

by 2010, the population of CAD patients wiU be larger and higher risk; that is, higher 

proportions with prior MI, CHF, diabetes, PVD, CVD, and COPD. Some of these risk 

factors will render these CAD patients both more likely to benej&t from revascularization 

and at increased risk of adverse outcomes from revascularization. Other factors, such as 

CVD, PVD, and COPD, will primarily make revascularization higher risk. In any case, 

care providers will be called upon to consider PCI or CABG for a population, which is at 

increasingly high risk of procedural adverse outcomes. 

Summary and Conclusions 

As the cost of providing medical care continues to rise, care providers, medical 

payers, hospitals and clinics and stakeholders will be called upon to determine whether 
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the system under which they receive or deliver care, can afford to offer multiple CABGs 

and/or multiple drug-eluting stents to patients who can not, or will not: 

• Quit smoking, 

• Lose weight, 

• Control their diabetes, 

• Control their blood pressure, and/or 

• Control their serum lipids. 

In addition to cost considerations, data from multiple RCTs strongly support the 

effectiveness of both lifestyle modifications and medical therapies (aspirin; statins and 

other lipid-lowering; beta-blockers; ACE-I) in increasing survival, reducing 

hospitalization and other ischemic events, and improving quality of life. In contrast the 

amount of data supporting survival enhancement, and reduction of ischemic events with 

either revascularization option (PCI or CABG) is more limited. 

From an intuitive perspective, it seems clear that the biological, ethical, and 

economic order of priority should be the same: lifestyle risk factor modification followed 

by appropriate medications in appropriate dose, with PCI or CABG reserved for 

medically refractory myocardial ischemia (as in the AWESOME trial). Among patients 

with medically refractory ischemia, who are at higher than usual risk of adverse 

procedural outcomes due to on-going infarction, hemodynamic or electrical 

instability, prior CABG, or major comorbidity, particularly cerebral or pulmonary, 

in my view, PCI is favored over CABG. Conversely, for patients with medically 

refractory ischemia who are higher than usual risk based upon extent of CAD 
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(multivessel/ multiiesion) or extent of LV dysfunction, so long as they are not 

infarcting or hemodynamically unstable, CABG may be preferred over PCI. 

Finally, mere age>70 years and/or LVEF<.35 do not argue for or against CABG or 

PCI. 

In general, most patients prefer medical therapy to 'invasive' treatment, and the 

least invasive over more invasive alternatives. Despite many individuals saying that they 

would prefer lifestyle modification to even taking medications, the epidemics of obesity, 

sloth, and diabetes speak to the extraordinary public health dilemma regarding large-scale 

lifestyle modification. 

In the history of medicine, when relatively little is understood of the biology of a 

disease, such as cancer, surgery is often the first approach. As more is learned of the 

biology, it becomes possible to treat it, for example with streptomycin for tuberculosis, 

rather than lobectomy or pneumonectomy. Gradually, preventive strategies can be 

developed. 

This dissertation has documented some of the progression of knowledge, and its 

application to the treatment of patients with coronary artery disease (CAD). From the 

days when CABG was nearly first-line (ahead of medical therapy for patients with left 

main stenosis and/or 3-vessel disease), to PCI as the acute stabilization method of choice 

for acute MI, towards both acute and chronic medical therapies which rival 

revascularization, and preventive strategies which might render much revascularization 

nearly obsolete, if they were onlv widely adopted (532-535). The next great frontier in 



126 

cardiovascular health will likely involve learning how to encourage healthy lifestyles 

through behavior modification. 
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ABSTRACT: This multicenter, prospective randomized trial was designed to test the hypotheses 
that percutaneous coronary intervention (PCI) is a safe and effective alternative to 
coronary artery bypass grafting (CABG) for patients with refractory ischemia and high 
risk of adverse outcomes. As a comparison of revascularization strategies, the trial 
specifically allows surgeons and interventionists to use new techniques as they become 
clinically available. After 42 months of this 72-month trial, 17,624 patients have been 
screened and 2022 met eligibility requirements: 341 have been randomized to either 
CABG or PCI, and the remaining 1681 are being prospectively followed in a registry. 
The 3-year overall survival of patients in the registry and randomized trial is comparable. 
To enhance accrual into the randomized trial, site visits were conducted, a few low-
accruing hospitals were put on probation and/or replaced, eligibility criteria were 
reviewed at annual meetings of investigators, and the accrual period was extended by 
1 year. These data demonstrate that a prospective randomized trial and registry of 
coronary revascularization for medically refractory high-risk patients is feasible. Con
trol Clin Trials 1999;20;601-619 © Elsevier Science Inc. 1999 

KEY WORDS: Angina, angioplasty, bypass, coronary disease, revascularization 

INTRODUCTION 

Percutaneous cororxary intervention (PCI) was introduced as a revasculariza
tion option for patients with stable symptoms, single-vessel disease, preserved 
left ventricular systolic function, stable hemodynamics, favorable coronary 
anatomy, and absence of significant comorbidity [1]. Subsequently, PCI has 
been successfully applied to patients with unstable symptoms, multivessel 
disease, impaired left ventricular function, unstable hemodynamics, less favor
able coronary anatomy, and significant comorbidity [2], Implied by these efforts 
to extend the application of PCI was the hope that, for some patients, PCI might 
delay or obviate the need for coronary artery bypass graft surgery (CABG). Five 
large-scale, randomized controlled trials had previously demonstrated that 
CABG offered an advantage over medical therapy in patients with imcontrolled 
and/or unstable symptoms, multivessel disease and impaired ventricular fimc-
tion [3-9], Each of these variables is also a predictor of adverse outcomes in 
medical or CABG cohorts. 

Despite the hope that PCI might delay or obviate the need for CABG in 
some patients, studies from the state of California, the Duke database. Medicare, 
nationwide insurance claims, and the GUSTO trial all suggest that most PCI 
in the United States has come among patients previously managed medically 
and has not affected the need for CABG [10-14]. These and other data suggest 
that most PCI is currently performed among low-risk patients [10-14]. 

The aging of the U.S. population and the improvement in medical therapy, 
especially for acute myocardial infarction (MI) and heart failure, are combining 
to create higher proportions of high-risk patients in need of myocardial revascu
larization. This concept is specifically supported by the nationwide Society of 
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Thoracic Surgeons database comparisons of the types of patients undergoing 
CABG in 1984 versus 1993 [15, 16] and Medicare data comparing 1987 to 
1990 [17], 

To guide therapeutic decisions, it is universally acknowledged that the best 
data available are those that come from multicenter, randomized controlled 
trials [18]. Until now, the randomized controlled trials comparing medical 
therapy versus CABG [4-9], medical therapy versus PCI [18-20], and PCI versus 
CABG [21-25] have excluded patients with medically refractory symptoms, 
severe ventricular dysfrmction, prior CABG, hemodynamic instability necessi
tating mechanical support, unfavorable anatomy for revascularization, and 
clinically significant comorbidity. These recognized risk factors for CABG are 
also among the 29 identified from eight cardiac databases representing 158,273 
cases that are associated with adverse outcomes in coronary intervention [26]. 

Several case series have raised the possibility that, among high-risk patients, 
PCI might be an alternative to CABG [27-29]. No prospective randomized 
trial data are available to confirm this concept. To address this question, the 
Department of Veterans Affairs (VA) initiated a randomized controlled trial 
of PCI versus CABG in high-risk patients. This report describes the design of 
the trial and the characteristics of the first 341 randomized (17%) and 1,681 
(83%) prospectively enrolled registry patients from the Angina With Extremely 
Serious Operative Mortality Evaluation (AWESOME) clinical trial. The course 
corrections designed to improve patient accrual into the randomized trial and 
achieve adequate sample size and power are also described. 

STUDY DESIGN AND METHODS 

The primary objective of this study is to compare all-cause mortality over 
an average of 3.5 years for patients with medically refractory imstable ischemia 
and high risk of adverse outcomes randomized to either CABG or PCI. Second
ary objectives include comparing repeat revascularizations, symptom relief, 
and quality of life between the two groups. 

Patient Selection 

Patients have been enrolled from 14 medical centers in the Department of 
Veterans Affairs health-care system (see appendix for list of participating cen
ters). A registry has been formed of all patients with medically refractory 
unstable angina and having at least one high-risk factor. A subset of these 
patients who are accepted by the interventionalist and surgeon and who agree 
to randomization are randomized to PCI or CABG. Based on the Department 
of Veterans Affairs Cardiac Surgical Risk Assessment Program data, high risk 
for adverse outcomes is defined as the presence of one or more of the following: 
prior CABG; age > 70 years; MI within 7 days; left ventricular ejection frac
tion < 0.35; and intraaortic balloon pump required [30]. Patients are screened 
by a full-time nurse research associate in a five-step process. 

Step 1. Screen for unstable angina [27, 29]. Unstable angina is indicated by 
any of the following: rest angina with reversible electrocardiographic 
changes; rest angina without electrocardiographic change but with either 
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prior MI or angiographic coronary narrowing; recurrent rest angina; rest 
angina within 7 days of an MI; or unstable ischemia stabilized medically 
with a subsequent positive provocative test for ischemia. 

Step 2. Screen for medically refractory patients [29,31,32]. Medically refrac
tory is defined as anginal symptoms which persist despite aspirin and/ 
or heparin and one of the following: resting heart rate < 60 beats/minute 
or systolic blood pressure < 120 mm Hg on no antianginal medication, 
enough antianginal medication such that resting heart rate < 70 beats/ 
minute or systolic blood pressure < 150 mm Hg, intraaortic balloon pump 
is required to stabilize, or patient cannot tolerate beta-blocker or cal
cium blocker. 

Step 3. Screen for high risk for adverse outcomes [28-30, 33-45]. High risk 
is defined by the patients having at least one of the following risk factors; 
age > 70 years, one or more prior open heart operations, left ventricular 
ejection fraction < 0.35, MI within 7 days, or intraaortic balloon pump 
necessary to stabilize. 

Step 4. Screen for angiographic acceptability for revascularization by the 
surgeon and interventionist [2, 3]. Angiographic suitability for PCI is 
assessed by the interventionist; angiographic suitability for CABG is as
sessed by the cardiac surgeon. 

Step 5. Informed patient consent. Informed consent is solicited after the 
patient is deemed revascularizeable by both the interventionalist and by 
the surgeon. Patients who are deemed unacceptable for randomization 
by either the interventionalist or surgeon or who do not consent to ran
domization are entered into a registry. 

Randomization and Stratification 

Patients who meet the first three criteria (imstable angina, medically refrac
tory, and high risk for adverse outcomes) and are suitable for either CABG or 
PCI and are not randomized are followed as members of the registry (Figure 1). 

Randomization is performed by computer at the Cooperative Studies Pro
gram Coordinating Center at Hines, Illinois, under the direction of the study 
biostatistician. Patient randomization is stratified by VA site, by age (^70 years 
and >70 years) and by prior open heart surgery (yes or no) (64 strata). Treatment 
is expected to be performed within 72 hours of randomization. Survival time 
is cotmted from the date of randomization. 

Revascularization Strategy 

This study compares a PCI versus CABG strategy. In an effort to make 
the study more generalizable and clinically relevant, it was anticipated that 
treatment strategies might evolve over the duration of the study. Accordingly, 
PCI strategy may include balloon angioplasty, stents, atherectomy, adjunctive 
pharmacologic support (for example, glycoprotein Ilb/IIIa receptor blocker), 
and/or adjunctive mechanical support (e.g., intraaortic balloon pumping) that 
the individual operator deems most suitable. Similarly, choices of conduits, 
cardioplegia, access for CABG (sternotomy versus thoracotomy), off pump 
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1,681 

Randomization and stratification process. 

versus full cardiopulmonary bypass, are at the discretion of the individual 
surgeons. 

Data Collection and Follow-up 

The nurse research assistant records the same baseline data for randomized 
and registry patients. These data include demographics, criteria for unstable 
angina and medical refractoriness, clinical risk factors, angiographic data, and 
comorbidity data. 

Randomized patients are followed every 6 months for survival, repeat revas
cularization procedures, and cardiac symptoms. Quality of life is assessed at 
6 months. Registry patients are also followed at 6-month intervals. Data are 
also collected for any coronary artery disease-related clinic visit. 

Survival data are obtained from the follow-up data collected by the study 
nurses and from the Beneficiary Identification and Records Locator Subsystem 
(BIRLS), which is a VA database of veterans who received any VA benefits, 
including death benefits. 
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Outcome Variables 

The primary outcome variable is all-cause mortality. Additional secondary 
outcome variables include repeat revascularization, repeat hospitalization for 
cardiac symptoms, angina, and quality of life (SF 36 health survey ques
tionnaire). 

Automated Data Management 

An automated interactive data management system was developed for the 
data collection and data management [33]. As data are entered, using a laptop 
computer, the system software checks the data and allows for interactive edit
ing. These data are transmitted by modem to the Coordinating Center every 
other week where they are entered into a cumulative database that is immedi
ately available for data summarization. The laptop at each site also contains a 
cumulative database for that site. Consequently, the site database and the 
database at the Coordinating Center are identical at the end of each transmis
sion. The Coordinating Center is always current with the study progress and 
is able to detect and solve problems at an early stage. 

Sample Size, Power Considerations, and Statistical Analysis 

Sample size and power calculations were based on data collected by the VA 
Cardiac Surgical Risk Assessment Program to assess preoperative surgical risk 
and surgery outcome [30]. As part of this program, all VA cardiac surgical 
centers are required to record preoperative risk factors, intraoperative data, and 
30-day postoperative morbidity and mortality data on each patient undergoing 
cardiac surgery. This database was used to select 2570 medically refractory, 
unstable rest angina patients with at least one of the high-risk factors required 
to be eligible for this study who underwent CABG surgery between April 1, 
1987, and December 31, 1988. Patient records were matched with VA death 
records recorded in the BIRLS database to obtain survival information. Survival 
for these high-risk patients was 94% to 1 month, 90% to 6 months, 82% to 3 
years, and 76% to 5 years postsurgery with a constant aimual survival after 6 
months of 96.3%. 

The initial design based on these CABG data specified a 5-year study of 700 
patients to be randomized over a 4-year period plus an additional year of 
follow-up, for an average of 3 years of follow-up. This design has power of at 
least 80% to detect an annual survival difference between CABG and PCI of 
± 3.3% using a two-tailed test with type I error of 5%. This is equivalent to a 
3-year CABG versus PCI survival difference of ± 7% (82% versus 75%). 

The final analysis will compare the long-term survival of the CABG and 
PCI randomized patients. In addition, the survival free from unstable angina 
and survival free of repeat revascularizations will be compared for the two 
treatment groups. Survival will be estimated by the Kaplan-Meier method and 
annual survival after 6 months will be estimated by the maximum likelihood 
method. Similar analyses will be performed for the entire registry and for the 
registry patients accepted by both physicians who refused randomization. The 
Greenwood method will be used to obtain estimates of the survival standard 
errors for 1-, 6-, and 36-month survival. 
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Table 1 Therapy Selected for 1681 High-Risk Nonrandomized Patients 
During Index Hospitalization 

High-risk subset Number CABG 

Initial Therapy 

PCI Medical 

Age ss 70 821 30% 52% 18% 
Age > 70 860 45% 36% 19% 
No prior CABG 957 46% 34% 20% 
Prior CABG 724 25% 61% 14% 
No MI < 7 days 1141 40% 42% 18% 
MI < 7 days 540 36% 49% 15% 
LVEF & 0.35 1376 38% 44% 18% 
LVEF < 0.35 305 39% 44% 17% 
All nonrandomized 

patients 1681 38% 44% 18% 

Abbreviations: CABG = coronary artery bypass graft surgery; PCI = percutaneous coronary 
intervention; MI = myocardial infarction; LVEF = left ventricular ejection fraction; lABP = 
intraaortic balloon pump. 

To investigate whether changes in PCI and CABG techniques have affected 
the results of the trial, treatment effects will be compared between different 
periods of the trial. If sample sizes are large enough, treatment effects between 
specific PCI and CABG techniques will also be compared. These are considered 
to be secondary analyses. 

RESULTS 

Patient Accrual 

After 42 months the participating sites have screened 17,624 patients and 
identified 2022 who met all three clinical entry requirements (i.e., medically 
refractory unstable angina with at least one additional high-risk factor). Of 
these eligible patients, 341 were randomized and the remaining 1681 were 
enrolled in the registry (Figure 1). The acceptance rates of eligible patients by 
cardiologists is 58% (1177/2022), by surgeons is 57% (1143/2022) and by both 
is 29% (585/2022). Patient consent is 58% (341/585). 

Initial Therapy Assigned to High-Rlsk Registry Patients 

Table 1 lists the frequency with which CABG, PCI, or medication was chosen 
as the initial therapy for the registry patients, according to patient's age, prior 
CABG status, prior MI, LVEF, and LABP status. Overall, PCI was favored over 
CABG by a moderate ratio of 1.16 (44% versus 38%) and this ratio differs 
significantly from unity (chi-square = 7.4, p < 0.01). Within risk categories, CABG 
was preferred to PCI for older patients and for patients without a prior 
CABG. PCI was preferred to CABG for younger patients, patients with a prior 
CABG and patients with MI < 7 days prior to enrollment. 
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Table 2 Randomized and Registry Patients: Baseline Clinical Characteristics 

Randomized Registry All 

Patients No. 341 1681 2022 
Average age Years 67 67 67 
Age > 70 % 50 51 51 
Prior CABG % 30 44 41 
MI < 7 day o/ /o 33 32 32 
LVEF < 0.35 0/ /o 22 18 19 
lABP o/ /o 2 6 5 
Canadian class 3/4 o/ /o 78 78 78 
NYHA 3/4 0/ /o 64 67 67 
Hypertension o/ /o 67 65 65 
Average systolic BP mm Hg 127 128 128 
Average diastolic BP mm Hg 71 70 70 
Smoker % 35 32 32 
Diabetes % 31 32 32 
Stroke % 14 12 12 
CA blocker % 34 37 37 
Beta-blocker 0/ /o 76 77 77 
rV heparin % 85 83 84 
Aspirin % 95 95 95 
Average height Inches 69 69 69 
Average weight Pounds 190 190 190 

Abbreviations: BP = blood pressure; prior CABG = prior coronary artery bypass graft surgery; 
MI< 7 day = myocardial infarction within 7 days; LVEF < 0.35 = left ventricular ejection fraction < 
0,35; lABP = intraaortic balloon pump; Canadian class 3/4 = Canadian Cardiovascular Angina 
class 3 or 4; NYHA 3/4 = New York Heart Association Heart Failure class 3 or 4. 

Exclusions from the Registry and Randomized Trial 

Of the total 17,624 screened patients, 89% (15,602) were excluded: 33% of 
all screened patients did not meet the unstable angina criteria, 28% of all 
screened patients did not meet criteria for medically refractory, and 77% of aU 
screened patients did not meet high-risk criteria. 

Randomized and Registry Baseline Comparisons 

Table 2 presents baseline demographic variables, risk factor frequencies, and 
medication usage for the randomized and registry patients. The two groups 
have similar profiles except for prior CABG. Among randomized patients, 
30% have had prior CABG compared to 44% in the registry. The risk factor 
frequencies in Table 2 attest to the high-risk makeup of the patients who are 
enrolled in the AWESOME study: 50% are >70 years old, 40% present with 
prior CABG, and 33% are within 7 days of MI. 

Institutional Variation in CABG and PCI Strategy 

Table 3 presents CABG strategies for the participating Veterans Affairs Medi
cal Centers (VAMCs). Mean distal anastomoses performed varied between 2.0 
and 3.9 with an average of 2.9. Left internal thoracic artery use varied between 



Table 3 CABG Strategies by VA Medical Center (Randomized and Registry Patients)" 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 All 

Total surgery No. 53 71 172 61 82 21 20 25 53 46 45 45 58 16 768 
Distal anastomoses 

planned Mean 3.9 3.5 3.0 3.3 3.1 1.4 3.0 2.6 2.8 2.1 3.0 0.7 2.7 3.3 2.9 
Distal anastomoses 

performed Mean 3.9 3.7 2.9 3.2 3.1 2.0 3.0 2.5 2.6 2.0 3.0 2.2 2.8 3.3 2.9 
LIMA % 74 80 71 98 73 62 80 20 62 61 80 31 69 44 69 
RIMA % 9 0 6 2 0 5 0 0 0 4 0 2 0 0 3 

Abbreviations: LIMA = left internal mammary artery; RIMA 

'Two sites were added after these data were collected. 

= right internal mammary artery. 
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20% and 98% with an average of 69%. The right internal mammary artery was 
seldom used. 

Table 4 presents PCI strategies for the participating VAMCs. Use of balloon 
angioplasty alone varied between 0% and 68% with an average of 50%. Stent 
use varied between 5% and 69% with an average of 48%. Rotablators were 
seldom used, except at one center. 

Time Trends in LIMA and Stent Usage 

Table 5 presents left interrtal mammary artery (LIMA), right internal mam
mary artery (RIMA), and stent tisage by 6-month time periods. LIMA has seen 
a slight increase in use from 57% in 1995 to 75% in 1998. Use of stents has 
increased markedly, from 26% in 1995 to 77% in 1998. 

Randomized and Registry Survival 

The 36-month survival of the randomized cohort and the registry cohort are 
similar (82% and 81%, respectively). These figures compare favorably to the 
82%, 3-year survival assumed in the sample size calculations in the original 
study protocol. Randomized and registry patients who survive to 6 months 
have average annual survival rates of 95% and 96%, respectively, from month 
6 to month 36. 

DISCUSSION 

A Cardiac Revascularization Randomized Trial for High-Risk Patients 

In the design and conduct of randomized trials, every study begins by 
screening large numbers of patients to identify the subset that meets predefined 
entry criteria. In the majority of studies those patients who are included (often 
on the order of 5% to 10% of those screened) are at the low-risk end and high-
risk patients are excluded [4-9, 18-25]. By contrast, the AWESOME trial was 
designed to include patients only if they meet a series of criteria (unstable 
angina pectoris, medically refractory, high risk for adverse outcomes with 
revascularization) which puts them at increased risk of adverse outcomes [26]. 
The logic for this approach is based upon several observations: 

1. "The revascularization paradox": every medical versus surgical revascu
larization trial has suggested that patients at highest risk of adverse out
comes have the most to gain from surgical revascularization (left main 
disease, three vessel disease, impaired left ventricular function, unstable 
ischemia) [3-9]. 

2. Demographic data demonstrate that the population surgeons and inter
ventionists will be treating in the future will include higher proportions 
of elderly, high-risk patients [15-17]. 

Accordingly, a randomized controlled trial of CABG versus PCI among high-
risk patients is likely to provide new and useful information. 



Table 4 PCI Strategies by VA Medical Center (Randomized and Registry Patients)" 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 All 

Total 
procedures No. 46 49 68 124 235 32 53 28 74 22 35 22 . 50 23 861 

POBA % 46 51 54 32 38 25 36 32 49 0 46 68 64 43 50 
Complete % 24 31 15 23 24 72 53 68 3 5 3 36 68 39 28 
Stents % 50 51 21 38 62 69 60 61 49 5 49 18 32 57 48 
Rotablator % 2 6 0 8 3 31 0 4 1 0 0 0 2 4 4 
Support 

devices % 13 41 7 29 37 47 6 18 18 0 6 9 14 9 23 

Abbreviations: POBA = plain old balloon angioplasty without adjunctive device; Complete = revascularization of all major coronary arteries that have a >70% stenosis. 

"Two sites were added after these data were collected. 
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Table 5 Time Trends for GABG and PCI Strategies 

Strategy 1995 1996 1997 1998 All 

CABG 
LIMA % 57 69 75 75 70 
RIMA % 1 2 4 6 3 

PCI 
Complete 0/ /o 23 32 31 23 28 
Stents o/ /o 26 , 53 65 77 50 

Abbreviations: LIMA = left internal mammary artery; RIMA = right internal mammary artery; 
CABG = coronary artery bypass graft surgery; PCI = percutaneous coronary intervention; Com
plete = revascularization of all major coronary arteries that have a >70% stenosis. 

High-Risk Factors for Both CABG and PCI, for CABG Only or for PCI Only 

Patients over 70 years of age, with severe left ventricular dysfunction, hemo
dynamic instability, and refractory ischemia at rest are at high risk of adverse 
outcomes for both CABG surgery [3, 34-45] or PCI [2, 26]. Patients with prior 
CABG surgery may be at a higher risk with reoperation [34-45] than with PCI, 
unless the only conduits available for PCI are old degenerated vein grafts or 
chronic total occlusion [26]. Conversely, patients with unprotected left main 
stenoses or chronic total occlusions maybe at a higher risk with PCI [26]. Acute 
MI patients who are hemodynamically compromised form another particularly 
difficult cohort to randomize [47]. Accordingly, there are many patients who 
wiU not be randomized. Recognizing and pointing out that overall survival in 
the registry and randomized cohorts are the same has increased the willingness 
of physicians to consider randomization of some high-risk patients. 

Comparison to Other Revascularization Randomized Trials and Registries 

The Thorax Center Group was the first to attempt to define medical refractori
ness in their single-center reviews of PCI for vmstable angina [31, 32]. To our 
knowledge, AWESOME is the first randomized trial to incorporate a definition 
of "medically refractory" into eligibility criteria. Current medical versus PCI 
[18-20] and PCI versus CABG [21-25, 46] trials have defined therapy but 
have not mandated medical refractoriness as a condition for revascularization. 
Platelet glycoprotein lib/Ilia receptor blockers were not available when this 
study was planned, and thus were not a part of the refractory criteria. However, 
b6cause this is a strategy study, patients are permitted to be on these drugs 
before, during, or after randomization. Given the randomized trial data that 
have become available, use of stents and glycoprotein lib/Ilia receptor blockers 
have increased in the PCI cohorts of aU centers. 

The very elderly have been excluded from most revascularization trials prior 
to the current era of PCI versus CABG surgery trials [21-25]. Reoperation, 
severe ventricular dysfunction, intraaortic balloon pump (lABP) required to 
stabilize, unfavorable anatomy, and clinically significant comorbidity have been 
systematic exclusions in most revascularization randomized trials [4-9,18-25]. 
In contrast, AWESOME uses LVEF < 0.35, prior CABG and intraaortic balloon 
pump needed to stabilize as specific inclusions and encourages its investigators 
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to include'patients w^ith unfavorable anatomy and clinically significant comor

bidity. 

Strategy Study 

Every randomized clinical trial is a compromise between scientific purity 

and clinical practicality. Although both CABG and PCI are relatively mature 

techniques, both continue to evolve rapidly. Accordingly, a study of either 

which mandates specific techniques and accrues over more than 1 or 2 years 

risks being out of date by the time it is finished. For example, neither stents 

nor platelet glycoprotein lib/Ilia receptor blockers were approved by the Food 

and Drug Administration when AWESOME was being planned. Had we man

dated against their use, by 1998 none of our investigators would enroll patients 

in a trial against CABG and most reviewers and editors would regard AWE

SOME as out of date by the time accrual ends in 2000. This strategy approach, 

however, creates challenges for the data analysis. The primary analysis will 

include all patients randomized into the CABG or PCI groups. Secondary 

analyses will look at trends in the treatment effect over time and for comparison 

of specific PCI and CABG techniques. 

The Benefit of the Registry 

It is estimated that the registry will contain about four times the number of 

patients as will be in the randomized trial. The registry consists of patients 

who are very similar to the randomized group—they have medically refractory 

imstable angina with at least one high-risk factor, and they have clinical charac

teristics that are very similar to those of the randomized patients (Table 2), 

with the exception of having prior CABG. The differences between the two 

groups are related to acceptance by the surgeon and/or interventionalist and/ 

or patient to have randomization occur. The vast majority of registry patients 

(about 85%) do receive revascularization, but this is done outside of the random

ization process. 

It will be useful to compare the outcomes of the randomized to the registry 

patients for those who receive CABG and for those who receive PCI, and to 

compare the CABG to the PCI patients in the registry to gain insight into the 

generalizability of the randomized trial. Similar results in the randomized trial 

and registry with respect to CABG versus PCI comparisons would bolster 

confidence in the randomized trial results. Some secondary analyses might 

even be attempted combining randomized and registry patients who are simi

larly treated (i.e., with CABG or PCI) to investigate CABG versus PCI differences 

in subgroups (e.g., subgroups defined by the high-risk factors, time periods of 

the trial, or by the different CABG or PCI techniques). The study's Data Monitor

ing Board has been particularly interested In the use of the registry patients 

for whom the surgeon and interventionalist accepted randomization but the 

patient did not. They believe that this subset of the registry is closest in charac

teristics to the randomized patients. 
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Accrual Problems and Course Corrections 

As in many clinical trials, achieving the target number of randomized pa

tients has been a major problem in the AWESOME trial. The trial was originally 

designed for a 4-year patient intake period and 1 additional year of patient 

follow-up (5-year total study duration). Data from the VA Cardiac Surgical 

Risk Assessment Program were used to estimate that 2300 patients with unsta

ble angina and at least one high-risk factor would be available at 13 participating 

VA medical centers over a 4-year intake period. It was further assumed that 

50% of the patients would agree to be randomized, and that 60% of these 
patients would be acceptable to both the surgeon and the interventionalist. 
This would result in a target sample size for the trial of 700 randomized patients 
(1600 patients in the registry), which gave 80% power to detect a 3-year survival 
difference of 82% versus 75%. 

Early in the trial it was clear that the target sample size of 700 randomized 

patients would not be met in 4 years. Inspection of the screening data revealed 

that; (1) the number of screened patients was on target; (2) the patient acceptance 

rate of 58% was higher than the projected rate of 50% in the protocol; but (3) 
the acceptance rate of the patients by the physicians was much lower than 
expected (29% observed versus 60% expected). 

The situation was exacerbated by a relatively high turnover of participating 
investigators. Of the 14 initial sites, by the end of the third year, seven sites 
were on their third interventional or surgical participating investigator. Upper-
level leadership problems have occurred also, with the untimely death of the 
surgical co-principal investigator less than 1 year into accrual. 

The following actions were taken to try to improve the physician acceptance 

rate: (1) site visits, conference calls, and personal calls to the participating 
investigators were made by the co-chairs; (2) hospitals were placed on proba
tion, with three eventually being terminated because of low numbers of ran

domizations; (3) two sites were added; and (4) patients whose randomization 
might be considered controversial were presented and discussed at the annual 
meetings and site visits in an effort to increase investigator flexibility. Patients 
accrued at the discontinued sites are being followed by sites that have continued 
in the study. 

Patient accrual into the trial has improved as a result of these steps. In the 
first 21 months of the accrual period (February 1995 to October 1996), an average 

of 5.95 patients were randomized per month from all 14 hospitals. In the 

following 28 months of accrual (November 1995 to February 1999), this average 
was increased to 9.5 randomized patients per month. 

As with all VA cooperative studies, this study received a midterm review 

by the VA Cooperative Studies Evaluation Committee in October 1997. The 
co-chairs presented a revised design that extended patient intake from 4 years 
to the entire 5 years. Based on the study accrual rate, the extra year of intake 
would provide a sample size of approximately 550 randomized patients. The 
revised plan added a sixth year of survival follow-up by using the BIRLS 
database to achieve an average of 3.5 years of survival follow-up. Conditional 
power calculations were performed that indicated the extra year of follow-up 
would compensate for the reduced sample size and that the original power 

of 80% to detect a 3-year survival difference of ± 7% would apply to the 
revised design. 



High-risk CABG versus PCI 615 

REFERENCES 

1. Gruentzig AR, Sertning A, Siegenthaler WE. Non-operative dilation of coronary-
artery stenosis. Percutaneous coronary intervention. N Engl } Med 1979;301:61-68. 

2. Ryan TJ, Bauman WB, Kennedy JW, et al. Guidelines for Percutaneous coronary 
intervention: A Report of the American College of Cardiology/American Heart 
Association Task Force on Assessment of Diagnostic and Therapeutic Cardiovascular 
Procedures (Committee on Percutaneous coronary intervention). J Am Coll Cardiol 
1993;22:2033-2054. 

3. Kirklin JW, Akins CW, Blackstone EH. ACC/AHA Task Force Report. Guidelines 
and indications for coronary artery bypass graft surgery. / Am Coll Cardiol 
1991;17:543-589. 

4. Veterans Administration Coronary Artery Bypass Surgery Cooperative Study 
Group. Eleven-year survival in the Veterans Administration randomized trial of 
coronary bypass surgery for stable angina. N Engl ] Med 1984;311:1333-1339. 

5. Vamauskas E and the European Coronary Surgery Study Group. Twelve-year fol
low-up of survival in the randomized European Coronary Surgery Study. N Engl 
J Med 1988;319:332-337. 

6. Alderman EL, Bourassa MG, Cohen LS, et al. Ten-year follow-up of survival and 
myocardial infarction in the randomized Coronary Artery Surgery Study. Circulation 
1990;82:1629-1646. 

7. Luchi RJ, Scott SM, Deupree RH, and the Principal Investigators arid their Associates 
of Veterans Administration Cooperative Study No 28. Comparison of medical and 
surgical treatment for unstable angina pectoris. N Engl J Med 1987;316:977-984. 

8. Scott SM, Luchi RJ, Deupree RH, and the Veterans Administration Unstable Angina 
Cooperative Study Group. Veterans' Administration Cooperative Study for Treat
ment of Patients with Unstable Angina: results in patients with abnormal left ventric
ular function. Circulation 1988;78:(Suppl I):I113-I121. 

9. Russell RO, Moraski RE, Kouchoukos N, et al. Unstable angina pectoris. National 
Cooperative Study Group to Compare Medical and Surgical Therapy I. Report of 
protocol and patient population. Am } Cardiol 1976;37:896-902. 

10. Ritchie JL, Phillips KA, Luft HS. Coronary angioplasty statewide experience in 
California. Circulation 1993;88:2735-2743. 

11. Mark DB, Nelson CL, Califf RM, et al. The continuing evolution of therapy for 
coronary artery disease. Initial results from the era of coronary angioplasty. Circula
tion 1994;89:2015-2025. 

12. Hartz JA, Kuhn EM, Pryor DB, et al. Mortality after coronary angioplasty and 
coronary artery bypass surgery (the national medicare experience) Am } Cardiol 
1992;70:179-185. 

13. Pilote L, Miller DP, Califf RM, et al. Determinants of the Use of Coronary Angiogra
phy and Revascularization After Thrombolysis for Acute Myocardial Infarction. N 
Engl J Med 1996;335:1198-1205. 

14. Topol EJ, Ellis SG, Cosgrone DM, et al. Analysis of Coronary Angioplasty Practice in 
the United States with An Insurance Claims Data Base. Circulation 1993;87:1489-1497. 

15. Edwards FH, Clark RE, Schwartz M. Coronary artery bypass grafting. The Society 
of Thoracic Surgeons National Database experience. Ann Thorac Surg 1994;57:12-19. 

16. Clark RE. The Society of Thoracic Surgeons National Database status report. Ann 
Thorac Surg 1994;57:20-26. 

17. Peterson ED, Jollis JG, Bebchuck JD, et al. Changes in mortality after myocardial 
revascularization in the elderly. The national Medicare experiences. Ann Intern 
Med 1994;121:919-927. 

18. Parisi AF, Folland ED, Hartigan P on behalf of the Veterans Affairs ACME Investiga
tors. A Comparison of Angioplasty with Medical Therapy in the Treatment of Single 
Vessel Coronary Artery Disease. N Engl J Med 1992;326:10-16. 



D.A. Morrison, et al. 

19. Folland ED, Parisi AF, Hartigan P on behalf of the Veterans Affairs ACME Investiga
tors. Percutaneous coronary intervention (PCI) compared to medical therapy for 
stable angina pectoris. Outcomes for patients with double vessel compared to single 
vessel coronary disease in a VA Cooperative randomized trial. / Am Coll Cardio 
1997;29;1505-1511. 

20. RITA 2. Trial Participants: Coronary angioplasty versus medical therapy for angina. 
The second Randomized Intervention Treatment of Angina (RITA-2) trial. Lancet 
1997;350;461-468. 

21. RITA. Trial Participants; Coronary angioplasty versus coronary artery bypass sur
gery. The Randomized Intervention Treatment of Angina (RITA) trial. Lancet 
1993;341;573-580. 

22. King SB III, Lembo NJ, Weintraub WS, et al. for the Emory Angioplasty versus 
Surgery Trial (EAST). A randomized trial comparing coronary angioplasty with 
coronary bypass surgery. N Engl J Med 1994;331;1044-1050. 

23. Hamm Christian W, Reimers J, Ischinger T, et al. for the German Angioplasty Bypass 
Surgery Investigation. A randomized study of coronary angioplasty compared with 
bypass surgery in patients with symptomatic multivessel coronary disease. N Engl 
] Med 1994;331:1037-1043. 

24. BARI. The Bypass Angioplasty Revascularization (BARI) Investigations: Compari
son of Coronary Bypass Surgery with Angioplasty in Patients with Multivessel 
Disease. N Engl J Med 1996;335:217-225. 

25. CABRI. Trial Participants: Five Year Results of CABRI (Coronary Angioplasty vs 
Bjqsass Revascularization Investigation). Lancet 1995;346:1179-1184. 

26. Block PC, Peterson EC, Krone R, et al. Identification of variables needed to risk 
adjust outcomes of coronary interventions evidence-based guidelines for efficient 
data collection. } Am Coll Cardiol 1998;32:275-282. 

27. Morrison DA, Barbiere CC, Johnson R, et al. Salvage angioplasty. An alternative to 
high-risk surgery for unstable angina. Cathet Cardiovasc Diagn 1992;27:169-178. 

28. Feldman RL, Carmichael M, Domingo M, et al. Coronary angioplasty in patients 
who were considered poor bypass surgery candidates. / Invas Cardiol 1991;3:170-174. 

29. Morrison DA, Sacks J, Grover FL, Hammermeister KE. Effectiveness of percutaneous 
coronary intervention for patients with medically refractory rest angina pectoris 
and high-risk of adverse outcomes with coronary artery bypass grafting. Am J 
Cardiol 1995;75:237-240. 

30. Grover FL, Johnson RR, Marshall G, Hammermeister KE, and Department of Veter
ans Affairs cardiac surgeons. Factors predictive of operative mortality among coro
nary artery bypass subsets. Ann Thorac Surg 1993;56:1296-1307. 

31. deFeyter PJ, Serruys PW, van den Brand M, et al. Emergency coronary angioplasty 
in refractory unstable angina. N Engl} Med 1985;313;342-346. 

32. Brand M, Hugenholtz PG. Coronary angioplasty for unstable angina - immediate 
and late results in 200 consecutive patients with identification of risk factors for 
unfavorable early and late outcome. / Am Coll Cardiol 1988;12:324-333. 

33. Moritz TE, Ellis NK, VillaNueva CB, et al. Development of an Interactive Data Base 
Management System for Capturing Large Volumes of Data. Med Care Supplement 
1995;33:0si02-0si06. 

34. Jones RH, Hannan EL, Hammermeister KE, et al. Identification of Preoperative 
Variables Needed for Risk Adjustment of Short Term Mortality after Coronary 
Artery Bypass Graft Surgery. J Am Coll Cardiol 1996;28:1478-1787. 

35. Daley J. Criteria by which to evaluate risk-adjusted outcomes program in cardiac 
surgery. Ann Thorac Surg 1994;58:1827-1835. 

36. Clark RE. Definitions of terms of the Society of Thoracic Surgeons National Cardiac 
Surgery Database. Ann Thorac Surg 1994;58:271-273. 



High-risk CABG versus PCI 617 

37. Clark RE, Edwards FH, Schwartz M. Profile of preoperative characteristics of patients 
haviag CABG over the past decade. Am Thorac Surg 1994;58:1863-1865. 

38. Harman EL, BCilbum H Jr, O'Donnel Lukacik G, Shields EP. Adult open heart 
surgery in New York State. An analysis of risk factors and hospital mortality rates. 
JAMA 1990;264:2768-2774. 

39. Harman EL, Kumar D, Racz M, Siu AL, Chassin MR. New York State's cardiac 
surgery reporting system, four years later. Ann Thorac Surg 1994;58:1852-1857. 

40. Hannan EL, Kilbum H Jr, Racz M, Shields E, Chassin MR. Improving the outcomes 
pf coronary artery bypeiss surgery in New York State. JAMA 1994;271;761-766. 

41. Hannan EL, Siu AL, Kumar D, Kilbum H Jr, Chassin MR. The decline in coronary 
artery bypass graft surgery mortality in New York State. JAMA 1995;273:209-213. 

42. Smith LR, Harrell FE Jr, Rankin JS, et al. Determinants of early vs late cardiac death 
in patients undergoing coronary artery bypass surgery. Circulation 1991;84(Suppl 
ffl);245-253. 

43. Jones RH, Kesler K, Phillips HR III, et al. Long-term survival benefits of coronary 
artery bypass grafting and percutaneous transluminal angioplasty in patients with 
coronary artery disease. / Thorac Cardiovasc Surg 1996;111:1013-1025. 

44. O'Connor GT, Plume SK, Olmstead EM, et al. Multivariate prediction of in-hospital 
mortality associated with coronary artery bypass graft surgery. Circulation 
1992;85:2110-2118. 

45. O'Cormor GT, Morton JR, Diehl MJ, et al. Differences between men and women in 
hospital mortality associated with coronary artery bypass graft surgery. Circulation 
1993;88(Pt 1):2104-2110. 

46. Grines CL, Browne KF, Marco J, et al, for the Primary Angioplasty in Myocardial 
Infarction Study Group. A Comparison of Immediate Angioplasty with Thrombo
lytic Therapy for Acute Myocardial Infarction. N Engl J Med 1993;328:673-679. 

47. ACC/AHA Practice Guidelines. ACC/AHA Guidelines for the Management of 
Patients with Acute Myocardial Infarction. / Am Coll Cardiol 1996;28:1328-1428. 

APPENDIX 

Participants in Veterans Affairs Cooperative Study #385 Angina With Ex
tremely Serious Operative Mortality Evaluation (AWESOME). Participating 
investigators and research nurses: 

Alburquerque, NM 

Sarah Vernon, MD, Stuart Pett, MD, Jeannie CoUatz, RN 

Ann Arbor, MI 

Mauro Moscucci, MD, Marvin Kirsh, MD, Anita Bargardi, RN 

Asheville, NC 

Vladimer Curkovic, MD, John C. Lucke, MD, Valerie Allen, RN 

Dallas, TX 

Eric Eichhom, MD, Michael Jessen, MD, Annie John, RN 

Denver, CO 

Douglass Morrison, MD, Fred Grover, MD, Nancy Thorbs, RN 



145 

618 D.A. Morrison, et al. 

Durham, NC 

Mitchell Krucoff, MD, Francis Dxihaylongsod, MD, Suzanne Crater, RN 

Lexington, KY 

Dave Booth, MD, M. Clive Robinson, MD, Lynne Shockey, RN 

Little Rock, AR 

J. David Talley, MD, Tamim Antckli, MD, Rebecca Pacheco, RN 

Memphis, TN 

K.B. Ramanathan, MD, Darryl Weiman, MD, Zoe Quails, RN 

Minneapolis, MN 

Kenneth Weir, MD, Herbert Ward, MD, Bridget Wennerstrom, RN 

New York, NY 

Steven Sedlis, MD, Rick Esposito, MD, Mary Keary, RN 

Portland, OR 

Edward Murphy, MD, Harkness Floten, MD, Kathy Avalos, MA 

San Antonio, TX 

Stephan Kiesz, MD, LaWayne Miller, MD, Julia Sepeda, RN 

Tucson, AZ 

Thomas Raya, MD, Gulshan Sethi, MD, Gayle Murad, RN 

W Los Angeles, CA 

Jaime A Altamirano, MD, Fardad Esmailian, MD, Dominique LaPage, RN 

West Roxbury, MA 

Michael Gibson, MD, Vladimir Birjiniuk, MD, Diane Lapsley, RN 

Executive Committee 

Douglass Morrison, MD, Gulshan Sethi, MD, Jerome Sacks, PhD, H. Daniel 

Lewis, MD, J. David Talley, MD, Edward D. Folland, MD, Fred Grover, MD, 



146 

High-risk CABG versus PCI 619 

David Holmes, Jr., MD, Steven Sedlis, MD, Rick Esposito, MD, William G. 

Henderson, MD 

General Consultants 

Eugene Braunwald, MD, John W. Kirklin, MD 

Data Monitoring Board 

Cindy L. Grines, MD, Spencer B. King, 111, MD, Chair, Sidney Levitsky, MD, 

Bruce Whitney Lytle, MD, Daniel Seigel, ScD 

Chair's Office 

Charles Barbiere, RN, RCIS 

Hines VA Cooperative Studies Program Coordinating Center 

William G. Henderson, PhD, Director; Jerome Sacks, PhD, Study Biostatisti-

cian; Raslan Othman, MS, Ken Bukowski, Study Programmers; Sheldena Heard, 
Study Coordinator. 

Department of Veterans Affairs Headquarters 

John Feussner, MD, Chief Research and Development Officer; Ping Huang, 

PhD, Staff Assistant; Joe Gough, MA, Program Manager. 

DEDICATION 

This trial is dedicated to the memory of Stewart Scott, MD, principal investigator of the VA Cooperative 
medical versus surgical trial in unstable angina [7,8] and the surgical principal investigator of AWESOME 
through its planning and initiation stages. He died in January 1996. 



Journal of the American College of Cardiology 
€> 2001 by the American College of Carcliol<^ 
Published by Elsevier Science Inc. 

VoL 38, No. 1» 2001 
ISSN 0735-1097/01/120.00 
PU 30735-1097(01)01366-3 

Interventional Cardiology 

Percutaneous Coronary Intervention 
Versus Coronary Artery Bypass Graft Surgery 
for Patients With Medically Refractory 
Myocardial Ischemia and Elisk Factors for Adverse 
Outcomes Widi Bypass: A Multicenter, Randomized Trial 
Douglass A. Morrison, MD, FACC,* Gulshan Sethi, MD, FACC,* Jerome Sacks, PHD,t 
William Henderson, RlD,t Frederick Grover, MD, FACC,:|: Steven Sedlis, MD, FACC,§ 
Rick Esposito, RiD,§ Kodangudi Ramanathan, MD, FACC,|| Darryl Weiman, MD,|| Jorge Saucedo, MD,^ 
Tamim Antaldi, MD,f Venla Paramesh, MD,* Stuart Pett, MD,# Sarah Vernon, MD, FACC,# 
Vladimir Birjiniuk, MD,**, Frederick Welt, MD,** Mitchell Krucoff, MD, FACC,ft 
Walter Wolfe, MD, FACQtt John C. Lucke, MD,** Sundeep Mediratta, MD,# 
David Booth, MD, FACC,§§ Charles Barbiere, CCRlSt,* Daniel Lewis, MD, FACC,|| || for the Investigators 
of the Department of Veterans Affairs Cooperative Study #385, the Angina With Extremely Serious 
Operative Mortality Evaluation (AWESOME) 
Tucson, Arizona; Denver, Colorado; New York, New York; Memphis, Tennessee; Little Rock, Arkansas; 
Albuquerque, New Mexico; West Roxbury, Massachusetts; Durham and Asheville, North Carolina; Lexington, 
Kentucky; and Kansas City, Missouri 

BACKGROUND Percutaneous coronaiy intervention (PCI) and coronary artery b)pass graft surgeiy (CABG) 
are being applied to high-risk populations, but previous randomized trials comparing 
revasculadzation methods have excluded a number of important high-risk groups. 
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survival among patients with medically refractory myocardial ischemia and a high risk of 
adverse outcomes assigned to either a CABG or a PCI strategy, which could include stents. 

METHODS Patients from 16 Veterans A^irs Medical Centers were screened to identify myocardial 
ischemia refractory to medical management and the presence of one or more risk fectors for 
adverse outcome with CABG, including prior open-heart su^eiy, age >70 years, left 
ventricular ejection fraction <0.35, myocardial infarction within seven days or intraaortic 
balloon pump required. Clinically eligible patients (n = 2,431) underwent coronary 
angiography; 781 were angiographically acceptable; 454 (58% of eligible) patients consented 
to random assignment between CABG and PCI. 

RESULTS A total of232 patients was randomized to CABG and 222 to PCI. The 30-day survivals for 
CABG and PCI were 95% and 97%, respectively. Survival rates for CABG and PCI were 
90% versus 94% at six months and 79% versus 80% at 36 months (log-rank test, p = 0.46). 

CONCLUSIONS Percutaneous coronaiy intervention is an alternative to CABG for patients with medically 
refractory myocardial ischemia and a high risk of adverse outcomes with CABG. (J Am Coll 
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Coronary artery bypass graft (CABG) surgery is associated 
with relief of symptoms and enhanced survival relative to 
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medical therapy in selected patients with coronary artery 
disease (CAD) (1-10). Percutaneous coronaiy intervention 
([PCI] can include stents or atherectomy, in addition to 
balloon angioplasty) is associated with relief of symptoms 
relative to medical therapy in selected patients (11-14). 
Direct comparison of PCI versus CABG suggests that long-
term survival is comparable, albeit with more frequent repeat 
revascularization, among patients randomized to PCI (15-
24). In some cases, better symptom relief has been observed 
among patients randomly assigned to CABG (15-24). 

All previous randomized comparisons of PCI with 
CABG have excluded patients with prior heart surgery, 
on-going or very recent myocardial infarction (MI) and 
severe left ventricular dysfunction, defined as left ventricular 
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LVEF => left ventricular ejection fraction 
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VA = United States Department of Veterans 
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ejection fraction (LVEF) <0.35 (15-24). No previous 
revascularization trial has specified medically refractory 
ischemia as an inclusion criterion (1—24). The nine reported 
randomized comparisons of PCI with CABG did not 
include the use of either stents or glycoprotein Ilb/IIIa 
receptor-blocker drugs, both of which are currently com
monly used with PCI (15-24). 

Although it is difficult to define simple criteria for 
medically refractory ischemia that apply to diverse popula
tions, it is clear that there are patients for whom medical 
therapy fails to control their symptoms (25). Similarly, there 
are patients with medicalfy refi:actoiy ischemia who ate turned 
down by surgeons for CABG, based on the perception of 
prohibitively high operative risk (26). In 1988, we began 
offering PCI, without surgical standby, to select patients with 
medically refractory ischemia who had been refused CABG 
(27). As experience with "salvage angioplasty^ increased, the 
question was raised whether some patients at increased risk 
of adverse outcomes with CABG might be better served 
with PCI, even though CABG remained an option (28). 

We proposed a clinical trial to compare the long-term 
survival of patients with medically refractory unstable isch
emia and a high risk of adverse outcome with CABG, 
randomly allocated between a CABG strategy and a PCI 
strategy (26,28). From the Veterans Affairs (VA) Continu
ous Improvement in Cardiac Surgery Program database, we 
identified five risk factors associated with increased 30-day 
postoperative mortality. The risk factors were: 1) prior heart 
suigeiy; 2) age >70 years; 3) LVEF <0.35; 4) intraaortic 
balloon pump (lABP) before surgery; and 5) MI <7 days 
before CABG (29,30). This paper presents the three-year 
survival results of the randomized clinical trial. 

METHODS 

The Angina With Extremely Serious Operative Mortality 
Evaluation (AWESOME) trial began enrollment in Feb
ruary 1995 and completed enrollment on March 31, 2000. 
Over the five-year period, 16 VA Medical Centers partici
pated, with 11 sites enrolling throughout the entire period 
and five sites enrolling for periods of two to three years. 
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Methodological issues have been presented in a design 
manuscript published by the Society for Clinical Trials (28). 
Patient screening and accrual. Patient screening took 
place in a five-step process (28). The first three steps 
consisted of identifyij^ cUnically eUgible patients who had 
medically refractory myocardial ischemia and one or more of 
the five risk Actors. Myocardial ischemia was defined as one 
or more of the following: 1) rest angina vrith reversible 
electrocardiographic changes; 2) rest an^na in a patient 
with prior MI or angiographically confirmed CAD; 3) 
recurrent rest angina; 4) test angina widiin seven days of an 
acute MI; or 5) unstable angina that had been stabilized 
medically, with a subsequent positive provocative test for 
ischemia. Medically refractory ischemia was defined as 
ischemia that persisted despite a regimen that included 
aspirin or intravenous heparin and at least one of the 
following: heart rate <60 beats/min and systolic blood 
pressure <120 mm Hg, enough antianginal drug so that 
resting heart rate remains at <70 beats/min or systolic blood 
pressure <150 mm Hg or lABP required to stabilize or 
significant contraindication to both beta-adrenergic block
ing agents and calcium chaimel blocking agents (25,26). 
The definition of medically refractory ischemia had to be 
broad enough to safely include very elderly patients, patients 
with severe degrees of ventricular dysfimction and patients 
with advanced degrees of pulmonary, renal or hepatic comor
bidity (25,26). To be considered a high risk, the patient had 
to have one or more of the five risk fectors associated with 
increased 30-day operative mortality (29,30). 

Specific exclusions from the randomized trial included 
any of the following: single-vessel circumflex disease, un
protected (ungrafted) >50% left main stenosis, no graftable 
or dilatable vessels or comorbidity likely to limit the pa
tient's life to a greater extent than his (her) coronary disease 
or angioplasty within six months. 

Patients who met the three clinical eligibility criteria 
(myocardial ischemia, medically refhictoty, high-risk of 
adverse outcomes with CABG) underwent coronaty an
giography, which was reviewed by both a surgeon and an 
interventional cardiologist. Clinically eligible patients who 
had coronaty anatomy deemed acceptable for random as
signment between revascularization strategies were ap
proached for informed consent to participate in the trial. 

A total of22,662 patients were screened, and 20,231 were 
excluded because th^ did not meet all three clinical 
requirements. Among the screened patients, 7,278 did not 
meet the myocardial ischemia criteria; 5,783 did not meet 
the medically refractoty criteria, and 10,030 did not have at 
least one of the high-risk factors. The sum of these three 
exclusion groups is greater than the 22,662 screened because 
of overlap between exclusion groups. A total of 2,431 
patients met all three criteria and was clinically eligible. 
After coronaty angiography had been reviewed by both 
interventional cardiologist and surgeon, a total of 781 (32%) 
was angiographically acceptable to both operators as candi
dates for random allocation of revascularization method. These 
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patients were approached for informed consent, and 454 (58%) 
consented to a randomized choice of revascularization. 
Studjr details. Randomization was imder the direction of 
the study biostatistician at the Hines VA Cooperative Studies 
Program Coordinating Center. Patients were stratified by 
hospital, age (<70, >70 years) and prior heart surgery (yes, 
no). The co-chairmen and local site investigators were blinded 
fiom the study results throughout the course of the stuc^. 

The primary outconie of the trial was survivaL Death 
records were completed on each patient who died during the 
course of the trial by the research nurse coordinators. 
Patient records were also matched with VA death records 
recorded in the VA Beneficiary Identification and Record 
Locator Subsystem database to check survival information. 
Unstable angina, repeat hospitalization, repeat catheteriza
tion, repeat CABG and repeat PCI were obtained firom the 
follow-up mits and rechecked against the Patient Treat
ment File, an independent hospital discharge database 
maintained by the Department of the VA. As an outcome, 
unstable angina was defined as angina that is either new 
onset, progressive or occurring at rest (25-28). 
Statistical methods. The baseline comparability of the 
cohorts randomized to PCI and CABG is assessed by 
chi-square tests for proportions and Student t tests for 
continuous data. Kaplan-Meier survival estimates were used 
to estimate the primary end point, and the survival estimates 
were used to generate survival plots. The log-rank test 
provided a global statistical significance test for the CABG 
and PCI survival plots. The secondary end points of 
combined survival and freedom from unstable angina and 
combined survival and fireedom from unstable angina and 
repeat revascularization were evaluated by comparing 
Kaplan-Meier plots and log-rank tests. All analyses ate based 
on cohorts specified by the intention-to-treat principle. 

Sample size and power calculations were discussed in the 
methods manuscript (28). All sample size calculations were 
two-sided. The final sample size has a power of 80% to 
detect a 9% survival difference at 36 months between 
CABG and PCI (82% vs. 73%) based on a two-sided test 
with a type I error of 5%. 

RESULTS 

Baseline comparabilî  of CABG and PCI cohorts. Ta
ble 1 presents selected baseline clinical and angiographic 
variables for the CABG and PCI groups. Coronary artery 
bypass graft sui^ery and PCI profiles are similar for all baseline 
variables except for angiographic thrombus. This single statis
tical^ significant difference among aU the baseline comparisons 
is well within what would be expected by sampling variation. 
CABG and PCI methods. The numbers of distal anasta-
moses performed were relatively stable at 2.9 across the five 
years of the study. The use of arterial conduits increased 
somewhat with average use over the five years. Left internal 
mammary use increased from 57% in 1995 to 78% in 
1999/2000 with an overall rate of 70%. Right internal 
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TaMe 1. Baseline Comparison of CUnical Variables of Patients 
Randomly Assigned to CABG or PCI 

Basefine CABG PCI 

Number of patients 232 222 
Age (yr) 67 67 
Medical therapy 

ASA 88% 88% 
Heparin 64% 61% 
Beta-blocker 76% 76% 
Caldum blocker 36% 27% 

High risk factors 
Age > 70 53% 50% 
Prior CABG 32% 30% 
Myocardial inferction < 7 days 32% 35% 
LVEF < 0.35 23% 18% 
lABP required 2% 2% 
Two or more high risk factors 35% 32% 

Risk Victors 
Hypertension 69% 67% 
Diabetes 34% 29% 
Prior PCI 22% 17% 
Prior myocardial in£u-ction 71% 70% 
Prior stroke 14% 9% 
LVEF 0.44 0.47 

Native coionary disease 
One-vessel CAD 17% 20% 
Two-vessel CAD 33% 40% 
Three-vessel CAD 50% 40% 

Left anterior descending >70% 88% 87% 
Thrombus containing lesbns 11% 21% 
Highest ACC/AHA class 

A 5% 4% 
B 36% 38% 
C 59% 59% 

ACCVAHA = American College of Cardiology/American Heart Association; 
ASA = aspirin; CABG = coronaiy arteiy bypass graiting; CAD = coronaiy aiteiy 
disease; lABP — intra-aortic balloon pump; L\^F = left ventricular qection 
fraction; PCI = percutaneous coronaiy intervention. 

mammary use increased from 1.4% in 1995 to 4.8% in 
1999/2000 with an overall rate of 3.4%, and radial artery use 
increased from 1.4% in 1995 to 4.0% in 1999/2000 with an 
overall rate of 2.8%. 

Table 2. Short-Term Outcomes of Patients Randomly Assigned 
to CABG or PCI 

PCI-CABG 
Difference 

CABG PCI 
(SE) 

Outcomes •>(%) n (%) % (%) 

Randomized 232 (100%) 222 (100%) 
Rcvascularized 227 (98%) 221 (99.5%) 1.5% (1.5%) 
Received CABG 217 (94%) 8 (3.5%) 
Received PCI 12 (5%) 220 (99%) 
Received only CABG 215 (93%) 1 (0.5%) 
Received only PCI 10 (4%) 213 (96%) 
Received CABG and PCI 2(1%) 7(3%) 2% (1.8%) 
Stroke 3(1%) 2(1%) 0% (1.3%) 
Survival 

30 days (95%) (97%) 2% (2.6%) 
6 months (90%) (94%) 4% (2.4%) 

CABG = coronary sutecy bypass graft surgccy, PCI = percutaneous coronary 
intervention; SE = standard error. 
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Table 3. Coronary Arteiy Bypass Graft Surgery and PCI 36-
Month Survival, Survival Free of Unstable Angina and Survival 
Free of Unstable Angina or Repeat Revascularizations 

PCI-CABG SE 
Outcome CABG pa (Dilfetence) (Di&ience) 

Survival 79% 80% 1% 3.7% 
Survival free of unstable 65% 59% -4% 5.5% 

angina 
Survival free of unstable angina 61% 48% -13% 5.0% 

or repeat revascularization 

CABG = coronary artciy bypass graft surgery; PCI = percutaneous coronary 
intervention; SE = standard error. 

Use of stents increased from 26% of cases in 1995 to I 
of cases in 1999/2000 with an overall rate of 54%. Similarly, 
use of glycoprotein Ilb/IIIa receptor blocking agents as 
adjuncts to PCI increased from 1% in 1995 to 52% in 
1999/2000 with an overall rate for the study of 11%. The 
use of intraaortic balloon counter-pulsation decreased from 
21% of PCI cases in 1995 to 10% in 1999/2000. There was 
no use of cardiopulmonary support or heart-lung bypass as 
an adjunct for PCI throughout the course of the study. By 
1998 there was no fiirther use of directional atherectomy. 
Short-term outcomes. Table 2 compares the CABG and 
PCI short-term outcomes. Of the 232 patients randomized 
to receive CABG, 227 (98%) were revascularized; 215 
(93%) received only CABG; 12 (5%) received PCI (two in 
addition to CABG), and 5 (2%) were not revascularized. 
The in-hospital mortality of the CABG cohort was 4% (h = 
8), and the 30-day mortality was 5%. Stroke, renal failure 
requiring dialysis and mediastinitis were each seen in three 
patients (1%). Of the 222 patients randomized to PCI, 221 
(99.5%) were revascularized; 213 (96%) received only PCI; 

8 (3.5%) received CABG (seven after PCI), and one patient 
(0.5%) died before a scheduled PCI. In-hospital mortality in 
the PCI cohort was 1% (n = 2), and the 30-day mortality 
was 3%. Stroke was 1% (n = 2), and renal failure requiring 
dialysis was 2% (n = 4) in the PCI cohort Within 30 days 
of revascularization, none of the CABG patients underwent 
repeat CABG, but four patients (2%) underwent PCI. Within 
30 days of revascularization, five (2%) of the PCI patients 
underwent repeat PCI, and nine (4%) underwent CABG. 
Long-term outcomes. Table 3 compares the 36-month 
survival, survival free of unstable an^a and survival free of 
unstable angina and repeat revascularization for the cohorts 
randomly allocated between CABG and PCI. 

Figure 1 presents the five-year Kaplan-Meier survival 
curves for the CABG and PCI cohorts. The log-rank test 
for global differences between the two survival curves is not 
statistically significant (p = 0.46). The CABG and PCI 
number of patients (N) and the percentage surviving for 
each time period are shovm. 

Figure 2 presents the five-year Kaplan-Meier survival 
curves for the combined end point of survival free of unstable 
angina. Coronary artery bypass graft surgery survival free of 
unstable angina is general^' greater than the corresponding 
PCI survival rate, but the PCI rate is approximately 90% of the 
CABG rate. The log-rank test for global differences between 
the two curves is not statistically significant (p = 0.16). 

The CABG and PCI number (N) of patients and the 
percentage surviving free of unstable angina for each time 
period are shown. 

Figure 3 presents the five-year Kaplan-Meier curves for 
the combined end points of survival free of unstable angina 
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I. Kaplan-M«er survival plot of coronary arteiy bypass graft surgery (CABG) (circles) v«sus percutaneous coronary intervention (PCI) (squares). 
The CABG and PCI number of patients (N) and the percentage surviving for each time period are shown at the bottom of the plot. 
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Figure 2. Kaplan-Meier plot of survival free of unstable angina for coronary artery bypass graft surgery (CABG) (circles) versus percutaneous coronary 
intervention (PCI) (squares). The CABG and PCI number of patients (N) and the percentage surviving free of unstable angina for each time period are 
shown at the bottom of the plot. 

or repeat revascularization. Coronary artery bypass graft 
surgery survival free of unstable angina and repeat revascu
larizations is generally greater than the corresponding PCI 
rates, and the log-rank test for global differences between 
the tviro curves is statistically significant (p = 0.001). The 
CABG and PCI number (N) of patients and the percentage 
surviving free of unstable angina or repeat revascularizations 
for each time period are shovra. 

DISCUSSION 

The AWESOME study was designed to compare long-
term survival between PCI and CABG tn patients with 
medically refractory ischemia and increased risk of adverse 
outcomes with CABG (26,28). The primary result of this 
trial is comparable survival of patients randomly allocated 
between CABG and PCI. The additional finding that PCI 

> 
E 3 
<0 

log rank test p^.001 

CABG 
PCi 

0 6 12 18 24 30 36 42 48 54 60 

Patients (N) months post-treatment 
CABG 232 204 172 124 71 24 14 
PCI 222 187 140 84 50 29 10 

Survival (%) 
CABG 100 79 75 69 61 55 55 
PCt 100 66 58 50 48 44 44 

n^pUHPe 3. Kaplan-Meier plot of survival free of unstable angina (UA) or repeat revascularization for coronary artery bypass graft sui^iy (CABG) {circles) 
versus percutaneous coronary intervention (PCI) (squares). The CABG and PCI number of patients (N) and the percentage surviving free of UA or repeat 
revascularizations for each time period are shown at die bottom of the plot. 
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survival free of unstable angina was within 90% of the 
CABG survival free of unstable angina also supports the 
concept that PCI is an alternative for these patients. The 
finding of more frequent repeat revascularization with a PCI 
strategy is consistent with aU previous CABG versus PCI 
comparisons and reflects the differences in restenosis and 
completeness of revascularization, which are implicit in the 
two methods (15-24). 
AWESOME patient population compared with previous 
revascularization trials. The contribution this trial makes 
to the comparison of CABG and PCI derives primarily 
from its focus on high-risk patients (31). This is the only 
trial, to our knowledge, that compares CABG and PCI in 
patients with myocardial ischemia recruited because they 
were both medically refractory and had lisk factors for 
adverse outcomes with CABG (15-24,26,28,31). The mean 
age of AWESOME randomized trial patients of 67 years is 
at least five years older than the mean age of patients random
ized in the Emoiy An^oplasty Suigeiy Trial (EAST) (62 
years). Bypass Angioplasty Revascularization Investigation 
(BARI) (61 years) and the other PCI versus CABG trials 
(15-22). Similarly, the mean LVEF of AWESOME patients 
(0.45) is >0.10 lower than the mean values for any previous 
randomized trial comparing CABG vidth PCI (15-22). 
Prior CABG (31% of AWESOME patients) has been an 
exclusion criterion from all previous trials (15-22). Most 
pirevious trials have excluded patients who had an MI vidthin 
seven days (33% of AWESOME patients) (15-22). 
Medically refractory ischemia and processes of care. For 
this trial we attempted to push categories of medicines 
toward physiologic heart rate and blood pressure targets-
(25,26). The problem with a "one-size-fits-all" definition is 
that there is a different risk of lowering heart rate and blood 
pressure in patients vidth normal LVEF, versus severely 
reduced LVEF, and in patients who are >80 years as 
opposed to <60 years old (25). Nonetheless, to our knowl
edge, this is the first revascularization trial to attempt to 
limit enrollment to patients who had failed any predefined 
medical regimen. Largely as a result of the attempt to define 
medically refractory angina, a large proportion of AWE
SOME patients were receiving aspirin, heparin, nitrates and 
beta-blockers. Of the patients coming to diagnostic cathe
terization before enrollment in the AWESOME random
ized trial, 88% were receiving aspirin; 62% were receiving 
heparin; 90% were receiving nitrates; 76% were receiving 
beta-blockers, and 31% were receiving calcium channel 
blockers. This is in contrast with aspirin use (45% and 49%), 
heparin use (31% and 32%), beta-blocker use (50% and 
34%) and calcium channel blocker use (76% and 76%) in 
BARI and EAST, respectively (18,21,22). The data sup
porting nearly routine use of statin lipid-lowering agents 
and angiotensin-converting enzyme inhibition were not 
available when AWESOME was being planned. 
Comparison of revascularization processes of care. With 
regard to surgical processes of care, 70% of AWESOME 
surgical patients received left internal mammary grafts; 3.2% 
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received right internal mammary grafts, and 2.9% received 
radial artery grafts. By contrast, BARI and EAST surgical 
patients received internal mammary grafts in 84% and 86% 
of cases, respectively (18,21). 

With-regard to percutaneous interventional processes of 
care, 54% of AWESOME patients undergoing PCI re
ceived stents with an increase from 26% in 1995 to 88% in 
1999/2000. Overall, 11% of AWESOME patients undergoing 
PCI received glycoprotein nb/TIIa receptor blocking agents 
with an increase from 1% in 1995 to 51% in 1999/2000. 
Neither stents not glycoprotein Ilb/IIIa receptor blocking 
agents were used in either BARI or EAST (18,21). 
Stu^ limitations. The most important limitation of this 
trial is not having a larger sample size from which to derive 
greater statistical power. Most of this limitation appears to 
derive from the large proportion of clinically eligible pa
tients for whom the physicians felt one of the two revascu
larization choices was preferable and, therefore, would not 
permit random allocation. Physician clinical judgment fa
vored nonrandom allocation for 1,650 patients (68% of the 
clinically eligible patients). The lack of a core laboratory for 
central adjudication of electrocartWograms was the major 
reason for not including myocardial infarction as a second
ary outcome measure. The lack of a core laboratory for 
adjudication of coronary angiograms vras the major reason 
for not investigating relative patency rates. The unavailabil
ity of large numbers of female patients is a recognized 
limitation of VA trials. 
Conclusions. Percutaneous coronary intervention is an al
ternative to CABG for some patients with medically refrac
tory myocardial ischemia and a high risk of adverse out
comes with CABG. Patients vnth medically refractory 
myocardial ischemia and one or more of these risk factors 
have a comparable three-year survival but a higher rate of 
repeat revascularization with initial PCI. 

APPENDIX 

Participants in Veterans Affairs Cooperative Study ^385: 
AWESOME 

Executive Committee: Douglass Morrison, MD; Stewart 
Scott, MD (deceased); Gulshan Sethi, MD; Jerome Sacks, 
PhD; William Henderson, PhD; Steven Sedlis, MD; Rick 
Esposito, MD; Dan Lems, MD; Edward FoUand, MD; 
David Talley, MD. 

Data Monitoring Board: Spencer King, III, MD (chair
man); Cindy Grines, MD; Sidney Levitsky, MD; Bruce 
Lytie, MD; Daniel Seigel, ScD 

Death Review Committee: David Holmes, MD; Hartzell 
V. Schaff, MD. 

Department of Veterans Affairs Headquarters John R. 
Feussner, MD, Chief Research and Development Officer, 
Steven Berkowitz, PhD, Assistant Director, Cooperative 
Studies Program; Joseph Gough, MA, Program Assistant, 
Cooperative Studies Program. 

Participating Sites: Albuquerque, New Mexico: Sarah 
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Vernon, MD, Stuart Pett, MD, Mathew R. Holland, MD, 
Seth Krauss, MD, Jeannie CoUatz, RN; Ann Aibor, Mich
igan: Mark Starling, MD, Mauro Moscucd, MD, Marvin 
Kirsch, MD, Eric Bates, MD, Anita Bargardi, RN, MA, 
CORN, Elizabeth Hicks, RN, Judy Luckhardt, RN; 
Asheville, North Carolina: Stewart Scott, MD, John C. 
Lucke, MD, Stewart Levine, MD, Sundeep Mediratta, 
MD, Riaz Baqir, MD, Vladimer Curkovic, MD, Miltiadis 
Leon, MD, Ahmad M. Zia, MD, Nicholas Xenopoulos, 
MD, Gautum Patel, MD, Valerie Allen, RN; Dallas, Texas: 
Eric Eichom, MD, Michael Jessen, MD, Charles Landau, 
MD, Asad Karim, MD, Armie John, RN, Lucille Marcoux, 
RN; Denver, Colorado: Douglass A. Morrison, MD, Fred 
Grover, MD, Dave FuUerton, MD, Brack Hattler, MD, 
Nancy Thorbes, RN, CCRN, Rhonda Olmstead, RN, 
Charles C. Barbiere, CCRN, RT, EMT; Durham, North 
Carolina: Mitchell Krucoff, MD, Walter Wolfe, MD, 
Francis Duhaylongsod, MD, Kevin P. Landolfo, MD, 
Suzanne Crater, RN; Lexington, Kentucky: Dave Booth, 
MD, Peter Sapin, MD, M. Clive Robinson, MD, Amita 
Rastogi, MD, Lynne Shockey, RN, Margaret Price, RN, 
Kim Meadors, RN; Litde Rock, Arkansas: Jorge Saucedo, 
MD, J. David Talley, MD, Joseph Bissett, MD, Thomas D. 
Conley, MD, Stephen VandeVanter, MD, Gareth Tobler, 
MD, Tamim Antakli, MD, James HarreU, MD, Kwabena 
Mawulawde, MD, Rebecca Pacheco, RN, Karen Scott, RN; 
Memphis, Termessee: K. B. Ramanathan, MD, Danyl 
Weiman, MD, William A. Walker, MD, Zoe QuaUs, RN, 
Lillie Johnson, RN; Minneapolis, Minnesota: Herbert 
Ward, MD, Edward McFalls, MD, Bridget Wennerstrom, 
RN; New York, New York: Steven Sedlis, MD, Rick 
Esposito, MD, Jeff Lorin, MD, Mary Keary, RN; Portland, 
Oregon: Edward Murphy, MD, Gregory Larsen, MD, 
Harkness Floten, MD, Kathy Avalos, MA, Lori Gray, RN, 
Wendy Nicholson, RN; San Antonio, Texas: LaWayne 
Miller, MD, Stephan Kiesz, MD, Julia Sepeda, RN; Tuc
son, Arizona: Douglass A. Morrison, MD, Gulshan Sethi, 
MD, Venki Paramesh, MD, Steven Goldman, MD, Craig 
Hoover, MD, Thomas Raya, MD, Gayle Murad, RN, 
Catherine Z. Akbari, RN, BSN; West Los Angeles, Cali
fornia: Jaime Altamirano, MD, Vishva Dev, MD, Fardad 
Esmailian, MD, Ralph Hutchings, MD, Kobus Louw, 
MD, Davis Drinkwater, MD, Dominique La Page, RN, 
Teresita Corvera, RN, MS; West Roxbuty, Massachusetts: 
Vladimir Biqiniuk, MD, Frederick Welt, MD, William 
Daley, MD, C. Michael Gibson, MD, Diane Lapsley, RN. 
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OBJECTIVES This study was designed to compare the three-year survival after percutaneous coronary 
intervention (PCI) or coronary artery bypass graft surgeiy (CABG) in physician-directed and 
patient-choice registries vrith the An^a With Extxemefy Serious Operative Mortality 
Evaluation (AWESOME) randomized trial results. 

BACKGROUND The AWESOME multicenter randomized trial and registry compared the long-term survival 
after PCI and CABG for the treatment of patients with medicaUy refractory myocardial 
ischemia and at least one additional risk factor for adverse outcome with CABG. The 
randomized trial demonstrated comparable three-year survival 

MEIHODS Over a five-year period (1995 to 2000), 2,431 patients with medically refractory myocardial 
ischemia and at least one of five risk factors (prior heart surgery, myocardial infiirction within 
seven days, left ventricular ejection firaction <0.35, age >70 years, intra-aortic balloon 
required to stabilize) were identified. By physician consensus, 1,650 patients formed a 
physidan-directed registry assigned to CABG (692), PCI (651) or fiirther medical therapy 
(307), and 781 were an^graphically eligible for random allocation', 454 of these patients 
constitute the randomized trial, and the remaining 327 constitute a patient choice registry. 
Survival for CABG and PCI was compared using Kaplan-Mrier curves and log-rank tests. 

RESULTS The CABG and PCI 36-month survival rates for randomized patients were 7^ and 80%, 
respectively, "nie CABG and PCI 36-month survival rates wfere both 76% for the physician-
directed subgroup; comparable survival rates for the patient-choice subgroup were 80% and 89%, 
respective^. None of die global log-rank tests for survival demonstrated significant diferences. 

CONCLUSIONS Both registries support the randomized trial conclusion: PCI is an alternative to CABG for 
some medically refractory high-risk patients. 0 Am CoU Cardiol 2002;39:266-73) ©2002 
by the American College of Cardiology 
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Randomized clinical trials comparing percutaneous coro
nary intervention (PCI) with coronary artery bypass graft 
siirgety (CABG) have demonstrated comparable long-term 
survival (1-13). In most trials, relief of angina has been 
comparable or slightly better with CABG, and the need for 
further revascularization has favored CABG (1-11). Argen
tine Randomized Trial of Percutaneous Transluminal Cor
onary Angioplasty Versus Coronary Artery Bypass Surgery 
in Multivessel Disease (ERACI) II has extended the pre-
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TaUe 2. Baseline Clinical and Angiographic Variables of 
Physician-Directed and Patient-Choice Cohorts by Intervention 

Plî idaa-Direfted Padent-Choice 

CABG PCI CABG PCI 

Patients n 692 651 95 207 
Age years 69 66 68 66 
Age > 70 yeais % 63 42* 58 50 
Prior PCI % 17 32* 17 26 
Prior CABG % 22 55* 34 36 
Prior MI % 51 65* 54 61 
MI <7 day % 28 35* 36 41 
LVEF<0.35 % 17 19 21 14 
LVEF mean 43 43 45 46 
lABP % • 5 7 3 3 
Smoker % 28 32 33 36 
Diabetes % 36 31 22 32 
Hypertension % 69 66 66 64 
Prior CHF % 83 57* 47 60t 
Prior stroke % 11 11 7 9 
Three-vessel % . 57 39* 35 30 
Native CAD % 98 98 97 98 
SVG CAD % 21 40* 20 26 
LAD >70% % 92 78* 86 80 
L main >50% % 34 11* 15 10 
TIMI no flow % 44 54*t 51 37 
ACC/AHA class C % 84 75* 57 70t 
NYHAdassnmV % 83 57* 47 60t 

*Statisticaliy significant difference between CABG and PCI: p< 0.01; fstatisticalty 
significant difference between CABG and PCI: p < 0.05. 

CABG = coronaiy artery bypass graft; SVG CAD = disease in saphenous vein 
graf^ TEMZ no How = Thrombofysis In Myocardial Infarction trials class of occlusion 
with no antegnuSe flow; PCI = percutaneous coronary intervention. Odier abbrevi
ations as in T^le 1. 

Rights Committee approved the protocoL The conduct of 
the trial was revievvfed annually by these committees. 

A total of 22,662 patients were screened, and of these 
patients, 7,278 did not meet criteria for myocardial isch
emia, 5,783 fiiiled to meet criteria for medically refiractoiy 
myocardial ischemia, and 10,030 had none of the risk 
factors for adverse outcome with CABG. There were 2,431 
clinically eligible patients who met all three clinical criteria. 
After coronaiy angiography had been reviewed by both an 
interventional cardiologist and a surgeon, a total of 781 
patients (32%) were acceptable to both operators as candi
dates for random allocation of revascularization method. 
These patients were approached for informed consent, and 
454 (58%) consented to a randomized choice of revascular
ization. The 327 patients who refused random allocation 
elected either CABG or PCI for themselves and are referred 
to as the patient-choice registry. The 1,650 patients for 
whom physician consensus would not allow random assign
ment constitutes a prospective physidan-directed registry; 
692 were assigned to CABG, 651 were assigned to PCI, 
and 307 were assigned further medical therapy. 
Statistical analysis. Differences in baseline variable fre
quencies were tested by chi-square tests for proportions. 
Long-term survival was measured by Kaplan-Meier sxirvival 
estimates, which were plotted. The statistical signifiaince of 
global differences between survival curves was judged by 
log-rank tests. Differences between CABG and PCI 36-
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Table 3. The Percentage Allocation to CABG Among 
Physician-Directed and Patient-Choice Patients by High-Risk 
Baseline Subsets 

Baseline Subset Physician-Directed Patient-Choice 

Overall CABG allocation % 52 31 
Age > 70 yeais % 61* 35 
Prior PCI % 36* 23 
Prior CABG % 30* 30 
Prior MI % 45* 29 
MI <7 days % 46* 29 
LVEF <0.35 % 49 41 
lABP % 43 31 
Smoker % 48 30 
Diabetes % 55 24 
Hypertension % 53 32 
Prior CHF % 60* 26t 
Prior stroke % 51 27 
Three-vessel % 61* 35 
LAD >70 % 56* 33 
L main >50 % 77* 41 
Native CAD % 52 31 
SVG CAD % 36* 26 
TIMI no flow % 46 39 
ACC/AHA dass C % 54* 27t 
NYHA dass m/IV % 60* 26t 

Statistical^ significant difi^ence between overall and risk group percent allocation to 
CABG: •p < 0.01; tp < 0.05. 

SVG CAD = disease in saphenous vein graft; llMI no flow = Tbrombotysis In 
Myocardial Infection trials deification of no antegrade flow with ocduded vessel. 
Othei abbreviations as in Table 1. 

month survival were computed alor^ with z-tests of the 
differences. 

RESULTS 

In the entire registry, 83% (1,645/1,977) of patients were 
revascularized during their index hospitalization. Among 
those revascularized, 48% (n = 787) received CABG and 
52% (n = 858) received PCI. Among physidan-directed 
patients 81% (n = 1,343) were revascularized, 52% (n = 
692) by CABG and 48% (n = 651) by PCI. The difference 
between these two rates is not statistically significant (chi-
square; p > 0.10). Among patient-choice patients, 92% 
(n = 302) were revascularized, 31% (n = 95) selected 
CABG, and 69% (n = 207) selected PCI. The difference 
between these two rates is statistically significant (chi-
square; p < 0.001). 

Methods for CABG and PCI evolved over the course of 
the study. Left internal mammary ^ety use increased from 
57% in 1995 to 78% by study end, jvith an overall average of 
70%. Stent use increased from 26% of PCI cases in 1995 to 
89% in 1999, with an overall average use of 55%. As stent 
use increased, directional and extractional atherectomy use 
virtually disappeared. Intra-aortic balloon counter-pulsation 
declined from 26% in 1995 to 11% in 1999, with an overall 
use of supportive counter-pulsation of 22%. 

Table 1 displays baseline comparisons of randomized and 
registry patients. The overall registry profile is similar to the 
randomized profile except for four baseline factors (prior 
CABG, saphenous vein graft coronaiy arteiy disease [SVG 
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ACC/AHA = American CoBege of 
Caidiolog}7'American Heart Association 
class of lesion grading 

AWESOME == Angina With Extreme  ̂Serious 
Operative Mortality Evaluation 

CABG — coronaiy arteiy bypass graft surgery 
CAD — coronary artery disease 
lABP — intra-aortic balloon pump 
LVEF — IcA ventricular qection firacrion 
MI = myocardial iniarction 
NYHA = New York Heart Association class of 

heart failure 
PCI === percutaneous coronary intervention (may 

include stents or atherectomy, in 
addition or in place of balloon 
angioplasty onfy) 

SVG — saphenous vein graft 
TIMI = Thrombolysis In Myocardial Iniarction 
VA = U.S. Department of Veterans A&iis 

vious PCI versus CABG trials by including the use of stents 
to treat patients with multivessel disease, the majority of 
whom had tmstable coronary syndromes (10). The recently 
reported ARTS (Arterial Revascularization Therapies 
Study) trial also included modem stents and compared 
quality of life and cost of care end points (11,12). 

The 1999 American College of Cardiology/American 
Heart Association (ACC/AHA) Guidelines for Coronaiy 
Artery Bypass Graft Surgery and the editorial that accom
panied the publication of ERACIII specified that patient 
groups with prior CABG, left ventricular ejection fraction 
<0.35, myocardial infarction (MI) within seven days or 
intra-aortic balloon pump required to stabilize had not been 
included in randomized comparisons of CABG and PCI 
(13,14). These patient groups were not included in ARTS 
either (11,12). A recently concluded randomized clinical 
trial, An^a With Extremely Serious Operative Mortality 
Evaluation (AWESOME), compared CABG and PCI 
survival among patients with medically refractory ischemia 
and these risk factors (15,16). AWESOME also included 
the use of stents and glycoprotein llbAlIa receptor-blocking 
drugs (15,16). The AWESOME trial demonstrated com
parable three-year survival for the PCI and CABG groups 
(16). 

The principal purpose of random allocation of subjects is 
the avoidance of known and unknown selection biases and 
the avoidance of confounding that would result in noncom-
parable patient sets assigned to the alternative therapy arms 
of the study. Randomization should result in a balanced 
distribution of baseline variables in the alternative therapy 
arms of the study. The reality of randomized clinical trials is 
that many health care providers, patients and families do not 
consent to random allocation, because they do not perceive 
the alternative therapies to be equally effective. A prospec
tive study of the eligible patients who were directed by 
physicians not to participate, and of patients deemed ac-

momson er m. ze/ 
PCI Versus CABG in High-Risk Unstable Aî na 

ceptable but who decUned random allocation, can reveal the 
extent to which selection bias may obscure treatment dif
ferences (17). Registry results also provide insight into 
current medical dedsion making (18). This article compares 
CABG and PCI survival in die AWESOME physician-
directed and patient-choice registries to survival in the 
randomized clinical trial (15,16). 

METHODS 

The AWESOME protocol, baseline characteristics of ran
domized patients and three-year outcomes of the random
ized cohort have been reported (15,16). The AWESOME 
trial was a nationwide, prospective randomized clinical trial 
designed to compare long-term sundval with CABG versvis 
PCI for patients with medically refiactory myocardial isch
emia and increased risk of adverse outcomes with CABG. 
Patients were enrolled at 16 Veterans Affairs medical 
centers over a five-year period (1995 to 2000). All 16 sites' 
institutional review boards and the national VA Human 

Table !• Baseline Comparisons of Randomized, Total Registry, 
Physidan-Directed and Patient-Choice Cohorts 

Variable Random Registry 
Pbysidan-
Dicected 

Patieiit-
Cbotce 

Patients number 454 1,977 1,650 327 
Age mean 67 67 68 67 
Age > 70 years % 52 53 53 52 
Prior PCI % 23 24 24 23 
Prior CABG % 31 42* 44 36t 
Prior MI % 57 57 57 59 
MI <7 days % 33 32 31 39t 
LVEF <035 % 21 18 , 18 16 
LVEF mean 42 44 43 46 
lABP % 2 5 5 3 
Smoker % 35 30 30 35 
Diabetes % 33 33 34 28 
Hypertension % 70 67 68 64 
Prior CHF % 61 69 71 57+ 
Prior stroke % 13 12 12 9 
Aspirin % 94 96 96 95 
Heparin % 84 84 82 90 
Beta-blocker % 79 78 78 77 
Ci-blocker % 33 37 37 33 
One-vessel % 18 .22 20 30 
Two-vcssel % 41 33 V 33 37 
Three-vessel % 41 44 47 33t 
Native CAD % 99 98 98 97 
Graft CAD % 26 33* 35 26+ 
LAD >70% % 89 83 83 83 
L main >50% % 7 i 18* 19 12t 
ACC/AHA class C % 75 78 80 67+ 
NYHA class ra/IV % 61 69* 71 57+ 

'Statistically ^gnificant difference between random and regjistty: p < 0.01; fstatisti-
calty significant difimmcc between physician-dirccted and patient-choice r^tiy 
sub^: p < 0.05; 4^tatistica% significant difference between physidan-directed and 
patient-choice reg^tiy subsets: p < 0.01. 

ACC/AHA c^ = American C<^ege of Cardiolc^/Ameiican Heart Assodadon 
coronary ang^og^phic lesion classification; CABG — coronary artery bypass graft; Ca 
blod^ = catcium channel Mocking agmt; CAD — cwonaiy artery disease; CHF = 
c(»i^estive heart f^ure; lABP = intra-aortk balloon pump; LVEF = left ventricular 
gection fraction; L main - left main stenosis; LAD = left anterior descending 
Native CAD = native vessel coronaiy artery disease; NYHA = New York Heart 
Assodadon; PCI = pcrcutancous coronaiy intervention. 
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TaMe 4. CABG and PCI 36-Month Survival, Survival Free of 
Unstable Angina and Survival Free of Unstable Angina or 
Repeat Revascularizations 

Outcome CABG PCI 

CABG-
pa 

Difiereace 
Standard 

Enor 

Survival 
Rwdomized 79% 80% -1% 5.6% 
Phystdan-directed 76% 76% 0% 2.8% 
Patient-choice i 80% 89% -9% 5.9% 

Sunivai free of unstable an^a 
Randomized 65% 59% 6% 8.4% 
Physidan-directed 66% 51% 15%* 5.0% 
Patient-choice 63% 64% -1% 11% 

Sunrxval free of unstable angina 
or repeat revascularization 

Randomized 61% 48% 13% 10% 
Physidan-directed 63% 46% 17% - 12% 
Pati«it-choicc 60% 57% 3% 5% 

*Statistica% ^nificant di^rence p < 0.01. 
CABG = coronaiy artery l^pass graft; PCI = percutaneous coronaiy intervention. 

CAD], left main >50% and Nw York Heart Assodation 
[NYHA] class m/IV). 

Table 2 displays baseline prevalence rates and means of 
clinical and angiographic risk fiictots in the two registry 
subgroups allocated to CABG or PCI. Physidan-directed 
patients allocated to CABG had substantially higher prev
alence rates for age >70 years, prior congestive heart failure, 
three-vessel disease, left anterior descending coronary artery 
>70%, left main >50%, ACC/AHA class C and NYHA 
dass in/IV compared with the rates for those allocated to 
PCI. Physidan-directed patients assigned to PCI had sub
stantially higher prevalence rates for prior PCI, prior 
CABG, SVG CAD, Thrombolysis in Myocardial Infarc

tion (TIMI) no flow and prior MI compared with the 
prevalence rates for those allocated to CABG. 

Table 3 presents the percentage of patients allocated to 
CABG by risk factors for the physidan-directed and the 
patient-choice subsets. Among physidan-directed patients, 
five risk factors (prior PCI, prior CABG, prior MI, MI <7 
days and SVG CAD) are assodated with a physidan 
preference for PCI and five risk factors (age >70 years; prior 
CHF, three-vessel disease, left main >50% and NYHA 
class ni/IV) are assodated with a physidan preference for 
CABG. Single-vessel patients were preferentially directed 
to PCI; patients vnth two-vessd disease were split compa
rably between CABG and PCI. The differences between 
these rates and the overall CABG allocation rate for 
physidan-directed patients are statistical^ significant. 

Table 4 presents Kaplan-Meier estimates of CABG and 
PCI: 36-month surnval, 36-month survival free of unstable 
angina and 36-month survival free of unstable angina or 
repeat revascularization for the randonuzed patients and the 
physidan-directed and patient-choice registry subgroups. 
The table lists CABG-PCI 36-month survived differences 
and the standard errors of the diferences. None of the 
36-month survival differences is statistically significant 

Kaplan-Meier estimates of CABG and PCI survival, 
survival free of unstable angina and survival free of unstable 
angina or repeat revascularizations for the physidan-
directed and patient-choice registries are shown in Figures 1 
to 6 along with the global log-rank test. TTie yeariy number 
of patients with CABG and PCI and the yearly survival 
estimates appear at the bottom of each plot. The CABG 
and PCI plots appear parallel post six-months for all traits. 

The in-hospital stroke rates for CABG and PCI were 1% 

100 

(0 
> 

£ 3 
50 

25 
Log.rank Test p=0.76 

0 1 2 3 4 5 
Patlenfs (N) years posMreatment 
CABG 692 608 503 372 237 72 
PCI 651 S72 495 423 318 144 

Suivival (%) 
CABO 100 87 81 76 73 71 
PCI 100 86 82 76 72 67 

Rgure 1, Kapian-Meier plots of survival for cownAry artery bypass graft surgery (CABG) (djrde) versus percutaneous coronaiy intervention (PCI) (x) in 
physician-directed legistiy. Numbeis of patients and survival are given at the bottom. 
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§ 
E 3 

50 

25 
Log-rank Test p =0.13 

0 1 2 3 4 5 
Patients (N) years post-treatment 
CABG 95 84 66 50 30 15 
PCI 207 200 1S2 118 85 36 

SuMval (%) 
CABG 100 88 85 80 77 77 
PCI 100 95 91 89 82 81 

Ftgnre 2. Ksiplan-MeieT plots of sumval for coronary arteiy bypass graft surgery (CABG) (aide) versus percut^eous coronary intervention (PCI) {x) in 
patient-choice registry. Numbers of patients and survival are g^ven at the bottom. 

and 1%, respectively, in the randomized cohort, 3% and 
0.3%, respectively, (p < 0.01) in the physidan-directed 
registry and 5% and 1%, respectively, (NS) in the patient-
choice registry. 

DISCUSSION 

The AWESOME registry results extend the randomized 
trial conclusion that CABG and PCI are both options for 
medically refractory patients with angina having prior 

CABG, recent MI, poor left ventricular fimction, age >70 
or instability necessitating intra-aortic balloon counterpul
sation (lABP) (15,16). The randomized cohort plus the two 
registries include 100% of the patients who met all three 
pre-established clinical criteria for the trial at the partici
pating sites. Survival patterns for CABG and PCI are 
similar in the randomized cohort and in both registry 
cohorts. Survival free of repeat angina episodes is lower in 
the PCI patients in the physidan-directed registry but, not 
the patient-choice registry; the differences are not large and 

(8 
> 

E 
3 

Log-rank Test; p=0.01 

0 1 1 3 4 5 
Patients (N) years post-treatment 
CABG 692 561 421 358 223 72 
PCI 651 468 349 306 220 120 

Survfval (%) 
CABG 100 81 73 66 62 57 
PCI 100 67 57 51 47 42 

Filfura 3. Kaplan-Meier plots of survival free of unstable angina for coronaiy arteiy bypass graft surgery (CABG) (drcle) versus percutaneous coronary 
intervention (PCI) (X) in physician-directed registry. Numbers of patients and survival are given at the bottom. 
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100 

n 
> 

t 
3 W 

Log-ranl(Test: p=0.96 

0. 1 2 3 4 5 
Patients (N) years post-treatment 

5 

CABG 95 74 51 37 22 8 
PCI 207 160 109 72 41 12 

Survival (%) 
CABG 100 79 72 63 56 56 
PCI 100 78 70 64 58 55 

Rgure 4» Ki^lan-Meier plots of survival free of unstable angina for coronaiy arteiy bypass graft surgeiy (CABG) (cncle) versus percutaneous coronaiy 
intervention (PCI) (X) in patient-choice i^stiy. Numbers of patients and survival are given at the bottom. 

occur in the first six months. The physician-directed and 
patient-choice registry cohorts display the current attitudes 
of physidans and patients as to the appropriate choice of 
revascularization for high-risk patient subsets. 
Physidan diiiectioii. The prospectively gathered registry of 
patients for whom physicians would not permit random 
allocation provides some insight into factors associated with 
the choice of revascularization. Five clinical factors (older 
age, three-vessel disease, left main disease, NYHA dass 

ni/IV and proximal left anterior descending disease) appear 
to have influenced the physicians to direct patients toward. 
CABG. Patients with single-vessel disease were preferen
tially directed to PCI, whereas patients with two-vessel 
disease were split comparably. 

The risk factors of prior MI, prior CABG, prior PCI and 
SVG CAD were all associated with physician direction to 
PCI. The conventional risk factors of smoking, hyperten
sion, low left ventricular ejection fraction (LVEF < 0.35) or 

100 

.i 
£ 
3 
<0 

Log-rank Test p^O.OI 

0 1 

Patients (N) 
CABG 692 540 
PCI 651 436 

Survival (%) 
CABG 100 78 
PCI 100 62 

years post-treatment 
403 
318 

70 
S3 

271 
242 

14S 
160 

60 
42 

25 
57 

55 
37 

Figure 5. Kaplan-Meier plots of survival free of unstable angina and repeat revascularization for coronary arteiy bypass graft surgeiy (CABG) (circle) versus 
percutaneous coronary intervention (PCI) (x) in physician-directed registry. Numbers of patients and survival are gjiven at the bottom. 
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Log-rank Test paO.48 

Patients (N) 
CABG 95 
PCI 207 

Survival (%) 
CABG 100 
PCI 100 

1 2 
years post-treatment 

71 49 3S 
147 98 62 

21 
32 

7« 
71 

60 
57 

53 
47 

Figure 6. Kaplan-Meier plots of survival fi:ee of unstable angina and rq>eat revasculari2ation for coronary arteiy bypass graft surgery (CABG) (circle) versus 
percutaneous coronary intervention ipCD (x) in patient-dhoice registry. Numbers of patients and survival are g^ven at the bottom-

a requirement for lABP do not appear to have been used to 
preferentially direct patients to CABG or PCI. We are not 
aware of published data firom any other stucfy^ that has 
compared CABG to PCI for several of these important 
high-risk subgroups, such as patients with prior CABG or 
patients with very low LVEF (13-16). Nonetheless, physi
cians often must choose a course of action when trial-based 
guidelines do not exist. 
Patient choice. The registry patients deemed acceptable 
for both CABG and PCI by their respective operators (and 
often referring physidans) are inherently lower risk than the 
physician-directed cohort. These patients provide insight 
into the factors associated with "patient choice." \'\^th the 
profusion of medical information available via the Internet, 
television and radio, patient choice often includes some 
physician direction. The majority of these patients chose 
PCI. 
Tune trends in revascularization methodology. During 
the five years of the study, the use by our surgeons of left and 
right internal mammary arteries and radial arteries in
creased, perhaps reflecting increased comfort with high-risk 
cases. During the same period, stent and glycoprotein 
Ilb/IIIa blocker usage sharply increased in the study. As 
stent use increased, atherectomy (all three types) use de
creased; indeed, both directional and transluminal extrac
tion catheter use nearly disappeared. Thus, this trial reflects 
the continuous evolution of CABG and PCI revasculariza
tion techniques during the period from 1995 to 2000. 
Limitations. The first limitation of any registry is that 
physician and patient selection is biased selection; Accord
ingly, the registry provides a look at the systematic (non-

random) thinking of physicians and patients. Neither stroke 
nor MI was systematically evaluated as an end point in a 
blinded or core-laboratory controlled fashion. The 1,977-
patient registry is comparable in size to the BARI registry 
(although the randomized trial is smaller), but not nearly as 
large as such registries as the Veterans Affairs Continuous 
Improvement program in cardiac surgery (17-22). There 
were few women in the randomized trial or in the registry. 
Suimnaiy and implications. The re^stry data extend the 
results of the AWESOME randomized trial, sixggesting 
that PCI or CABG may relieve medically refractory isch
emia among patients with risk factors for adverse outcomes 
with CABG. The preferences for CABG or PCI within 
high-risk subgroups reflect an overall weighing of the 
different benefits and risks associated with CABG or PCI 
on the part of the physicians and/or patients. 
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Percutaneous Coronary Intervention 
Versus Repeat Bypass Surgery for Patients 
With Medically Refractory Myocardial Ischemia 
AWESOME Randomized Trial and 
Registry Experience With Post-CABG Patients 
Douglass A. Morrison, MD, FACC,* Gulshan Sethi, MD, FACC,* Jerome Sacks, PHD,t 
William G. Henderson, PHD,t Frederick Grover, MD, FACC,:|: Steven Sedlis, MD, FACC,§ 
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the Angina \'\^th Extremely Serious Operative Mort^ty Evaluation (AWESOME) 

Tucson, Arizona; Hines, Illinois; Denver, Colorado; and New York, New York 

(WLCIIVES This report compares long-term percutaneous coronary intervendon (PCI) and coronary 
artery bypass graft (CABG) survi^ among post-CABG patients included in the Angina 
With Eb^emcly Serious Operative Mortality Evaluation (AWESOME) randomized trial 
and prospective registry. 

BACKGROUND Repeat CABG surgery is associated with a higher risk of mortality than first-time CABG. 
The AWESOME is the first randomized trial comparing CABG with PCI to include 
post-CABG patients. 
Over a five-year period (1995 to 2000), patients at 16 hospitals were screened to identify a 
cohort of 2,431 individuals who had medically refii^ctory myocardial ischemia and at least one 
of five high-risk factors. There were 454 patients in the randomized trial, of whom 142 had 
prior CABG. In the ph)^ician-directcd registry of 1,650 patients, 719 had prior CABG. Of 
the 327 patient-choice registry patients, 119 had at least one prior CABG. The CABG and 
PCI survivals for the three groups were compared using Kaplan-Meier curves and log-rank 
tests. 
The CABG and PCI three-year survival rates were 73% and 76% respectively for the 142 
randomized patients (75 and 67 patients) (log-rank = NS). In the physician-directed registry, 
155 patients were assigned to reoperation and 357 to PCI (207 received medical therapy); 
36-month survivals were 71% and 77% respectively (log-rank = NS). In the patient-choice 
registry, 32 patients chose reoperation and 74 chose PCI (13 received mescal theraf^); 
36-month survivals were 65% and 86% respectively (log-rank test p — 0.01). 
Percutaneous coronary intervention is preferable to CABG for many post-CABG 
patients. (J Am Coll Cardiol 2002;40:195l—4) © 2002 by the American College of 
Cardiology Foundation 

METHODS 

RESULTS 

CONCLUSION 

In the U.S., an estimated 300,000 coronaiy artery bypass 
graft (CABG) surgeries are done yearly at an estimated cost 
of $10 billion (1). Because ^afts may clot or develop 
atherosclerotic lesions, and because coronary artery disease 
progresses in other segments of the coronary tree, eventually 
patients with prior CABG return with recurrent symptoms 
(2). The operative mortality of reoperations is distinctiy 
higher than the mortality of first-time operations (1). 
Reoperative morbidity is also higher than for initial surgery, 
and both mortality and morbidity can be even higher in 
elderly, unstable patients vsdth additional risk factors (1). 

Patients with one or more prior CABG operations are an 

From the Tucson VA Medical Center and the University of Arizona, Tucson, 

Arizona; fHines VA Coo^rative Studies, Hines, Illinois; ^Denver VA Medical 

Center and the University of Colorado, Denver, Colorado; and the §New York VA 
Medical Center and the New York Univerity, New York, Newr York. The Cooperative 

Studies Program of the United States Department of Veterans Affairs Research and 
Dewlopment Sernce funded diis study. 

Manuscript received August 8, 2002; accepted August 26, 2002. 

increasing number and proportion of the patients with acute 
coronary syndromes and stable angina who are being eval
uated for revascularization (1). The Society for Thoracic 
Surgery database of 594,059 CABG operations included 
8.6% to 10.4% reoperations per year from 1987 to 1997 
(3-6). 

Percutaneous coronary intervention (PCI) has been used 
to treat medically refractory myocardial ischemia in patients 
with prior CABG since the early 1980s (7,8), but even with 
the addition of stents, PCI of patients with prior CABG has 
been associated with worse outcomes than PCI of patients 
without prior CABG (9,10). 

Previous randomized trials of CABG versus PCI ex
cluded patients with prior CABG operations and did not 
include stents and other innovations that have changed 
revascularization technique (8-12). This study reports the 
long-term survival of 760 revascularized patients (142 in the 
randomized trial, 512 in the physician-directed registry, 



164 

1952 Morrison etal. 
pa Versus ReikMMBG fcrlHyocardial Ischemia 

JACCVol.40,No. U,2002 
December 4, 2002:1951-4 
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AWESOME = Angina With Extremely Serious 
Operative Mortality .Evaluation 

CABG = coronary artery bypass graft 
PCI = percutaneous coronary intervention 

106 in the patient-choice registry) in the Angina With 
Extremely Serious Operative Mortality Evaluation 
(AWESOME) randoriiized trial and registry, who had at 
least one prior CABG (13,14). 

METHODS 

The AWESOME trial was a nationwide, prospective, 
multicenter effort designed to compare the long-term sur
vival of patients with medically re&actofy myocardial isch
emia and risk fectors for adverse outcome with CABG. The 
AWESOME protocol, baseline characteristics of random
ized patients and registry patients, and three-year outcomes 
of both randomized patients and the overall results of the 
two registries (physician-directed and patient-choice) have 
been reported (13,14). Patients were enrolled at 16 
university-affiliated Veterans Affairs Medical Centers over a 
five-year period (1995 to 2000). 

During eruroUment, 2,431 patients met the clinical criteria 
for medically refiractory myocardial ischemia and had one or 
more of the five high-risk clinical factors, including prior 
CABG (13,14). All of these patients underwent clinically 
indicated coronary angiography, and 980 had one or more 
prior open-heart surgeries (CABG or valve replacement or 
both). Of the 980, 719 patients were not acceptable for 
revascularization to one of the operators and vrere referred 
(physician-directed) for either repeat CABG (n = 155), 
PCI (n = 357), or medical therapy (n = 207). Of the 
remaining 261 who were acceptable to both operators, 142 

accepted random assignment (75 to CABG, 67 to PCI) and 
119 chose for themselves (patient-choice) (32 to CABG, 74 
to PCI, and 13 to medical only). 

Differences in baseline variable fi:equencies were tested by 
chi-square tests for proportions. Long-term survival was 
measured by Kaplan-Meier estimates, which yrete plotted. 
The statistical significance of differences between CABG 
and PCI survival curves was judged by global log-rank tests. 
Differences between CABG and PCI three-year stirvival 
were computed along with z-tests of the differences. 

RESULTS 

Table 1 displays the baseline characteristics of AWESOME 
randomized and registry patients with prior CABG by the 
assigned revascularization. The randomized groups were 
comparable. The physician-directed registry had a higher 
proportion of three-vessel patients directed to CABG and a 
larger proportion of fijrmer stroke patients directed to PCI. 
Both the physidan-directed and the patient-choice registry 
subgroups show a higher proportion of diabetes among 
patients assigned to PCI compared vwth those assigned 
CABG, and the difference for the patient-choice group is 
statistically significant. The patient-choice registry assigned 
CABG had a higher proportion of patients with a severely 
reduced ejection firaction compared vyith those assigned 
PCI; the difference is statistically significant. 

Table 2 displays post-CABG patient outcomes. Small 
consistent but statistically nonsignificant trends can be 
observed for higher PCI rates of revascularization 'as 
assigned" among the random and registry subgroups and 
higher PCI survival at every interval and in every group. 
CABG 36-month survival firee of recurrent unstable angina 
and/or repeat revascularizations is consistently higher than 
the PCI value, and the difference is statistically significant in 
the ph)^ician-directed subgroups. Survival trends firee of 

Table 1. Baseline Characteristics of Registry Patients With Prior CABG by Revascularization 

Randonuzed Physician--Directed Patient-Choice 

CABG PCI CABG PCI CABG PCI 
BaseUne (n = 75) (n = 67) (n = 155) (n = 357) (n = 32) tl 

(%) (%) (%) (%) (%) (%) 
Age >70 40 39 36 38 47 45 
MI <7 days 12 12 16 17 25 22 
LVEF <0.35 15 16 11 17 28 8t 
Prior PCI 28 28 23 31 23 24 
Diabetes 44 28 28 35 20 38t 
Prior stroke 15 11 11 19* 7 7 
Hypertension 68 77 70 70 67 68 
Smoker 29 26 35 27 22 34 
Three-vessel 70 65 71 58t 62 62 
TIMI no flow 68 76 72 71 81 66 

•Statistically significant difference between CABG and PCI, p < 0.05. tStatisticaily significant difference between CABG and 
PCI, p < 0.01. 

CABG = coronary artery bypass graft; Diabetes = necessitating treatment with insulin and/or oral agents; Hypertension = 
persistendy elevated blood pressure necessitating treatment; LVEF = left ventricular ejection firaction; MI = myocardial 
infarction; PCI = peraitaneous coronary intervention; Smolar = current smoker, Three-vessel = all three major epicardial 
coronary arteries had at least one >70% kimenal narrowing; TIMI no flow = at least one vessel with Thrombolysis In 
Myocandial Infarction grade 0. 
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Table 2. CABG and PCI Outcomes of Patients With Prior CABG 

Assigned Revasculsirizatioii 

Randomized Pi^idan-Di)iected Patient-Clioice 

CABG PCI CABG PCI CABG PCI 
Outcomes (n = 75) (n = 67) (n = 155) (n = 357) II II 

Revasculanzed its assigned 96% 100% 92% 96% 94% 97% 
Cross-over 10% 2% 2% 2% 3% 3% 
In-hospital deaths 6 0 13 2t 5 Ot 
Shoit-terri survival 

1-month 91% 99% 92% 97% 78% 100% 
6-month 85% 92% 83% 92% 75% 97% 
12-month 81% 89% 79% 88% 72% 95% 

36-month survival 
Survival 73% 76% 71% 77% 65% 86%t 
Survival free of unstable 65% 48% 61% 43%* 62% 43% 

an^a 
Survival free bf repeat 65% 55% 60% 50%* 66% 56% 

revascularizadons 
Survival fiee of unstable 49% 32% 58% 38%* 59% 35% 

angina or repeat 
revascularization 

^Statistical^ significaat difference between CABG and PCI outcomes, p < 0.05. fStadsticalty significant diffi^nce between 
CABG and PCI outcomes, p < 0.01. 

Abbreviations as in Table 1. 

unstable angina or revascularization consistently favor 
CABG, and the log-rank tests were statistically different. 

Table 3 presents the proportions of patients with various 
additional risk factors who were directed by physicians to 
PCI (physician-directed registry) or who chose PCI for 
themselves (patient-choice registry). Percutaneous coronary 
intervention was selected by over a 2:1 ratio in both registry 
subgroups (70% were assigned to PCI and 30% to CABG in 
both registry subgroups). The PCI assignment frequency 
was considerably greater than 50% in all subsets other than 
the left ventricular ejection fraction <0.35 in the patient-
choice subgroup. 

DISCUSSION 

The data reported here extend the conclusion of the 
AWESOME randomized trial and registry that PCI is an 

Table 3. The Percentage Allocation to PCI Among Physician-
Directed and Patient-Choice Patients With Prior CABG 
According to Additional Risk Factors at Baseline 

Physidan-Directed Patient-Choice 
Hig|k-Risk Subset (n = 719) (n = 119) 

All prior CABG 70% 70% . 
Prior CABG and 

Age >70 71% 69% 
AMI <7 days 71% 67% 
LVEF <0.35 78% 40%* 
Prior PCI 76% 71% 
Diabetes 74% 81%* 
Prior stroke 80%* 70% 
Three-vessel disease 61%* 70% 
TIMI no flow 69% 65% 

'Statistically sigtuficant difference between ovci^ PCI assignment rate and PCI 
assignment rate for the particular risk group, p < 0.01. 

AMI = acute myocardial infarction. O^er abbreviations as in Table 1. 

alternative to CABG for some patients with medically 
refractory myocardial ischemia and high risk of adverse 
outcome with CABG, to the subset with prior CABG 
(13,14). Additionally, the re^stiy data demonstrate that for 
the specific subset of patients with prior CABG surgeries, 
both our physicians and patients chose PCI by a 2:1 margin 
and among the patient-choice cohort a survival advantage 
with PCI was demonstrated. 

Numerous single-center and multicenter registries have 
documented that CABG carries a higher mortality and 
morbidity when it is applied to patients with one or more 
prior CABG surgeries than when it is applied to patients 
with no prior CABG (1-6). Largely in response to this 
need, PCI has been applied to this high-risk cohort (7-10). 
Despite the use of stents, the outcome of PCI in patients 
with prior CABG has also been worse than PCI among 
patients with no prior CABG (8-10). 

The 1999 update of the American College of Cardiology/ 
American Heart Association (ACC/AHA) guidelines for 
cardiac surgery emphasizes the high-risk nature of patients 
with prior CABG (1). The ACC/AHA guidelines empha
size the need for trials, which include stents, drugs, and 
modern myocardial protection (1). In its review of previous 
trials, the guideline emphasizes the following; inadequate 
sample sizes, which derive in part from inclusion of only 
lower risk patients viath inadequate event rates; short follow-
up; and combined end-points which include myocardial 
infarction (1). This report addresses these issues and con
stitutes the only attempt to prospectively randomize patients 
with one or more prior heart surgeries between revascular
ization alternatives. 

The primary usefuhiess of the physician-directed registry 
is in documenting what patient characteristics led our 
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physidans to fevor one option or the other. The patient-
choice registry, on the other hand, because it includes 
patients who were acceptable to both operators, documents 
the fectors that influence patients to favor one option or the 
other. The findings show that both physicians and patients 
preferred PCI by a 2:1 margin. Equally provocative, survival 
was uniformly higher with PCI, although statistically sig
nificant only for the patient-choice registry. 

This subset study dbmonstrates the primary problem 
encountered in the AWESOME trial, namely the <Uf[iculty 
in con\Tncing physicians or patients to permit random 
allocation of high-risk cohorts. Despite all the efforts 
involved in this nationwide trial, the majority of medically 
refiractory patients with prior CABG were allocated either 
by physician direction or patient choice. 

In conclusion, PCI may be the preferred revascularization 
strategy for many patients with one or more prior CABG 
surgeries. 

Reprint requests and coirespondence: Dr. Doug^ss A Morri
son, Director, Cardiac Catheterization Laboratory, Southern 
Arizona Veterans Affairs Healthcare System, Professor of Medi
cine and Radiology, University of Arizona, (111 C) SAVAHCS, 
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after coronary artery bypass graft surgery (CABG) among diabetics in the Veterans Affairs 
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randomi2»d trial and registry of hi^-risk patients. 

BACKGROUND Previous studies indicate that CABG may be superior to PCI for diabetics, but no 
comparisons have been made for diabetics at high risk for surgery. 

METHODS Over five years (1995 to 2000), 2,431 patients with medically refractory myocardial ischemia 
and at least one of five risk factors (prior CABG, myocardial infarction within seven days, left 
ventricular ejection fraction <0.35, age >70 years, or an intra-aortic balloon being required 
to stabilize) were identified. A total of 781 were acceptable for CABG and PCI, ana 454 
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physician-directed registry. The CABG and PCI survival rates were compared using 
Kaplan-Meier curves and log-rank tests. 

RESULTS The respective CABG and PCI 36-month survival rates for diabetic patients were 72% and 81% 
for randomized patients, 85% and 89% for patient-choice registry patients, and 73% and 71% for 
the physician-directed registry patients. None of the diflerences was statistically significant. 

CONCLUSIONS We conclude that PC! is a relatively safe alternative to CABG for diabetic patients with 
medically refractory unstable angina who are at high risk for CABG. (J Am Coll Cardiol 
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Randomized clinical trials comparing percutaneous coro

nary intervention (PCI) with coronary artery bypass graft 
surgery (CABG) have demonstrated comparable long-term 
survival (1-11) in most patient populations, vvith the im

portant exception of diabetics. The Bypass Angioplasty 

Revascularization Investigation (BARI) study (12,13) 

shovfed a significant and sustained survival benefit for 

CABG at five years in treated diabetics, and similar findings 

were noted in other randomized studies and large databases 

(2,14). These findings are reflected in current guidelines 

which favor CABG over PCI in most diabetics with two- or 

three-vessel coronary artery disease (CAD) who require 

revascularization (15,16). Such recommendations are not 
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Abbreviations and Acronyms 

AWESOME = Angina With Extremely Serious 

Operative Mortality Evaluation 
CABG = coronary artery bypass graft surgery 

CAD = coronary artery disease 

LVEF « left ventricular ejection fraction 

Ml " myocardial infarction 

PCI = percutaneous coronary intervention 

TIMI = Thrombolysis In Myocardial Infarction 

universally accepted becausc contemporary PCI, character

ized by widespread use of stents and glycoprotein Ilb/IIIa 

receptor blocking drugs, is more effective in diabetics than 

the balloon angioplasty techniques used in BARl. 

The choice of revascularization remains uncertain. Sev

eral studies have failed to demonstrate a survival benefit for 

CABG over PCI in diabetics (3,17). Even the BARl 

registry showed comparable survival for diabetics who chose 

PCI over CABG (18). The choice of revascularization for 

diabetic patients who are at high risk for CABG is also 

uncertain. These patients might have equivalent or superior 

outcomes with a less invasive PCI procedure. The recently 

concluded, Angina With Extremely Serious Operative 

Mortality Evaluation (AWESOME), was a randomized 

clinical trial of PCI versus CABG among patients with 

medically refractory ischemia who were at high risk for 

CABG because of one or more of the follovving high-risk 

factors: prior heart surgery; myocardial infarction (Ml) 

within seven days; left ventricular ejection fraction (LVEF) 

<0.35; age >70 years; intra-aortic balloon being required to 

stabilize (19,20). Eligible patients who were deemed by 

study physicians to be suitable for both CABG and PCI 

were asked to partidpate in the randomized trial. Eligible 

patients who were acceptable to study physicians for either 
CABG or PCI but who refused to be randomized were 

entered into a prospective patient-choice registry. Eligible 

patients who were directed by physicians not to participate 

were entered into a physician-directed registry. This article 

reports the outcomes of the high-risk diabetic patients in 

the randomized clinical trial and the physician-directed and 

patient-choice registries of the AWESOME study. 

methods 

The AWESOME was a nationwide, prospective, random

ized clinical trial designed to compare CABG and PCI 

survival for patients with medically refractory unstable 

angina and at high risk of adverse outcomes with CABG. 

Patients were enrolled at 16 Veterans Affairs medical 

centers over a five-year period (1995 to 2000). The AWE

SOME protocol, baseline characteristics, and survival for 

the randomized patients have been previously reported 
(19,20). 

Screening identified 2,431 clinically eligible patients who 

Talii* 1, Baseline Characteristics of Randomized and Registry 
Diabetic Patients 

Baseline Random Regis try 
Physician-
Directed 

Patient 
Choice 

Patients (n) 144 614 525 89 
Age > 70 yrs {%) 51 53 54 51 
Prior PCI (%) 20 18 18 19 
Prior CABG (%) 34 43* 43 39 
Prior MI (%) 58 56 55 63 
MI < 7 days (%) 33 31 30 37 
LVEF < 0.35 (%) 17 20 20 19 
CHF(%) 9 14 15 7 

Prior stroke (%) 10 13 13 11 
Hypertension (%) 79 80 80 82 
Smoker (%) 28 21 20 23 
Vessels 

Two-vessel (%) 40 34 33 411: 
Thrce-vesse! (%) 46 51 54 38 

TIMI no flow (%) 41 55t 57 49 

Statistically signi6cant diffcrcncc between random and rcgistiy: *p < 0.05, tp < 0.01. 
Statistkally significant difference between physician-directed and ptient choice: ^p < 
0.05. 

CABG ® coronary arteiy bypass graft surgery; CHF = congestivc heart failure; 
LVEF = left ventricular ejection fraction; MI = myocardial infarction; PCI -
percuUt^eous coronary ii\icrvrnwoi\;TlMl — Thrombolysis In Myocardial Infarction 

trial. 

met the three criteria (medically refractory, unstable angina, 

at least one additional high-risk factor). Medically refractory 

was defined as anginal symptoms despite aspirin and/or 

heparin and control of heart rate and blood pressure as 

previously described (19). Unstable angina was defined as 

rest angina with electrocardiographic changes or known 

CAD; recurrent rest angina; or stabilized rest angina with a 

subsequent positive stress test. High risk for CABG was 

defined as age >70 years, one or more prior open-heart 

operations, LVEF <0.35, MI within seven days, or intra-

aortic balloon pump necessary. The diagnosis of MI re

quired hospitalization and cardiac enzyme or troponin 

elevation. After coronary angiography had been reviewed by 

both interventional cardiologist and surgeon, 781 (32%) 

who were acceptable to both operators as candidates for 

CABG or PCI were approached for informed consent, and 

454 (58%) consented to a randomized choice of revascular

ization. Randomization was stratified by age and prior heart 

surgery. The 327 patients who refused random allocation 

were entered into a patienl-choice registry. The 1,650 
patients for whom physician consensus would not allow 

random assignments were entered into a physician-directed 

registry. Patient data, including the presence or absence of 

diabetes, were entered by the study nurses into an interactive 

data management system as previously described (19). 

Statistical analysis. Differences in baseline variable fre

quencies were judged by clii-square tests. Long-term sur

vival was measured by Kaplan-Meier survival estimates, 

which were plotted. The statistical significance of global 

differences between survival curves was judged by log-rank 

tests. Differences between CABG and PCI 36-month 
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Tai)le 2. Baseline Characteristics of Randomized and Registry Diabetic Patients by 
Revasculariz^ion 

Random Physician^Directcd Patient Choke 

CABG PCI CABG PCI CABG PCI 
Baseline 

II (n = 65) (n = 238) (n = 194) (n = 20) (n = 65) 

(%) {%) (%) (%) (%) (%) 

Age > 70 yrs 56 46 67 41t 70 43' 
Prior PCI 22 19 12 28t 30 17 
Prior CABG 39 28 18 64t 30 43 
Prior MI 57 60 51 62t SO 66 
MI < 7 days 29 37 33 27 30 38 
LVEF < 0.35 41 42 43 42 51 45 
CHF 13 5 13 18 10 6 
Prior stroke 10 10 12 15 10 12 
Hypertension 77 82 80 79 85 80 
Smoker 30 26 21 18 23 25 
Vessels 

Two-vessel 35 45 33 32* 67 31* 
Three-vessel 54 40 61 50 27 44 

TIMI no flow 48 34 44 61' 47 51 

Statisticaily significant difference between CABG and PCI: *p < 0.05, tp < 0.01. 
Abbreviations as in Table 1. 

survival were computed along with z tests of the differences. 

All comparisons of randomized patients are based on 

intention to treat. 

results 

Patients treated with either insulin or oral hypoglycemic 
drugs were classified as diabetic for the purposes of this 

study. Among the 144 randomized diabetic patients, 79 

were assigned to CABG and 65 to PCI. Among the 525 

physician-directed diabetic patients, 238 were selected for 

CABG, 194 for PCI, and 93 received medical care. Among 

the 89 patient-choice diabetic patients, 20 chose CABG, 65 

chose PCI, and four patients chose medical care. 

Table 1 presents baseline characteristics of randomized, 

all registry, physidan-directed, and patient-choice diabetic 

patients. The randomized and registry diabetic patients have 

similar baseline profiles except for prior CABG and Throm

bolysis in Myocardial Infarction (TIMI) no flow, which 

have higher rates in the registry, and the differences are 

statistically significant (chi-square; p < 0.05). The 

physician-directed and patient-choice patients have similar 

baseline profiles except for number of vessel diseases, which 

has a higher rate of three-vessel disease in the physician-

directed patients and for which the difference is statistically 

significant (chi-square; p < 0.01). 

Table 2 presents baseline characteristics of randomized, 

physician-directed, and patient-choice diabetic patients as

signed to CABG or PCI. The baseline characteristics of 

diabetic patients randomized to CABG or PCI are similar, 

and none of the differences is statistically significant. Both 

physician-directed and patient-choice patients assigned to 

CABG have significantly higher rates of older patients. 

Physidan-directed patients assigned to CABG have signif

icantly higher rate of three-vessel disease and lower rates of 

prior PCI, prior CABG, prior MI, and TIMI no flow 

Table 3. Short-Term CABG and PCI Outcomes of Diabetic Patients 

Randomized Physician-Directed Patient Choice 

CABG PCI CABG PCI CABG PCI 
Outcomes (n = 79) (n = 65) (n = 238) (n = 194) II 3

 

(n = 65) 

Revascularized 96% 100% 96% 99% 95% ' 100% 
Reccivctl CABG 90% 3% 96% 5% 85% 8% 
Received 

PCI 8% 100% 3% 98% 10% 98% 
Only CABG 89% 0% 93% 2% 85% 2% 
Only PCI 6% 97% 0.4% 96% 10% 92% 
CABG and PCI 1% 3% 2.5% 3% 0% 6% 

Survival to 

30 days 92% 97% 94% 94% 85% 100% 
6 nnonths 86% 91% 87% 86% 85% 97% 

CABG - coronary artery bypass graft surgery; PCI = percutaneous coronary intervention. 



170 

1558 S«dlUetjif, 
Pd V«r«tt« CABG in Higlt-Ritk Dial)«iic$ With Unttabia Angina 

JACCVol.40,No. 9, 2002 
November 6,2002:1555-66 

Taliia 4. CABG and PCI 36-Month Diabetic Patient Survival, 
Survival Free of Unstable Angina, and Survival Free of Unstable 
Angina or Repeat Revascularizations 

Outcome CABG PCI 
CABG-PCI 
Difference 

Standard 
Error 

Survival 
Randomized 72% 81% -9% 9% 

Physician-directed 73% 71% -2% 6% 

Patient choice 85% 89% -4% 11% 

Survival free of unstable 

angina 

Randomized 61% 61% 0% 14% 

Physician -directed 62% 44% 18% 10% 
Patient choice 72% 53% 19% 20% 

Survival free of unstable 
angina or repeat 

revascularization 
Randomized 54% 49% 5% 18% 
Physician-directed 59% 38% 21% 12% 
Patient choice 72% 46% 26% 22% 

Abbreviations as in Tabic 3. 

relative to physician-directed patients assigned to PCI. 

Patient-choice patients assigned to CABG have signifi

cantly lower rates of three-vessel disease and show lower 

rates relative to those assigned to PCI for prior CABG, 

prior MI, and TIMI no flow, but the differences are not 

statistically significant. The lower rate of prior CABG in 

both physician-directed and in patient-choice registries was 

also observed among the non-diabetic patients. This pattern 

may reflect the reluctance of physicians to operate on 

patients with a patent left internal mammary artery to the 

left anterior descending coronary artery. 

Table 3 presents short-term outcomes of randomized and 

registry patients assigned to CABG or PCI. The large 

majority of patients assigned to revascularization were re-

vascularized, and over 96% were revascularized as assigned 

(94% assigned to CABG received CABG; 98% assigned to 

PCI received PCI). Approximately 80% of the CABG 

patients received left internal mammary artery (78%, 78%, 

and 79% of the randomized, physician-directed, and 

patient-choice, respectively); the corresponding right inter

nal manmiary artery frequencies were 3%, 2%, and 0% for 

the randomized, physician-directed, and patient-choice, 

respectively. The CABG and PCI survival to 30 days and to 

six months did not differ significantly. Overall in-hospital 

mortality in the 324 diabetic patients treated by PCI did not 

differ significantly from the in-hospital mortality in the 337 

diabetics treated by CABG (4% vs. 7%). 

Table 4 presents 36-month CABG and PCI survival, 

survival free of recurrent unstable angina, and survival free 

of unstable angina or a repeated revascularization for the 

randomized, physician-directed, and patient-choice diabetic 

100 

Log-rank Test: p<*0.27 

Patlants (N) 
CABG 79 
PCI 65 

Survival (%) 
CABG 100 
PCI 100 

1 2 3 
years post-treatment 

68 59 43 
69 52 37 

81 
86 

78 
81 

72 
81 

22 
29 

72 
81 

12 
11 

68 
74 

Rgura Kaplan-Meier five-year survival curves of coronary artery bypass graft surgery (CABG) (circle) and percutaneous coronary intervention (PCI) 
(cross) for randomized patients. 
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(0 

Log-rank Tttt: psO.77 

0 1 2 3 4 5 
PaO«it*(N) years post-treatment 
CABG 238 205 186 129 88 38 
PCI 194 167 150 119 96 49 

Suivlval(%) 
CABG IOO 84 n 73 69 61 
PCI 100 83 to 71 66 59 

Figure 2. Kaplan-Meier five-year survival i i of CABG (circle) and PCI (cross) for physician-dirccted patients. Abbreviations as in Figure 1. 

75 

Uog-rankTesb p=0.73 

0 1 2 3 4 5 
years post-treatment 

CABG 20 20 17 17 12 6 
PCI 65 63 SI U 25 14 

SurvWat (%) 
CABG 100 84 78 73 69 61 
PCI ioo 83 80 71 66 59 

Figure 3. KapUn-Mcier fivc-ycar survival curvcs of CABG (circle) and PCI (crow) for the patienl-choicc cohort. Abbreviations as in Figure 1, 
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n > 
E 
3 
10 

SO 

25 
Lognrank Test: p=0.62 

0 1 2 3 4 5 
Paaents(N) years post-treatment 
CABG T» 62 4S 21 16 7 
PCI 65 47 27 22 11 2 

Suivival<%) 
CABQ 100 74 70 CI 61 61 
PCI 100 65 81 61 61 61 

Figure 4. Kaplan-Me'lcr curves of CABG (circle) and PCI (cross) five-year survival free of unstable angina for randomized patients. Abbreviations as in 
Figure 1. 

LooHnnkTMt: p^O.OOOl 

V 

0 1 2 3 4 5 
Patlmt* IN) years post-treatment 
CABG 236 192 139 66 47 6 
PCI 104 120 66 66 42 14 

Sutv(v(i(%) 
CABQ 100 n 70 62 57 43 
PCI 100 66 52 44 40 26 

Figliro S, Kaplan-Meier curves of CABG (circle) and PC! (cross) five-year survival free of unstable angina for physician-directcd patients. Abbreviations 
as in Figure 1. 
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Log-rank Test: p)̂ .46 

PatiMits(N) 
CABQ 20 
PCI 65 

SuivWal (%) 
CABG 100 
PCI 100 

12 3 
years post-treatment 

14 12 10 
49 32 IS 

78 
75 

72 
60 

72 
53 

6 
8 

S4 
S3 

<4 
53 

Hsure 6, Kaplan-Meier curves of CABG (circie) and PCI (cross) five-year survival free of unstable angina for the paticnr-cholcc cohort. Abbreviations 
as in Figure t. 

patients. The table also shows the CABG-PCI differences 

and the standard errors of the differences. 

Figures 1 to 3 present the five-year Kaplan-Meier survival 

curves and a global log-rank test of CABG versus PCI 

survival differences over the five-year period for randomized 

patients and the two registry cohorts. The CABG and PCI 

number of patients (N) for each time period are shown at 

the bottom of the plots. None of the three log-rank tests is 

statistically significant. 

Figures 4 to 6 present the five-year Kaplan-Meier survival 

free of unstable angina and a global log-rank test of CABG 

versus PCI survival differences over the five-year period for 

randomized patients and the two registry cohorts. The 

CABG and PCI number of patients (N) for each time 
period are shown at the bottom of tlic plots. The log-rank 

test for the physician-directed cohort is statistically signifi
cant (p < 0.0001). 

Figures 7 to 9 present the five-year Kaplan-Meier survival 
free of unstable angina and repeat revascularizations and a 

global log-rank test of CABG versus PCI survival differ

ences over the five-year period for randomized patients and 

the two registry cohorts. The CABG and PCI number of 

patients (N) for each time period are shown at the bottom 

of the plots. The log-rank test for the physician-directed 

cohort is statistically significant (p < 0.0001). 

Table 5 shows the percent of diabetic patients allocated to 

CABG overall and for selected high-risk subsets. The 

percent allocated to PCI is the complement of the percent 

allocated to CABG. For example, the 55% of all physidan-

directed diabetic patients allocated to CABG implies that 

the remaining 45% were allocated to PCI. Table 5 shows 

that the choice of CABG differs greatly between the two 

registry cohorts (55% in physician-directed vs. 24% in 

patient-choice). The difference between these two cohorts is 

large and statistically significant (p < 0.01). Table 5 also 

shows how the presence of other high-risk factors influences 

the choice of revasculariiation within the two registry 

cohorts. Within the physician-dirpcted cohort, 77% of the 

age >70 patients were allocated to CABG versus 44% for 
ihc younger patients. This large and statistically significant 

difference suggests that physicians favor CABG over PCI 

for older patients. Physicians appear to favor PCI over 

CABG for patients with prior CABG or prior PCI. The 

other high-risk factors do not appear to change preferences 

in the physician-directed cohort. Among the patient-choice 

cohort, older patients are more likely to receive CABG than 

younger diabetic patients (33% vs. 14%), but both age 

groups favor PCI over CABG. The other high-risk factors 

do not appear to change patient preference for PCI in the 

patient-choice cohort. 
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Figure 7. Kaplan-Mcicr curvcs of CABG (circle) and PCI (cross) fivc-ycar survival free of unstable angina and repeat revascularizations for randomized 
patients. Abbreviations as in Figure 1. 

discussion 

The outcome of diabetic patients in the AWESOME 

randomized trial and registry suggests that PCI is a reason

able option for diabetics with two- or three-vessel CAD and 

medically refractory angina who are at risk for adverse 

outcomes with CABG because of prior CABG, recent MI, 

poor left ventricular function, age >70, or instability neces

sitating intra-aortic balloon pump (19-21). There is no 

survival advantage with CABG, but there is less recurrent 

unstable angina and the need for repeat revascularization 

with surgery. 

Diabetes is associated with adverse outcomes for both 

CABG and PCI (17). Operative mortality for CABG is 

higher for diabetics than for non-diabetics (22-29), and 
diabetes is an important risk factor for the development of 

serious postoperative complications, including renal failure 

and sternal wound infection (30-33). Complications of 

CABG in diabetics result in a significant clinical and 

economic burden (34-38), underscoring the importance of 

alternative therapies for diabetic patients, especially for 

diabetic patients at high risk for CABG. Unfortunately, 

mortality for PCI is also higher for diabetics than for 

non-diabetics (39-45), and restenosis rates are significantly 

higher for diabetics than for non-diabetics (with restenosis 

rales for balloon angioplasty approaching 50%). Previously 

reported data do not provide support for either CABG or 

PCI as an initial strategy for diabetics v«th multivessel 

CAD who are at high risk for adverse outcomes with 

CABG. 

There are important differences between the AWE

SOME study and earlier studies such as BAR! and the 

Emory Angioplasty Surgery Trial (EAST) which showed a 

benefit for CABG in diabetics. The AWESOME study 

enrolled patients at higher risk for adverse outcomes with 

CABG than were enrolled in BARl and EAST. For 

example, patients with prior CABG were excluded from 

BARI and EAST. This may have had an important influ

ence on the outcome of the study. A recent analysis of 
mortality in the BARI study showed that approximately 

50% of the survival benefit for CABG in the diabetic 

patients could be explained by a lower mortality during 

Q;wave Ml. In contrast, there was no difference in the 

incidence of Qjwave MI between diabetics undergoing 

CABG or PCI (46). Although Q;wave MI was relatively 

rare in diabetics enrolled in the study (8% incidence in 

five-year follow-up), the mortality rate strildngly was sev

enfold higher in diabetics randomized to angioplasty com

pared with CABG (46). Importantly, this survival benefit 
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0 1 2 3 4 5 
Patient* (N) year  ̂post-treatment 

CABG 238 184 132 83 45 8 
PCI 1M 10« 77 H 34 11 

Survival (%) 
CABQ 100 7< 67 59 64 43 
PCI 100 SI 4« 31 35 23 

Figur« 8. Kaplan-Meier curves of CABG (circle) and PCI (cross) five-year survival free of unstable angina and repeat revascularizations for 
physician-directed patients. Abbreviations as in Figure 1. 

100 

Log-rank Test p==0.19 

0 1 2 3 4 5 
PaUanta (N) years post-treatment 
CABG 20 14 12 10 6 5 
PCI 65 43 28 13 6 3 

Survival (%) 
CABG 100 78 72 72 64 64 
PO 100 67 63 46 46 46 

Figure 9. Kaplan-Meier curves of CABG (circlc) and PCI (cross) five-year survival free of unstable angina and repeat revascularizations for the 
patient-choice cohort. Abbreviations as in Figure 1. 
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TiIiIa S. Percentage Allocation to CABC Among Randomized, 
Physician-Directed, and Patient-Choice Diabetic Patients by 
High-Risk Baseline Subsets 

High-Rtsk Subset 
Rftndoinizfid 
(n = 144) 

Physician-
Directed 

(n = 432) 

Patient 
Choice 

(n = 85) 

AU diabetics (%) 55 55 24 
Age >70 (%) 60 77t 33* 
Age <70 (%) 50 40 14 

Prior CABG (%) 63 25+ 18 
No prior CABG (%) 51 74 28 
MI < 7 days (%) 49 60 19 
No MI < 7 days (%) 58 53 26 
Prior MI (%) 54 50t 18 
No prior MI (%) 57 61 27 
LVEF < 0.35 (%) 60 52 24 
LVEF > 0.35 {%) 54 56 24 
lABP (%) 50 44 ' 0 
NoIABP(%) 55 56 24 
Prior PCI (%) 59 35t 35 

No prior PCI (%) 54 60 21 
Prior CHF {%) 77 49 33 

No prior CHF (%) 53 56 23 

Sutisticaliy significant diffcrcncc between overall and risk group percent allocation to 
CABG: 'p < 0.05, tp < 0.01. 

IA6P = intra-aortic balloon pump. Other abbreviations as in Table 1. 

balloon-abciximab (SO). The combined six-tnonth rate of 

death, Ml, or target-vessel revascularization occurred in 

25,2% of stent-placebo, 23.4% of balloon-abcixittiab, and 

only 13.0% of stent-abciximab patients in that study (p = 

0.005). The one-year mortality rate for diabetics in 

EPISTENT was 4.1% for stent-placebo and 1.2% for 

stent-abciximab patients (p = O.ll). In the AWESOME 

study, overall use of stents v^as 54% and overall use of 

glycoprotein IIB/IIla antagonists was 11% (20,21). 

The outcome of diabetic patients randomized between 

April 1997 and June 1998 to either CABG or PCI with 

stenting in the Arterial Revascularization Therapy Study 

(ARTS) trial has been recently published (50). In that study, 

event-free one-year survival in diabetics treated with stent
ing was 63.4% compared with 84.4% with CABG (p < 

0.001). In contrast, there was no difference in outcomes at 

one year among non-diabetics. Importantly, ARTS ex

cluded all patients with prior CABG, MI within one week, 

ejection fraction <30%, and prior stroke. Thus the findings 

of ARTS cannot be extrapolated to the high-risk population 

enrolled in AWESOME. Furthermore, the long-term out

come of diabetics enrolled in ARTS is still unknown. 

for CABG was almost entirely limited to patients who 
received at least one internal mammary artery graft (46). 

These findings have therapeutic implications. Firstly, dia

betic patients with prior CABG (especially those with 

durable patent internal mammary grafts) might be expected 

to retain a survival benefit from their first operation and so 

conceivably would have less benefit from a re-operation 

compared vrith the benefit of angioplasty. This hypothesis 

was not tested in BARI because all patients with prior 

CABG were excluded from the trial. Secondly, the outcome 

of MI in diabetics has improved in rccent years (even in very 

high-risk groups) as a result of intensive therapy with 
angiotensin-converting enzyme inhibitors (47), insulin (48), 

and early revascularization (49). These advances in therapy 

of MI would be expected to narrow the difference in survival 

between diabetics with CAD treated by an initial strategy of 

CABG or PCI. 

Another major cause of the difference between the 

outcomes in the BARI study and the outcomes that can be 

expected today with PCI in diabetics is the widespread use 

of stents and glycoprotein Ilb/IIIa receptor blockers in 
contemporary practice. The BARI study enrolled patients 

between 1988 and 1991, and balloon angioplasty was the 

only procedure performed in patients randomized to the 

PCI arm of BARI. It has now been recognized that stents 

and glycoprotein Ilb/lIIa receptor blockers reduce restenosis 

and long-term mortality in diabetics with multi-vessel 

disease. Diabetic patients were a prospectively defined 

subset in the multicenter Evaluation of Platelet Ilb/IIIa 

Inhibitor for Stenting Trial (EPISTENT) in which patients 

were randomized to stent-placebo, stent-abciximab, or 
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APPENDIX B 

TABLES OF THE WORLD'S LITERATURE OF MEDICAL THERAPY OF 
CORONARY ARTERY DISEASE (CAD) VERSUS EITHER FORM OR 

REVASCULARIZATION (CABG OR PCI) 

Taken from: Morrison DA, Sacks J: Balancing benefit against risk in the choice of 
therapy for coronary artery disease. Lessons from prospective, randomized, clinical 
trials of percutaneous coronary intervention and coronary artery bypass graft 
surgery. Minerva Cardioangiologica 2003;51;1-13. 

And from Morrison DA, Sacks J, Henderson WG, Sethi G: The AWESOME Trial; 
chapter 16; pp217-233 in Morrison DA, and Serruys PW: High-risk Cardiac 
Revascularization and Clinical Trials. Martin Dunitz, London 2002.) 

Table 1; Randomized Clinical Trials of Medical Therapy Versus CABG 

Table 2: Randomized Clinical Trials of Stable Coronary Artery Disease Patients 
receiving Medical Therapy Versus PCL 

Table 3: PCI versus CABG Randomized Clinical survival trials; pre-stent/ pre 
Glycoprotein Ilb/IIA Inhibitor/ pre 'Dual Antiplatelet therapy'. 

Table 4: Non ST-elevation Myocardial Infarction/ Unstable Angina Strategy Randomized 
Clinical Trials 

Table 5: Acute ST-elevation MI PCI versus Thrombolytic Randomized Clinical Trials 
(adapted from Keeley EC, Boura JA, Grines CL: Lancet 2003;361:13-20). 

Table 6: PCI versus CABG Randomized Clinical Trials in the 'stent-era' 
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Table 1. Randomized Clinical Trials of Medical Therapy Versus CABG 

Trial n 
Major Primary 
Outcome Result Exclusions 

Subgroups with 
Survival benefit 

Stable Angina 
VA Cooperative Study 
1972-74 686 survival 

European Cooperative 
1973-76 768 survival 

no difference Recent MI 
MI 
CHF 

CABG better LVEF<.50 
Left main 

CASS 
NIH 1975-79 780 5 year survive no dif£ Left mam 

Unstable Angina 
NHLBI 
NIH 1972-76 288 30 mon. survival no diff. Left main 

Left main, 3-vessel 
LVEF<.50 
Severe LV dys. 

Improved Ischemia: 
proximal LAD +ECG 

3 vessel CAD 

3 vessel CAD 
LVEF<.30 

VA Cooperative Study 
1976-78 468 5 year survival no diff. Left main 3 vessel CAD 

LVEF<.30 

Observations: 
• Few patients assigned to medical therapy in the 1970's trials received aspirm; beta-

blocker use was high but inconsistent; statins, 
ACE-I, thienopyridines were unavailable and unproven efficacy. 

• Exclusions included: recent MI, hemodynamic instability, significant comorbidity 
(puknonary, cerebral, renal, peripheral vascular, hematologic) and prior CABG. 

• Few surgical patients received internal mammary arteries and modem 
cardioprotection and off-pump were xmavailable. 

• PCI was not an option. 
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Table 2. Randomized Clinical Trials of Stable Coronary Artery Disease Patients 
Receiving Medical Therapy Versus PCI. 

Major 

Trial n Outcome Result Caveats/Comments 
ACME 
1987-90 

ACME 
1987-90 

RITA-2 
1992-96 

AVERT 
stents 
1995-96 

212 Exercise tolerance PCI better 

101 Exercise tolerance no difference 

1018 Death or MI PCI better 
PCI had less angina 

ACIP 
1991-93 
better event free survival 

341 Any ischemic no difference 

25 % of PCI with no lipid lowering 

558 2-year mortality no difference 

pre-stent 

pre-stent 

9 % with stents 

39 % of PCI with 

MASS 
199-

214 Event-free survival CABG 

CABG or PCI 
Revascularization 

Angina-guided; 
Ischemia-guided 

revascularization 

CABG or PCI 
Patients with LAD 

only 
Observations: 

• For the most part, these studies only included low-risk patients, and demonstrated 
relatively little benefit from revascularization. 

• Medical management was not optimal for the time most were conducted. 
• Medical therapy has improved significantly since all of these trials were 

completed. 
• PCI outcomes have improved since these trials were completed. 



Table 3. PCI Versus CABG Survival Trials; Pre-Stent/ Pre Glycoprotein Ilb/IIA Inhibitor/ Pre 'Dual Antiplatelet Therapy'. 

2-3 Angina Survival Mortality 
Trial screenedenrolled Age LVEF MI Diabetes vessel Grade 3/4 Period PCI CABG 
BARI 
1988-91 

12,530 1829 
(15%) 

61 .57 55 25% 100% 64% 5 year 14 % 11% 

CABRI 
1988-93 

23,047 1054 
(5%) 

60 .63 42 12% 98% 62% 1 year 4% 2% 

EAST 
1987-90 

5118 392 
(8%) 

62 .61 41 23% 100% 80% 3 years 7% 6% 

GABI 
1986-91 

8,981 359 
(4%) 

59 .56 47 13% 100% - 1 year 2% 5% 

RITA 1 
1989-91 

27,975 1011 
(4%) 

57 - 43 6% 55% 59% 2.5 yrs 3% 4% 

ERACI 1 
1988-90 

1409 127 
(9%) 

57 .61 50 11% 100% 100% 1 year 5% 5% 

MASS I 
1988-91 

142 56 .75 0 23% 0% - 3 years 1 % 1% 

Lausanne 134 56 - - 12% 0% 78% 

Toulouse 152 67 38 13% 100% 53% 
Observations: 

• All studies excluded stents, glycoprotein Ilb/IIIa inhibitors, or 'dual antiplatelet therapy'. 
• All studies excluded patients with MI within 5 days, prior CABG or who required emergency revascularization. 
• Some studies excluded: total occlusions (GABI), >2 total occlusions (EAST, ERACI I), >2 cm length (i.e. GABI) 
• Fimctional exclusions included in some cases ">50% of LV potentially involved in the event of abrupt occlusion " (GABI). 



Table 4. Non ST-Elevation Myocardial Infarction/ Unstable Angina Strategy Trials 

Trial 
Number 
Patients 

Stratesv 

Conservative Invasive 

Death or MI 6-12 Months 

Conservative Invasive 

Death 6-12 Months 

Conservative Invasive 
TIMI-nib 
1989-92 USA 

1473 50% 63% 12% 11% 

VANQWISH 
1993-96 US VA 

920 33% 44% 14% 23% 8% 14% 

FRISC-II 
1996-98 Scandinavia 

2457 9% 71% 14% 10% 4% 2% 

TACTICS-TIM 18 
1997-99 USA 

2200 36% 61% 10% 7% 4% 3% 

RITA-3 
1997-2001 UK 

1810 10% 44% 8% 8% 4% 5% 

Observations: 
• Trials with the biggest difference between death and M, or death, MI and rehospitalization and/or revascularization (FRISC II, TACTICS-TIMI 18,  

and RITA 3) were not only more recent and included more current adjunctive pharmacotherapy, but also had bigger differences in the proportions 
undergoing both coronary angiography and revascularization between strategies. 

• Multivariate analysis of TIMI-IIIb yielded 4 variables which identified high-risk subset which did benefit from early invasive strategy: age>65; ST 
depression at presentation; 'complicated angina'; elevated CPK-MB. 

• Both FRISC II, and TACTICS-TIMI18 demonstrated benefit in death and MI reduction only among patients with elevated troponin on 
presentation. 

• Both FRISC II and TACTICS-TIMI 18 confirmed highest reductions among older patients with diabetes, prior MI, and ECG ST depression as well 
as troponin elevation. 

• All of these fectors are also predictors of adverse outcome; accordingly, the 'revascularization paradox' is supported by these data in aggregate. 



Table 5. Acute ST-Elevation MI PCI Versus Thrombolytic Trials (adapted from Keeley EC, Boura JA, 
Grines CL: Lancet 2003;361:13-20) 

First Author Number Death Total Stroke 
PCI Lytic Lytic Stent GP2b/3a PCI Lytic PCI Lytic 

Zilstra 152 149 SK No No 1% 7% 0.7% 2% 
Ribeiro 50/ 50 SK No No 6% 2% 0 0 
Grinfeld 54 58 SK No No 9% 14% - -

Zilstra 47 53 SK No No 2% 2% 2% 4% 
Akhras 42 45 SK No No 0 9% - -

Widimsky 101 99 SK Yes No 7% 14% 0 1% 
DeBoer 46 41 SK Yes No 7% 22% 2% 7% 
Widimsky 429 421 SK Yes Yes 7% 10% -

DeWood 46 44 Duteplase No No 7% 5% - -

Grines 195 200 TPA3hr No No 3% 7% 0 4% 
Gibbons 47 56 Duteplase No No 4% 4% 0 0 
Ribichini 55 55 Acc. TPA No No 2% 6% 0 0 
Garcia 95 94 Acc. TPA No No 3% 11% - -

GUSTO IIB 565 573 Acc. TPA No No 6% 7% 1% 2% 
LeMay 62 61 Acc. TPA Yes Yes 5% 3% 2% 3% 
Bonnefoy 421 419 Acc. TPA Yes Yes 5% 4% 0 1% 
Schomig 71 69 Acc. TPA Yes Yes 4% 7% - -

Vermeer 75 75 Acc. TPA Yes No 7% 7% 3% 3% 
Andersen 790 782 Acc. TPA Yes NA 7% 8% 1% 2% 
Kastrati 81 81 Acc. TPA Yes Yes 3% 6% 1% 1% 
Aversano 225 226 Acc. TPA Yes Yes 5% 7% 1% 4% 
Grines 71 66 Acc. TPA Yes Yes 8% 12% 0 5% 
Hochman 152 150 Acc. TPA Yes Yes 47% 56% 3% 1% 

Observations on ST-elevation MI trials; 
• In aggregate, overall mortality, cardiovascular mortality, stroke, and recurrent MI are reduced by PCI versus medical therapy. This is powerful 

evidence for the revascularization paradox. 
• Part of the relative success of PCI, in 'the real world' is the concomitant thrombolytic paradox, namely that patients most likely to benefit from 

thrombolytics are denied therapy because of the perception of risk. 
• PCI is the revascularization method for >80% of the patients who go to the cardiac catheterization laboratory. 



Table 6. PCI Versus CABG Trials in the 'Stent-Era'. 

Trial Screened Age LVEF Prior Diabetes 2-3 Unstable Exclusion Death 
Enrolled MI Vessel Angina Follow-up PCI 

n (%) CABG 
ARTS 1205 61 .60 44% 17% 98% 37% LVEF<.30 1 year 6% 
1997-98 3% 
SoS 988 62 .57 45% 14% 100% 24% MI< 48 hrs 2 years 5% 
1996-99 3-6% 2%* 

(median) 
MASS II 
2000 

611 60 .68 44% 30% 0 Only single 
vessel LAD 
included 

1 year 
1% 

2% 

ERACI II 5619 61 29% 17% 95% 92% 25 month 1% 
1996-98 16% 4% 
AWESOME 2,431 67 .45 71% 33% 82% 100% Only 3 year 20% 
1995-2000 19% 

of clinically 
eligible) 

'medically 
refractory' 
included 

21% 

Observations: 
• All, except ERACIII, excluded unprotected left main. 
• All, except AWESOME, excluded prior CABG. lABP required, and on-going or very early post-MI. 
• Only AWESOME mandated any definition of 'medically refractory'. 
• Average time between randomization and treatment; in ARTS (28 days for CABG/11 days for PCI). 
• Although 2 year all-cause SOS mortality were 'different', 9/22 PCI deaths were cancer-related. 
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APPENDIX D 

GLOSSARY OF MEDICAL AND EPIDEMIOLOGICAL TERMS 

Abrupt Closure: the occurrence of new, severe, reduced flow (TIMI grade 0 or 1) within 
the target vessel that persists and requires rescue by non-assigned treatment strategy, 
including CABG, or resulted in myocardial infarction and/or death. Abrupt closure must 
be associated with dissection, thrombus or spasm. "No-reflow" (due to microvascular 
flow obstruction) is not abrupt closure. 

Absolute change: the numerical difference between 2 numbers, as in change from 
baseline. 

Absolute frequency: the number of occurrences of a specified event. 

Absolute risk: the number of events divided by the number of individuals at risk of the 
event. 

Absolute risk difference: risk in control group - risk in intervention group 

Example CABG PCI 
Died a b 
Survived c d 
Total a+c b+d 

a/(a +b) - c/(c+d) 

number needed to treat = 1/absolute risk difference 

Acceptance error: the error of accepting a null hypothesis, when the null hypothesis is 
false; also called a Type II error. In AWESOME, this is a major concern, namely that we 
simply did not have an adequate sample size to detect a difference in survival between 
CABG and PCI, and we therefore accepted the null hypothesis of no difference between 
the CABG and PCI survivals, whereas had we enrolled a larger sample (say if more of 
the physician-directed patients wee allowed to have been randomized, and more of the 
eligible subjects had been willing to accept random allocation) perhaps they would have 
been different. 
Acute Coronary syndrome (ACS): myocardial ischemia of acute onset; includes ST 
elevation and non-ST elevation myocardial infarction and unstable angina. 

Acute Clinical Success: composite of anatomical and procedural success with relief of 
signs and symptoms of myocardial ischemia. 
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Acute Procedural Success: Angioplasty accompanied by angiographic success and 
freedom from min-hospital major adverse cardiac events (MACE), including death, 
myocardial infarction (MI), emergency CABG 
Adaptive design: study procedures that change as the study progresses. This is usually 
applied to randomization methods, which did not change in AWESOME. On the other 
hand, AWESOME was a comparison of surgical and interventional 'strategies' and 
components of theses strategies did change over time. For example, stent use was 11% in 
the first year, 88% m the last 2 years and 54% overall for the PCI arm of the trial. 

Alpha: (•) the probability of making a Type I, or rejection, error. 

Alternative hypothesis (Hi): the point of interest in any study. The null hypothesis 
typically specifies no difference in the parameter of interest, whereas the alternative 
states a difference of interest. In AWESOME, the primary endpoint was long-term 
survival, and the alternative hypothesis was that CABG and PCI 3-year survival would 
have a difference of at least 7%. The sample size calculation of 700 randomized patients 
was designed to provide a power of 80% with an alpha of 5%. 

Analysis of Covariance (ANCOVA): the analysis of covariance compares the means of 
some quantitative variable in 2 or more groups, like ANOVA, while simultaneously 
taking into accoxont (adjusting for) one or more covariates. 

Analysis of Variance (ANOVA): significance test for comparing the means of a variable 
for more than 2 groups; it is an extension of the t-test, which compares the means of 2 
independent groups. ANOVA weights the total variability in an outcome of interest and 
divides it into a within group component and a between groups component, where each 
of these components is further divided by the appropriate degrees of freedom; the null 
hypothesis assumes no difference between these groups, so the F test (variance ratio test), 
or ratio of within and between group variability should equal 1 

Analysis strategy: In AWESOME, this includes the decisions to use 'intention-to-treat' 
analysis; frequentist, as opposed to Bayesian inference; 'non-parametric', Kaplan-Meier 
curves and log-rank, comparison methods; 
Anatomic or Angiographic Success: Enlargement of the lumen of the target artery with 
balloon or device such that residual stenosis or narrowing is <50% cross-sectional 
diameter and TIMI Grade 3 flow is present; with stents residual stenosis of <20% is 
usually required. 

Angina: A historic diagnosis of chest pain or pressure, which is elicited by exertion or 
"stress" and relieved by rest or nitrates. In a middle-aged or older male it is associated 
with coronary artery disease in over 90% of cases. 
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Angiotensin-converting enzyme inliibition: a category of drugs which block the action 
(inhibit) of angiotensin-converting-enzyme, and thereby decrease the production of 
angiotensin I and angiotensin II and increase the formation of bradykinin. These 
substances have multiple effects, among which are; profound vasoconstriction by 
angiotensin 11, and vasodilatation by bradykinin. 

Benazepril 
Captopril 
Enalapril 
Fosinopril 
Lisinopril 
Quinapril 
Ramipril 
Trandolopril 

Anticoagulant therapy: category of drugs involved in blocking the coagulation, or 
clotting systems of human blood. 

See also heparin (indirect thrombin inhibitor) and direct thrombin inhibitors, such 
as argaatrogan, bivalirudin, or lepirudin. 

Antiplatelet therapy: a category of drugs which interfere with platelet adherence, 
activation, and/or aggregation; as such, they interfere with thrombus (clot) formation, 
particularly in the arterial circulation. 

Aspirin 
Clopidogrel (thienopvridine) 
Ticlopidine (thienopvridine) 

Ascertainment bias: bias caused by the way in which data are collected. In AWESOME, 
the primary reason not to include myocardial infarction as an endpoint was the concern 
over ascertainment bias; specifically surgeons rarely draw cardiac enzymes or obtain 
electrocardiograms, after CABG, arguing that the surgery itself will cause some 'leak' 
whereas medical staff are always obtaining enzymes and ECGs, after PCI looking for 
'complicating infarcts' 

Assumption: a necessary condition for using various methods. For example, many 
statistical tests are valid only if applied to random samples; accordingly deviating fi-om 
the intention-to-treat principle by analyzing only randomized subjects who received their 
assigned treatment would violate one of the assumptions of t-test and chi-square 
comparisons of baseline demographics. 
Common assumptions of, so-called parametric methods include; 
Normality of the distribution of variables analyzed. 
Independence of the observations. 
Constant variance or homoscedasticity. 
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Attrition: losses, such as loss of patient data, for example, from patients moving or 
getting care elsewhere. One of the extraordinary strengths of AWESOME is the 
Beneficiary Index Relocator Subsystem (BIRLS), a nationwide computer registry of the 
payment of Veterans death benefits. This registry, which has been shown to be >90% 
accurate for the death of any US Veteran, allows us to obtain data referable to the 
primary endpoint (survival) regardless of whether the Veteran moves, obtains care 
outside the VA, etc. Accordingly, there is little attrition with regard to the primary 
endpoint. 

Atypical chest pain: Chest pain or pressure, which is not reliably elicited by exertion or 
emotional stress and not reliably relieved by rest or nitrates. It may or may not be 
affected by breathing or sternal pressure. In a middle aged or older male, it has about a 
50% pre-test probability of coronary artery disease. 

Autonomic nervous system: part of the integrating and coordinating system of the body; 
the nervous system signals the release of hormones which exert control on various, 
largely circulatory, parameters. This system is broken into 2 major components, 
sympathetic (or adrenergic) and parasympathetic. In turn, the sympathetic nervous system 
includes alpha and beta components, beta is fiirther subdivided into beta one and two: 

•-adrenergic largely vasoconstriction 
• i^-adrenergic myocardial contractility and increased heart rate 
•2-adrenergic bronchodilation, vasodilatation 

The parasympathetic system is mediated largely by output from the vagus nerve. 
For each of these components, there are stimulatory drugs (agonists), and inhibitory drugs 
(antagonists). 
Examples: Agonist drug Antagonist drug 

n phenylephrine regitine 
Di isoproterenol metoprolol 
•2, norepuienphrine salbutamol 
•2 +•? epinephrine propranolol 
paras vmpathetic acetylcholine atropine 

Baseline characteristic: a measurement made on each patient at the beginning of the 
study, that is, as close as possible to the time of randomization. In AWESOME, many of 
the baseline measurements come from the diagnostic catheterization which proceeded 
random allocation to one of the 2 revascularization strategies. 

Beta (•): the probability of making a Type II, or acceptance error. 

Beta-blocker therapy (•-blocker): 
Atenolol largely • 1 selective 
Carvedilol some •{, ^2, and • blocking 
Metoprolol largely • i selective 
Propranolol both Di and •a 
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Bias: any systematic error in the design, conduct, or analysis of a study that results in a 
mistaken estimate of an exposure's effect on the risk of a disease, or the estimate of 
intervention's effect on outcome. 

Exclusion bias: If different eligibility criteria are applied to cases and 
controls or exposed and nonexposed individuals, which results in different assessment of 
exposure and risk of disease, this association results from exclusion bias. 

Information bias: If the means of obtaining information about study subjects 
are inadequate so that some of the information about exposure or disease is incorrect, 
information bias may occur. 

Types and sources of information bias; 
Bias in abstracting records 
Bias in interviewing 
Bias from surrogate interviews 
Surveillance bias 
Recall bias 
Reporting bias 

Selection bias: If the way in which cases or controls, or exposed and nonexposed 
subjects, were selected is such that a spurious association between exposure and disease 
is observed, the apparent association is a result of selection bias. 

Bifurcation lesion: atherosclerotic narrowing at the branch point of 2 or more daughter 
vessels 

Binary outcome: A variable that can take only one of two values, such as alive or dead. 
In AWESOME, we could look at binary survival at one point in time, but that would 
eliminate much of the information that we obtain from looking at svirvival as a function 
of time using survival analysis methods. 

Blind: literally, not being able to see; in a study, not being aware of the treatment 
allocation (control versus 'active') 

Single blind refers to the patient's not being aware of whether he/she had received 
'active treatment' or placebo. In AWESOME, it would be practically impossible to keep 
the patient from knowing whether he had received CABG versus PCI, given that CABG 
requires general anesthesia, median sternotomy, chest tubes, etc whereas PCI does not. 

Double blind refers to both the patients and immediate caregivers being unaware 
of treatment assigimient. In AWESOME, immediate caregivers could also not be 
effectively blinded. 

Triple blind refers to patients, caregivers and data management personnel being 
unaware. In AWESOME, the DS&M was not blinded, but site coordinators and Pi's were 
blinded 

Ouadruple blind refers to patients, caregivers, data management and principal 
investigators, all being blinded to treatment allocation. In AWESOME, the site principal 
investigators, and nurse coordinators, and the national Pi's were all blinded to the results 
from all sites other than their own. 
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CABG Coronary Arteiy Bypass Graft Surgery: Open-heart surgical procedure 
whereby saphenous vein segments and/or arterial conduits, such as the internal mammary 
artery are used to create a bypass around narrowed or blocked coronary artery segments. 

Canadian Cardiovascular Society Classification (CCS): 
Class I: Ordinary physical activity, such as walking or climbing stairs, does not 
cause angina. Angina occurs with strenuous or prolonged exertion. 
Class II: Slight limitation of ordinary activity. Walking rapidly, cUmbing uphill, 
walking after meals or in cold weather, or emotional stress can all elicit angina. Walking 
more than 2 blocks on the level or more than 1 flight of stairs is enough to bring on 
angina. 
Class III: Marked limitation of ordinary activity. Walking one or two blocks on the 
level or one flight of stairs at a normal pace elicits angina. 
Class IV: Inability to carry on any physical activity without angina; may occur at 
rest. 

Cardiac catheterization: use of catheters to measure pressures and flows in various 
heart chambers and vascular systems, as well as the injection of dye to opacify and film 
(on digital x-ray) heart structures and arterial and/or venous conduits, for purposes of 
diagnosing and planning treatment of hxraian heart diseases. 

Cardiogenic Shock: Shock [Inadequate tissue perfusion, typically inferred on the basis 
of confiision; ashen, clammy skin; or renal failure] caused by inadequate forward cardiac 
output. Cardiac output may be impaired as a result of left ventricular, right ventricular, or 
biventricular feilure. Hemodynamic correlates of cardiogenic shock include cardiac index 
<1.8 L/min/M2 with pulmonary wedge pressure >18 mm Hg, and/or systolic blood 
pressure <80 mm hg, especially if intravenous inotropes, or pressors, or intra-aortic 
balloon counterpulsation are required to maintain this blood pressure. 

Cardiology: the study of the human heart and vascular system for the clinical purpose of 
diagnosing and treating human cardiovascular dise£ise. 

Categorical data: data that are not pure measurements but are in the form of labels or 
categories. In AWESOME dichotomous categories included such things as prior CABG 
(yes or no); intra-aortic balloon pump (lABP) required to stabilize (yes or no); 
myocardial infarction within 7 days (yes or no); and polytomous categories included such 
things as Education (high school or less versus college versus graduate school); and 
polychotomous [no particular order] categories included such things cerebrovascular 
disease (prior stroke vs. prior transient ischemic attack vs. prior carotid stent vs. prior 
carotid artery surgery). 
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Cerebrovascular Accident (CVA): sudden onset of vertigo, numbness, aphasia 
(difficulty in expressing oneself), dysarthria (speech difficuhy), or paralysis due to 
vascular lesions of the blood supply to the brain caused by thrombosis, embolism or 
hemorrhage. Neurologic deficit persist for >24 hours. 

Chi-squared test: a statistical significance test employing the chi-square distribution 
(•^) to test the null hypothesis that 2 or more proportions in a contingency table are 
equal. The log-rank or Mantel-Haenszel test is basically a series of contingency tables 
used to compare proportions for each interval in a group of Kaplan-Meier curves and then 
sum them 

Clinical: the branch of medicine dealing with patients. 

Clinical practice: the generally accepted (standard of care) way in which patients with a 
particular disease entity are cared for. 

Clinical research: that area of research dealing with humans and human ilhiess. 

Clinical significance: an observation, or more particularly, a difference, which matters in 
the care of patients. Theoretically, ahnost any real difference in survival would matter 
clinically, so the next questions are, "At what risk?' and "At what cost?" 

Clinical Study: study that includes patients. 

Clinical Trial: A prospective study of the effects and values of a treatment (or 
intervention) versus a control in human subjects. 

Collinearity: In the context of regression analysis, collinearity is present when there is 
perfect association between predictor variables. In my experience with patients with 
cardiogenic shock and STEM, I frequently find that my use of stents and glycoprotein 
nb/IIIa receptor inhibitors is collinear, probably because I started using both at about the 
same time and use them nearly uniformly. 

Compliance: the measure of how completely patients take medications, or follow 
treatment instructions. In AWESOME, patients either underwent their assigned 
revascualrization (primary exposure or intervention), or they did not; alternatively, how 
they complied with medical therapy could confound the results if it were the case that 
surgical versus interventional patients complied differently. 

Confounder: a term used in observational studies to describe a covariate that is related to 
the outcome and the exposure, but not causally linked. 
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Confounding: the type of systematic error, or bias, that is introduced when the control 
and intervention (or exposed and non-exposed) groups are different with regard to a 
covariate that is related to both outcome and exposure, but not causally related. 

Contingency table: a cross-classification of subjects by 2 or more categorical variables. 
Each table has cells where the frequency for each class is recorded within the cell. 

Continuous data: data that are not restricted to particular values (as in categories) but 
can take on an infinite (in principle) number of values. In AWESOME, height, weight, 
heart rate, systolic and diastolic blood pressure are all examples of continuous variables. 

Control group: a group which at baseline is similar in relevant respects to the 
intervention group in a clinical trial, and to which standard therapy, without the 
intervention is assigned; assuming that bias and confounding have been largely 
eliminated by prospective random allocation and appropriate blinding, the differences in 
outcome between the intervention and control groups can then be attributed to the 
intervention. 

Coronary Arteries: the arteries which supply the heart; named from the Latin corona or 
crown because the left anterior descending and posterior descending arteries appeared to 
early anatomist to form a crown around the interventricular septum (or wall), and the 
circumflex and right coronary arteries appeared to form a crown around the 
atrioventricular valve plane (the plane of the valves which separate the atria from the 
ventricles). 

Coronary artery disease (CAD): > 70 % diameter narrowing of one or more major 
epicardial coronary arteries. Most often established by "worst view" of multi-view 
coronary angiography, where it is dependent upon image quality, choice of views, and 
observer interpretation. Autopsy is significantly worse, because unless experienced 
prosectors properly fix the arteries, the diameter or cross-sectional narrowing usually 
cannot be quantified. Intra-coronary ultrasound (obviously also invasive) leads to 
difierent results but is said to be more objective by virtue of being tomographic. 

Coronary angiogram: Opacification of the heart arteries by injecting iodinated dye, or 
contrast, and x-ray imaging (currently nearly always accomplished with digital imaging). 

Cox proportional hazards model: a statistical method for comparing survival times 
between 2 or more groups, which allows adjustment for covariates. This method assumes 
that hazards in the 2 or more groups are proportional, so that the survival curves should 
not only not cross, but the log curves should be roughly parallel. In AWESOME, out to 3 
years, the CABG and PCI curves have not been shown to cross either for the overall 
groups or any evaluated subsets. 
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Critical value of a test statistic: the boundary between where the null hypothesis is 
accepted or rejected for a given significance level. 

Data: information of any sort: numerical, judgments, estimates, precise measurements; 
binary, categorical, continuous, discrete, ordinal. 

Data and Safety Monitoring Committee: the group of individuals who regularly review 
accumulating data from a study to determine if it is both safe and practical (given the 
question being asked ad the results to date) to continue the study. For AWESOME, this 
group included Spencer King 11, MD, Cindy Grines, MD, Dan Siegal, ScD, Bruce Lytle, 
MD, Sidney Levitsky, MD. 

Deduction: to reason from the general to the particular, or from axioms to specific rules. 

Dependent variable: in any statistical model, the dependent variable is the one we are 
trying to predict from the independent variable. In AWESOME, survival is our most 
important dependent variable. 

Descriptive statistics: summaries of data that do not try to draw conclusions, but rather 
simply describe the data. Common descriptive statistics include the mean, standard 
deviation, maximum, minimum, mode median, quartiles, and confidence intervals. 

Diastole: that portion of the cardiac cycle when the ventricle relaxes and fills. 

Direct thrombin inhibitors: 
Argatroban 
Hirudin 
Bivalirudin 

Discrete data or variables: data or variables that can only take on a fixed set of values. 
In AWESOME, sex is a binary discrete data element and education is a discrete 
polytomous variable. 

Dissection, NHLBI (National Heart, Lung and Blood Institute) Classification: tear in 
the inner lining of the artery wall, as visualized by coronary angiogram 
Type A: small radiolucent area within the lumen of vessel disappearing with 
passage of contrast 
Type B: contrast medium parallel to the lumen of vessel, which disappear within a 
few beats 
Type C: Protrusion outside lumen which persists after passage of contrast material 
through lumen 
Type D: Spiral shaped filling defect without delayed runoff of the contrast material 
Type E: Persistent lumenal filling defect with delayed runoff of the contrast 
material in the distal lumen 
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Type F: filling defect accompanied by total arterial occlusion 

Distal Embolization: Migration of a clot or thrombus downstream causing vessel 
occlusion. 

Effectiveness: what an intervention can accomplish in an actual or 'real-world' setting. 

Efficacy: what an intervention can accomplish in an ideal setting such as a prospective 
randomized clinical trial. 

Endemic: a disease that is always present in a certain proportion of the population in a 
geographical area; normal expectancy. 

Endpoint: a variable that is one of the primary interests of the study. 

Epidemiology: the study of the distribution and determinants of disease frequency in 
human populations. 

Objectives of Epidemiology: 
• Identify the etiology of disease and the risk factors for disease 
• Determine the extent of disease in the community 
• Study the natural history and prognosis of disease 
• Evaluate existing and new therapeutic and preventative treatments (this 

thesis) 
• Provide the foundation for public health policy and regulatory decisions 

Epidemic: the occurrence of disease in a community or region, which is clearly in excess 
of normal expectancy 

Endemic: the regular presence of a disease within a given geographic area. 
Pandemic: a Worldwide epidemic. 

Equipoise: having equal potency and therefore having equal effects; equivalence; the 
situation where neither of two treatments is known to be unequivocally superior, so that a 
randomized clinical trial is both ethical and feasible. 

Equivalence study: a study whose primary aim is to demonstrate that two treatments are 
equivalent with regard to certain specified parameters. 

Error: mistake; incorrect 

Estimate: the value of a parameter that is calculated using data. 

External Validity: truth in the xmiverse; the study fmdings are an accurate representation 
of the universe. 
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Failure: the term used in place of event in survival data. 

Failure time: the time until an event occurs, where the term failure is used for an event 
such as death, myocardial infarction or repeat revascuahization. 

False negative: the case where a test fails to detect what it is supposed to detect. In 
significance testing this is a Type II error. 

Fibrates: A category of lipid-lowering drugs. 
Gemfibrozil 

Frequency: the number of times a particular event occurs, or a particular data value is 
observed. 

Frequency distribution: the number of times each of several events occurs, or the 
number of times each of many different data values occurs. 

Glycoprotein Ilb/IIla receptor inhibitors: 
Abciximab 
Integrilin 
Tirofiban 

Good Clinical Practice (GCP): a set of principles and guidelines to ensure high quality 
and high ethical standards in clinical research. 

Guidelines: statements of recommendations and strength of evidence for various clinical 
practices, in various disease states. Most recognized and accepted in Cardiology are 
American College of Cardiology (ACC)/ American Heart Association (AHA), which 
have been producing Guidelines for conditions such as ST-elevation myocardial 
infarction (STEMI), non ST-elevation myocardial infarction (non-STEMI) and unstable 
angina, and congestive heart failure (CHF) since 1980. These statements typically divide 
recommendation into 3 classes; 
Class I ought to be done unless major extenuating circumstance 
Class Ila perhaps should be done 
Class lib probably should not be done 
Class III should not be done unless major extenuating circumstance 
The also divide the strength of evidence into 3 classes: 
A: based on 2 or more concordant prospective randomized clinical trials 
B 1 trial and additional supportive epidemiological and/or basic science studies 
C consensus of the expert panel, without trial data. 

Hazard ~ hazard function 
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Hazard function: in survival analysis, the probability of a given event occurring at each 
instant in time, given that it has not already happened. 

Hazard rate (•): parameter in an exponential survival curve; S(t) - e ; the hazard 
fiinction at any particular time. 

Hazard ratio: the ratio of two hazard rates or of two hazard fimctions, either at a 
particular point in time, or averaged over a long period. 

Heparin: 
Unfractionated heparin 
Low molecular weight heparin 

Heteroscedastic: unequal variances of data values of the same variable. For example the 
variation in measurement of a person's age changes with his age: newborns in hours or 
days; infants in months; and adults in years. 

Heuristic: using intuition and judgment. 

Hierarchical: nested; built up in layers. 

Hierarchical models: two statistical models for the same data, where one has extra 
covariates that are not included in the other. 

Homogeneous: the variation of measurement within one group is similar to the variation 
of measurement within another group. 

Homoscedastic: equal variances of data values of the same variable. For example the 
variation in measurement of a person's weight would not be ejqiected to vary from one 
center to another. 

Hypertension: Persistently high blood pressure; typically > 140/90 is considered 
elevated. 

Hypotension: Abnormally low blood pressure; typically < 80 mm Hg systolic, especially 
if persists despite fluid challenge, and/or requires pressor drugs because of patient 
sjanptoms. May occur as a result of dehydration, bleeding or secondary to medication; 
may also accrue from cardiac failure. 

Hypothesis: an unproven statement, which may be the object of study in an experiment. 
For example, in AWESOME, we hypothesized that long-term survival of patients with 
medically refractory myocardial ischemia, and one or more of 5 risk factors, would be as 
good or better with PCI as with CABG. 
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Hypothesis generating study: a study that is not intended to answer a specific question, 
but rather stimulate new ideas or questions. 

Hypothesis test: a statistical process used to test the strength of evidence for or against a 
particular hypothesis. 

Iatrogenic: a condition caused by the treatment given for another condition. 

Inclusion criteria: the requirements that a subject, or patient, must Mfill to be enrolled 
in a study. For AWESOME, patients had to have myocardial ischemia, which was 
refractory to a specified medical regimen, and one or more of 5 high-risk factors for early 
post-CABG mortality (age>70 years; myocardial infarction within 7 days of 
randomization; intra-aortic balloon pump required; prior CABG; left ventricular ejection 
fraction>.30). 

Independent: if knowledge of one event or variable gives us no information about 
another event, or variable, then the 2 events, or variables are said to be independent of 
one another. 

Induction: to reason from the particular (specific) to the general; arrive at a 
generalization based upon specific data. 

Inference: conclusion drawn from data and reasoning. 

Inferential statistics: The branch of statistical methods concerned with drawing 
conclusions from data, typically by means of statistical significance testing 

Intention-to-treat: a strategy for analyzing study data which says that any subject 
randomized to treatment or control must be included, and must be analyzed as part of the 
cohort to which he was randomized, regardless of whether he actually received the 
treatment. In AWESOME, patients randomized to CABG were analyzed as 'CABG' 
regardless of whether they underwent CABG; likewise with PCI. 

Interaction effect: the difference in the size of an effect caused by 2 or more variables 
jointly compared with the sum of the effects. For example in AWESOME, we examined 
the interaction of treatment (CABG versus PCI) with multiple known risk factors for 
adverse outcomes among CAD patients (such as age>70; prior CABG; lABP required; 
LVEF<.30) in an effort to determine if in the presence of one or more of these risk-
factors either CABG or PCI would be clearly preferable. 

Internal validity: truth in the study; the findings are an accurate measure of the studied 
population. 



202 

Interval estimate: a range of values that a parameter is likely to take that reflects the 
uncertainty and variability in measurements. 

Intervene: To take action, rather than to do nothing but observe. 
Interventional Cardiology: that branch of invasive cardiology which does not limit 
itself to diagnosis and referral to a cardiac surgeon, but also includes therapeutic 
intervention on behalf of the patient. 

Intervention Group: the group assigned the new or experimental, diagnostic or 
therapeutic, agent or device in a controlled clinical trial. 

Intra-aortic balloon pump: a ~40 ml balloon is placed into the patient's descending 
aorta and then connected to a console which time inflation with ventricular diastole (so as 
to augment coronary artery perfiision pressure), and deflation with ventricular systole (so 
as to reduce the impedance against which the left ventricle is pumping, and thereby 
enhance forward stroke volume). This device is helpful in shock, which derives from 
impaired cardiac function, particularly if the impaired cardiac function is ischemic in 
etiology. Patients who require lABP are usually extremely ischemic, and have at least 
refractory hypotension, if not, frank shock accordingly they are at high risk of imminent 
death. We had only 100 such patients in AWESOME and only 9 could be randomized. 

Intuitive: a decision made with judgment and experience rather than based upon analysis 
of data. 

Invasive Cardiology: the branch of cardiology which includes cardiac catheterization 
and coronary angiography, both of which are primarily diagnostic, and both of which are 
performed via percutaneous access (needle entry into artery in groin or arm). 

Investigator initiated study: a study that is proposed and run by individual investigators 
rather than by a pharmaceutical company or government agency. 

Kaplan-Meier estimate: product-Umit estimate; product of conditional probabilities of 
survival of each interval with a death, used to generate step graph of survival experience 
of a group. A nonparametric estimate of the cumulative probability of survival for a set of 
data. 

Left Ventricular Ejection Fraction (LVEF): A measure of global systolic function 
computed from a contrast (radiographic), or radionuclide, or echocardiographic 
ventriculogram (images of the contracting ventricle). It measure stroke volume/ end 
diastolic volume or (end diastolic volume -end systolic volume)/ end diastolic volume. 
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Lesion Characteristics (Angiographic features of NHLBI scheme): 

Type A lesions: length <10 mm; concentric; readily accessible; non-angulated (<45 
degrees); smooth; little or no calcification;; non-ostial; no major side-branch; absence of 
thrombus. 

Type B lesions: tubular (10-20mm); eccentric; moderate tortuosity of proximal segment; 
moderately angulated (45-90 degrees); irregular contour; moderate or heavy calcium;; 
total occlusion <3 months old; ostial;; bifurcation lesion; some thrombus present. 

Type C lesions: length >20 mm; excessive tortuosity of proximal segment; extremely 
angulated (>90 degrees); total occlusion of > 3 months duration and/or bridging 
collaterals; inability to protect major side branches; degenerated vein grafts with friable 
lesions. 

Life expectancy: the length of time that an individual (or group) is expected to live. 

Lifetable: tabulation used to summarize life expectancy and probabilities of survival or 
death at different ages (or different times after an exposure or intervention). 

Likelihood: the probability of a set of observed data values, assuming a particular 
hypothesis (which is generally that they come from a particular probability distribution 
with specified parameters). 

Likelihood function ̂  likelihood 

Likelihood principle: methods of estimating parameters and significance testing based 
on likelihood fimctions. 

Likelihood ratio: the ratio of the likelihood of two different hypotheses based on the 
same set of data. 

Linear: in a straight line; not curved. 

Linear combination: a combination of values that is obtained by simple addition and 
subtraction of multiples of those values. 

Linear model: a statistical model, such as a regression model, that only has a linear 
combination of parameters. 

Lipid lowering therapy: 
See also fibrates, niacin, resins, statins 
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Literature review: a review of published studies and data relating to a particular topic. It 
is one of the first activities in a meta-analysis or overview. This forms the basis of most 
of our chapters in Morrison and Serruys; Medically Refractory Rest Angina 1992 
Marcel Dekker, New York, New York; and Morrison and Serruys; High Risk Cardiac 
Revascularization and Clinical Trials 2002 Martin Dunitz, London, UK. In turn, the 
literature review tables from Morrison and Sacks: Balancing benefit against risk in the 
choice of therapy for coronary artery disease. Minerva Cardioangiologica 2003;51:1 -13, 
form the basis for the meta-analyses presented in this dissertation. 

Log rank test: a statistical significance test for comparing survival times of different 
groups of subjects. 

Longitudinal data: data that are repeatedly collected on the same subject. 

Longitudinal study: a study that observes and measures the same subjects over time. 
AWESOME follows the same patients to determine if they had unstable angina, required 
repeat revascuakization, or died. 

Major Adverse Cardiac Event (MACE): Death, myocardial infarction, stroke or urgent 
target vessel revascualrization, after an angioplasty or PCI 

Mantel-Haenszel estimate: a method of estimating an odds ratio from a stratified 
sample. 

Mantel-Haenszel test: a statistical significance test for testing the null hypothesis that 
the Mantel-Haenszel estimate of the odds ratio is equal to one. The log rank test is a 
weighted summation of Mantel-Haenszel tests over the total number of events in a pair, 
or group, of survival curves. 

Masking (or blinding): not permitting the subjects in a trial to leam whether they are in 
the control or intervention arm (single-blind); 

Double blind: not allowing either the subjects or the caregivers to know whether 
subjects are in the control or intervention arm of a trial. This can reduce the likelihood of 
differences in concomitant therapies between the control and intervention groups. It also 
reduces the importance of investigators preconceived ideas. 

Triple-blind: The committee monitoring response variables, in addition to subjects 
and their caregivers are not made aware of which subjects have been allocated into the 
control arm vs. the intervention arm. 

Mean: the sum of a set of numbers divided by the number in the sample; average. 

Median: when a set of numbers are sorted into ascending or descending order, there are 
as many numbers greater than the median as tere are less than the median; fiftieth 
percentile. 
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Medically refractory: I believe this is one of the most important nearly unique features 
of the AWESOME trial. Medically refractory implies symptoms, with objective evidence 
of myocardial ischemia despite optimum medical therapy. Optimal therapy must include 
Guideline directed risk factor modification (hypertension and lipid control and diabetes 
control to Guideline targets), symptom relief (antianginal drugs include nitrates, beta-
blockers and calcium channel blockers to relative bradycardia and hypotension), and 
Guideline directed titration of medications indicated for survival benefits (as shown by 
multiple large scale randomized clinical trials): this means ACE-I and beta-blockers for 
heart failure patients; aspirin, statins, beta-blockers +/- ACE-I for post-MI patients. 

Megatrial: a very large trial, meaning > several thousand subjects: GISSI, ISIS and 
HOPE (all trials of pharmacological strategies) are all megatrials. In contras, neither 
AWESOME, nor any other comparative trial of revascualrization (Medicine versus 
CABG; Medicine versus PCI; CABG versus PCI) is megatrials. 

Meta-analysis: an analysis of the summary results from 2 or more similar studies. 

Misclassification: A systematic error or bias which can occur when exposure vs. 
nonexposure, diseased vs. non-diseased, or cases vs. control are inaccurately recorded. 

Differential misclassification: the rate of misclassification is different between 
exposed vs. nonexposed or diseased vs. nondiseased. This can alter the measure of 
association in either way. 

NondifFerential misclassification: no difference between the rate of 
misclassification in the study groups. This has effect of weakening any association 
(moving closer to null value). 

Morbid: prone to disease. 

Mortal: prone to death. 

Mortality curve: a graph of the cumulative occurrence of death with time. 

Multicenter: having more than one study site, at which randomization of patients 
between control and intervention takes place. In AWESOME, 16 different Veterans 
AjBTairs hospitals enrolled patients and randomly allocated them between CABG and PCI. 

Multivessel disease: The presence of > 50% diameter stenosis in 2 or 3 major epicardial 
coronary arteries (left anterior descending; circumflex; right coronary artery. Because a 
>50% diameter stenosis of the left main artery compromises flow to both the left anterior 
descending and circumflex distributions, left main disease is multivessel. 

Myocardial ischemia: inadequate oxygen supply to meet myocardial oxygen demands. 
This is inferred from pain, ECG changes (ST depression or elevation are more specific 
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than T wave inversion or peaking), elevations of intracavitary (LVEDP) or pulmonary 
wedge pressures (PWP), regional wall motion changes, or coronary sinus lactate levels! 
From onset of ischemia, the order is most often biochemical, stiffiiess (PWP and/or 
LVEDP), wall motion, ECG, pain. Sensitivity in detection of ischemia roughly follows 
the same order. 

Myocardial infarction: the death of myocardial cells. The World Health Organization 
criteria (in widespread use until replaced by sensitive biomarkers only) include any 2 of 
the 3 following: appropriate history of pain or pressure; appropriate ECG changes (ST 
elevation or depression, new Q waves or new LBBB); rise in cardiac enzymes especially 
CPK-MB. Many hospitals and studies now only require elevation of troponin-I or 
troponin-t but there remains controversy as to how much elevation: 2X "normal"; 3X 
"normal" What's normal? 

ST elevation myocardial infarction: acute myocardial infarction which is 
accompanied by >lmm ST elevation in 2 or more contiguous leads (anterior VI-4; lateral 
l,L,V5-6; inferior 2,3,F) or by new left bundle branch block (LBBB). If angiography is 
performed within the first 4-6 hours after onset -90% of patients will have total 
thrombotic occlusion of the artery supplying the electrocardiographic territory (mfarct 
related artery); DeWood et alN Engl J Med 1980;303:897-902. 

Non-ST elevation myocardial infarction: acute myocardial infarction which is 
not accompanied by ST elevation or new LBBB. May be accompanied by ST depression, 
T wave changes or unchanged electrocardiogram. If angiography is performed with 6-12 
hours after onset in this group >2/3 will not have total occlusion of the infarct-related 
artery; DeWood et al N Engl J Med 1986;315:417-423. 

Negative predictive value: the probability that a subject with a negative test result 
(normalO does not have the diagnosis in question = TN/(TN + FN) 

Necessary: condition that is required for some consequence; the tubercle bacillus is 
necessary for the infection tuberculosis to occur. 
Necessary and sufficient: without the factor, disease never develops; with the factor it 
always develops. Measles may be an example. 

Noncompliance: the act of not fiilly complying with a protocol, in the case of a study 
subject, or with medical advice, in the case of clinical medicine. 

Nonparametric: a branch of statistics that makes few assumptions about the distribution 
of the data. 

Null Hypothesis: the assumption, made in statistical significance testing, that there is no 
difference between groups in whichever parameter is being compared. 
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Number needed to treat: the number of patients that would have to be treated with a 
new treatment in order to avoid one event that would have occurred with standard 
treatment; based upon the difference between intervention and control event rates. 

Observational study: a study that has no experimental intervention but rather observes 
what happens to a group of subjects or patients. 

Observer bias: a systematic error introduced by the observer making observations 
differently in the control and intervention groups. (Hawthorne effect) 

Occam's razor: A philosophical position, which prefers simple explanations to more 
complex alternatives. 

Osier's Law of Parsimony: the assumption that all of a patient's signs and 
symptoms can be explained by one, or a few, unifying diagnosis (es). 

Odds: the probability of an event occurring divided by the probability of its not occurring 
= P/(l-P) 

Ogive: a cxmiulative frequency distribution graph 

One-sided: concerned with only one tail of a frequency distribution. 

One-sided hypothesis: a hypothesis that allows for the possibility of difference in only 
one direction. 

Ostial or Osteal lesion: Coronary narrowing (>70% diameter) within the first 3 mm 
from the aortic origin. 

Outlier: a data value that is very extreme relative to all of the others (either too large or 
too small). 

Overview: to look at data from various sources and consider them as a whole before 
making any conclusions. 

Pandemic: occurring over a large geographic area. 

Parameter: the true (but often unknown) value of some characteristic of a population, 
such as the population mean, population variance, population median, or population 
minimum value. Parameters are usually estimated by sample statistics. The most 
common parameter that one wishes to estimate from a clinical trial is the treatment effect. 

Parametric data: usually used to refer to data that comes from a recognized probability 
distribution, for which parametric methods of analysis can be used. 
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Parametric methods: statistical methods that make specific assumptions about the 
distribution of data; such as t-test, correlation and regression. 

Patient: a subject who has a disease or illness. 
Perforation: rupture or tear of the artery (during or as a result of PCI) into a cardiac 
chamber or the sac around the heart (pericardium); may encompass a spectrvmi of 
outcomes from self-limited, angiographic finding to pericardial effusion, or collection of 
fluid which is noted on ultrasound or chest x-ray, to a source of pain, to pericardial 
tamponade, which is life-threatening compression of the heart (thereby preventing 
adequate filling) by large pericardial effusion. 

Percutaneous Coronary Intervention (PCI): also called PTCA for Percutaneous 
Transluminal Coronary Angioplasty: Any therapeutic coronary artery intervention 
performed via percutaneous access (needle entry into artery in groin or arm) and over a 
small intracoronary wire; includes balloon angioplasty, stenting, and atherectomy 
devices. 

Period: an interval of time. 

Period effect: any systematic difference in response between two periods. 

Person-time: when people have been exposed to an intervention for varying lengths of 
time, the total time of exposure for all people can be calculated and expressed as if it 
were one individual for the total length of time. 

Pharmacology: the study of drugs, including uses, benefits and harmfiil effects. 

Polychotomous data: categorical data where there are more than two categories but 
where there is no natural ordering to the categories. 

Polytomous regression: an extension of the methods of logistic regression where the 
response variable is unordered categorical data, instead of binary data. 

Population: the entire group of subjects, which could (in theory) be included. 

Positive predictive value: the probability that a subject with a positive test has the 
diagnosis in question = TP/ (TP + FP) 

Power: in statistical significance tests, 1- the probability that the null hypothesis will be 
rejected if it is not true. 

Precise: The extent to which replicated measurements agree with one another. 

Primary objective: the most important objective of a study. 
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Primary result: the most important result of a study. 

Primary variable: the most important variable in a study. 
Probability: the likelihood, or chance that an event will occur, often estimated by the 
relative frequency. 

Prognosis: the probable course of a disease. 

Prospective: something that is planned to take place in the future; contrast with 
retrospective (looking back). 

Protocol: a written document describing all of the important details of how aa study will 
be conducted. 

Publication bias: the systematic tendancy to publish studies with positive results and 
reject for publication studies with negative results. 

Pulmonary Edema: increased fluid in the interstitial and airspaces of the lung, leading to 
impaired gas exchange, increased work of breathing, and the subjective experience of 
dyspnea. 

P value: the initial result from a statistical significance test. It is the probability of 
obtaining a result at least as extreme as the observed result, assuming the null hypothesis 
is correct. 

Quadratic: Curved and having squared terms such as x^, nut no higher order 
polynomials such as cubes (x^) or x'^. 

Qualitative interaction: an interaction where the sign of the treatment effect changes for 
different levels of a fector. In the context of a clinical trial, this term is usually used to 
describe subset analysis, and it is said to be uncommon. For example, most subsets of 
STEM! patients appear to benefit from reperftision by fibrinolytic therapy. 

Quantitative interaction: an interaction where the sign of the treatment effect remains 
the same, but the size of the effect changes with different levels of the factor. In the 
above-mentioned examples, the earlier after onset of chest pain tha a SYEMI patient 
presents, the more benefit in terms of LVEF or survival. 

Quantile-quantile plot: a plot of the observed quantiles (a set of ranges of data across a 
distribution such that each includes the same number of observations as every other 
group; examples include deciles, or centiles) of a frequency distribution against those that 
would be expected imder an assumed probability distribution, such as a normal 
distribution. This is one of my favorite ways to graphically assess whether a sample of 
data are 'nearly normally distributed'. 
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Quetelet's index: a wonderful name (for a Belgian statistician/ ?epidemiologist) for the 
body mass index = weight (kg)/ height (m)^. 
Random allocation: the process of randomly (each person has an equal chance, 
uninfluenced by the prior or subsequent allocations) deciding which treatment each 
subject in a trial are to receive. AWESOME had a randomized allocation in the trial and a 
registry of patients who were excluded from participation in the trial. 

Random effects model: a statistical model that assumes some of the features of the 
model are randomly chosen from a wider population. Two common assumptions are that 
subjects are a random selection of all patients with the target disease, and that study 
centers are a random sample of all centers that treat the disease. 
In meta-analysis, the fixed effects model assumes that all of the studies come from a 
common population; then if the study sizes were infinite, all would measure the same 
effect size. In the random effects model, one assumes that the studies are drawn from 
populations with different effect sizes. These differences could accrue because patient 
characteristics varied from one study to another or because treatment varied across 
studies, or because the outcome measure was different, or some combination. 

Random Error: variation of observed data from model due to chance variation. 

Random Variable: a variable whose values come from a recognizable probability 
distribution, such as the Normal distribution, chi-square distribution, or t distribution. 

Random Variation: variation in measurements that occur at random and therefore 
cannot be predicted. 

Randomization: the means of assigning subjects to control or intervention arms of a 
trial, such that each assignment cannot be predicted from the assignments, which 
preceded it. 

Stratified randomization: the study population is first stratified according to one 
or more variables of particular interest; then subject allocation is randomized within each 
strata; this provides for relative balance in these important variables even in trials, which 
are not extremely large. 

Receiver operating curve (ROC curve): in a diagnostic test, a plot of the sensitivity of 
the test versus 1-specificity of the test. 

Reference bias: a systematic tendency to quote some sources of reference material in 
preference to others, for example sources that support our particular point of view. This 
can be an important issue in meta-analysis andoverviews. 

Regression: the statistical term for building models that try to predict an outcome 
variable from one or more covariates. 
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Regression coefiicient: a coefficient in a regression model. In simple linear regression, 
this is the same as the slope of the line on a graph. 
Regression diagnostics: methods used to determine if a regression line is, or is not, a 
good fit of the sample data. 

Regression model: a general term for the equation of either a regression line or surface. 

Rejection error: type I error; or rejection of the null hypothesis when it is true. 

Relative efficacy: the amount of beneficial effect produced by one treatment over and 
above that of another, expressed as a fraction. 

Relative frequency: the number of times an event occurs divided by the total number of 
events 

Relative frequency distribution: the number of times each of several events occur, 
divided by the total number of events. 

Reperfusion: attempt to open the infarct-related artery of a patient with ST-elevation 
myocardial infarction, and restore normal flow (TIMI3) so as to relieve ischemic pain 
and reduce the extent of myocardial necrosis (cell death) 

Fibrinolytic or thrombolytic therapy: drug treatment with drugs, which dissolve 
clot and reestablish flow in this manner. 

Primary angioplasty or MI-PCI: mechanically opening the infarct-related artery 
by passing a wire through the thrombus and passing a balloon over the wire to dilate the 
arterial lumen. 

Response: the reaction of a subject, or patient, to treatment. 

Restenosis: A >50% reduction in diameter of a previously treated lesion when compared 
to the reference diameter. 

Risk: the probability of an event occurring. Note that the consequence may be much 
greater than the risk. 

Risk-benefit ratio: the relative weighing of the risk of an intervention, particularly if it 
fails, to the benefits to be gained, if the intervention is successful. 

Rosenthal effect: the subconscious bias that tends to lead investigators to see the effects, 
in their data that they are looking for. This is the main reason for investigator blinding. In 
AWESOME, my conscious bias is that PCI is not only an alternative, but preferable to 
CABG, particularly if the long-term survivals are comparable. 
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Sample: a subset of the population, usually intended to be representative of the 
population. 

Sample size: the size of the sample; number actually recruited. In AWESOME the 
sample size of the randomized trial was 454 patients. 

Sample size calculation: calculation of the number of subjects needed to meet the trial 
objectives; given the expected effect size and the desired alpha, and power (1-beta), how 
many subjects must be randomized. 

Screen: to check to see if a patient meets the study entry criteria. In AWESOME, 
>21,000 patients were screened to identify some 2,500 who were clinically eligible, and 
ultimately to randomize 454. 

Sensitivity: the probability that one who has the disease of interest will have a positive 
test result = (true positives/ (true positives + false negatives); the proportion of diseased 
subjects who were correctly identified. 

SnNOUT: given a test with a high sensitivity, a negative result reliably rules out; very 
few false negatives so 'negative' usually means 'no disease' 

Significance: a difference that matters. Clinical significance is an outcome difference 
that matters to patients, such as nearly any difference in survival or disabling stroke. 
Statistical significance implies a difference beyond what one would expect based on 
chance alone. 

Significance test: a statistical test used to determine the degree of consistency between a 
specific hypothesis, and a set of data. This usually involves: 

1. Formulating a hypothesis about the population, usually referred to as the null 
hypothesis, which states, for example, that 2 means, or 2 rates, or 2 survival 
times are not different, 

2. Obtaining data from the population, usually in the form of a random sample, 
3. Summarizing the data in the form of a test statistic (t-test; F test; chi-square), 

which is a ratio of the measured difference/ variability of the measure of 
difference, 

4. Generating the probability distribution of the test statistic, based on the 
assumption of the null hypothesis, 

5. Ranking of all possible outcomes according to their consistency with the null 
hypothesis than the outcome which was observed, 

6. Calculation of the probability that sanq)ling uncertainty or chance would produce 
an outcome no more consistent with the null hypothesis. This probability is called 
the significance level. 
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Specificity: the probability that one who does not have the disease of interest will have a 
negative test result = true negatives/ (true negatives + false positives); the proportion of 
non-diseased subjects who were correctly identified. 

SpPIN: given a test with a high specificity, a positive result usually rules in; very few 
false positives, therefore 'positive' usually means 'disease present' 

Source population: that portion of the target population with the condition of interest. 
For AWESOME, this is the subset of CAD patients who have medically refractory 
myocardial ischemia and one or more of 5 high-risk factors for adverse outcomes with 
CABG: specifically either age>70; prior CABG; MI within 7 days; LVEF<.35; lABP 
required to stabUize. Based upon coronary anatomic considerations, referring physicians, 
surgeons or interventionists deemed patients ineligible (physician-dkected registry) or 
eligible (study population). 

Statins: a category of drugs which effectively reduces levels of total cholesterol and LDL 
cholesterol. Randomized trials have demonstrated highly significant reductions in 
mortality among subjects with and without coronary artery disease and over a wide range 
of cholesterol levels, suggesting that the mortality reductions may involve additional 
mechanisms. Hypothesized additional benefits include anti-inflammatory and plaque 
stabilization effects. 

Cerivastatin 
Fluvastatin 
Lovastatin 
Pravastatin 
Simvastatin 

Stratification: the process of defining and forming levels or strata within a variable. 

Study Population: that portion of the source population who are deemed eligible for the 
study. For AWESOME, this included the patients who refiised random allocation 
(Patient-choice registry) and the study sample. 

Truth 
Test result 
Positive test 
Negative test 

Disease 
true positive (TP) 
false negative (FN) 

No Disease 
false positive (FP) 
true negative (TN) 

Sensitivity = 
TP/(TP +FN) 

Specificity = 
TN/(TN + FP) 

Study sample: That portion of the study population who agreed to random allocation. 
For AWESOME, this is the randomized cohort. 
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Sufficient: Every exposiire will be followed by the disease; for example, rabies. 

Surrogate: substitute 

Surrogate endpoint: a substitute endpoint; for example the measurement of cardiac 
output or exercise capacity in heart failure patients. 

Survival Analysis: methods for analyzing time to event data, particularly when there are 
various lengths of follow-up. 

Survival curve: the graphical presentation of survival experience for a group of 
participants. 

Lifetable: the tabular presentation of the survival experience of a group 
Hazard rate (•): parameter in an exponential survival curve; S(t) = e 
Censored: follow-up time ends prior to occurrence of an event 

Survival Curve Comparison: testing to determine if 2 svirvival experiences are different 
• Point-by point comparison 
• Comparison of median survival times 
• Total curve comparison 

o Log-rank 
o Chi-square; Maentel-Haenszel 
o Covariate-adjusted; Cox proportional hazards 

Systematic Variation: variation that occurs in a regular, steady manner and is therefore 
the same or very similar, between all subjects. 

Systematic Error: wrong result due to bias- sources of variation that distort the result in 
one direction. An error that is always made in the same manner. 

Systole: that portion of the cardiac cycle when the ventricle contracts and ejects blood 
into the aorta (left ventricle) or pulmonary artery (right ventricle). 

T distribution: the probability distribution of the t statistic. 

T statistic: the calculated value of (as in t test) from a set of data. 

T test: a statistical significance test about the mean of a population when the variance has 
to be estimated from the data. 

Tail: the extreme values (highest and lowest) of a distribution. 

Tai^et Lesion: Any coronary lesion, which is treated during PCL 
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Target Population: the population at large, from which one samples, and to which the 
study results are intended to apply. For AWESOME, this is the population of patients 
with coronary artery disease, and medically refractory myocardial ischemia. 

Target Vessel: The coronary vessel (left main; left anterior descending artery; diagonal; 
circumflex; obtuse marginal; posterolateral; right coronary artery; posterior descending 
artery; saphenous vein graft; internal mammary; radial) containing a target lesion. 

Tai^et Vessel Failure (TVF): death, MI or ischemia-driven repeat revascualrization 
during index hospitalization of target vessel PCI. 
Therapeutic: concerned with treating a disease. 

Therapeutic effect: an effect caused by therapy or treatment; usually considered only for 
beneficial effects. 

Thrombus: clot: discrete, mobile, intraluminal filling with defined borders with/ without 
associated contrast staining. 

Titrate: to search for the optimum dose of a drug; for drugs which have been shown to 
be associated with enhanced survival, in prospective, randomized clinical trials, the 
optimum dose is usually the dose used in the trials. For neurohormonal blockade with 
either beta-blockers, such as carvedilol, or angiotensin-converting enzyme inhibitors, 
such as lisinopril, it is often necessary to 'start low and go slow' titrating the dose up 
while the patient's heart rate and blood pressure are monitored (often over weeks to 
months). 

TIMI (Thrombolysis In Myocardial Infarction a aeries of prospective randomized 
clinical trials) Classification: 
TIMI 0: no antegrade perftjsion. 
TIMI 1: penetration with minimal perfiision. Contrast fails to opacify the entire 
distal bed 
TIMI 2: Partial perfiision. Contrast opacifies entire bed distal to stenosis. However 
the rate of entry or clearance is slower in the distal bed 
TIMI 3: Complete perfiision. Filling and clearance of contrast equally rapid in the 
coronary bed distal to resteosis as in other coronary bed. 

Total Occlusion: Lesion with no flow (TIMI 0), usually specified as o 3 months. 

Type I error: in statistical significance test, the probability that the null hypothesis is 
rejected, when it is actually true. 

Type II error: in statistical significance testing, the probability that the null hypothesis is 
accepted, when it is actually false. 



216 

Unadjusted: parameter estimates that are not adjusted for any covariates or 
confounders. 

Unstable angina: 1) angina which occurs at rest; 2) angina which is elicited by less and 
less provocation; 3) new-onset angina; 4) angina early after a myocardial infarction. 

Braunwald Classification of Unstable Angina (Braunwald E: Unstable Angina A 
classification. Circulation 1989;80:410-414.) 

Severity 
Class I: New onset, severe or accelerated. <2 months duration; no rest pain in past 
2 months 
Class II: Angina at rest, subacute. Patients with 1 or more episodes of angina at rest 
during the preceding month but not within preceding 48 hours. 
Class III: Angina at rest, acute. Patients with 1 or more episodes of angina at rest 
within preceding 48 hours. 

Clinical circumstances 
Class A: Secondary unstable angina. Condition extrinsic to CAD such as anemia, 
fever, infection, hypotension, tachyarrhythmia, thyrotoxicosis, or pulmonary related 
hypoxemia. 
Class B: Primary unstable angina 
Class C: Postinfarction unstable angina (within 2 weeks of ME) 

Treatment 
1) In the absence of treatment for chronic angina 
2) During treatment for chronic angina 
3) Despite maximal anti-ischemic drug therapy 

ECG changes with or without transient ST-T changes. 

Valid: correct; reasonable or logical. 

Validity: The validity of a test is determined by its ability to discriminate one who has 
the disease from one who does not. 

Variable: the mathematical term for a characteristic or property of something or 
someone that is being measured. It may vary from time to time or from person to person. 

Dichotomous variables: only 2 outcomes such as dead or alive success or failure. 
AWESOME has numerous dichotomous covariates such as prior CABG (yes or no); 
intra-aortic balloon pump required (yes or no); age >70 years (yes or no), and a critical 
dichotomous outcome variable: alive or dead at last follow-up. Event rates in the control 
Pc and in the intervention pi 
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Continuous variables: Variable with a range of values (not restricted to specific 
categories). Age, heart rate and blood pressure are examples of continuous covariates in 
AWESOME 

Time to failure variables: variables involving time to an event such as death. In 
AWESOME, the primary response variables were time to event. Accordingly Kaplan-
Meier plots and log-rank testing were used to compare the control (CABG) and 
intervention (PCI) arms 

Variability: the situation where the same data, measured at different times, or on 
different people, or by different methods, yields different answers. This variation may be 
expressed quantitatively by the range, interquartile range or standard deviation. 

Variance: a measure of the variability in numeric data; the square root of the standard 
deviation. 

Volunteer bias: a bias that occurs because people who volunteer for studies may not be 
representative of the population to which the results are intended to apply. To assess this 
issue in AWESOME, we can compare the characteristics of the patients who ultimately 
were randomized with what we have called the 'patient choice registry', that is subjects 
who met the clinical criteria (medically refractory myocardial ischemia plus one or more 
of the high risk characteristics) plus the angiographic criteria for both CABG and PCI 
(accepted by both operators, but the refosed to allow themselves to be randomly 
allocated. 

Written consent: consent to participate in a randomized trial that involves patient 
signature, with witness. This is required by Veterans Affairs Cooperative Studies 
Program (CSP), Institutional Review Boards (IRB), Good Clinical Practice (GCPO, the 
Declaration of Helsinki, among many other. 

Z distribution: -normal distribution. 

Z score: the value from a standard (mean-0; variance=l) normal distribution. 

Z test: a statistical significance test concerning the mean of a population when the 
variance is known. When the variance is not known, the t-test is used instead. 
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