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Percutaneous coronary intervention (PCI) remains a major therapeutic option for the treatment of chronic coronary 
artery disease. In the COURAGE trial, 2287 patients with chronic coronary disease were randomized between PCI with 
medical management and medical management alone. Embedded within the COURAGE trial is a detailed economic 
analysis being conducted in three health care systems: the US Veterans Administration (VA), Canada, and the US 
non-VA. Resource use and costs are being collected for each system and overall. Survival is assessed internally in the trial with 
mean follow-up of 4.5 years. Long-term mean survival will be estimated by projecting survival beyond the trial period by 
extrapolating the in-trial hazard rates. Utility is being assessed at baseline and at 1, 3, and 6 months and annually 
thereafter, using a computer-administered standard gamble. Quality-adjusted life years are calculated by multiplying 
survival by utility. The incremental cost-effectiveness ratio of PCI will be defined as the additional cost of PCI divided by 
the gain in life years and quality-adjusted life years. The 95% confidence regions of efficacy and costs will be determined 
by bootstrap over a range of acceptability thresholds, which will then be displayed in the cost-effectiveness plane and as a 
cost-effectiveness acceptability curve. A multilevel regression model will assess cost-effectiveness from a net benefit 
perspective. These approaches should provide the most detailed assessment available of the cost-effectiveness of PCI for 
coronary artery disease. (Am Heart J 2006;151:1180-5.) 
COURAGE is a trial of two initial strategies to manage 

moderate to severe coronary disease, comparing 

percutaneous coronary intervention (PCI) with the best 

possible medical therapy to the medical therapy alone. 

This trial is underway at 45 medical centers in three 
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different health care systems: the US Department of 

Veterans Affairs (VA), US non-federal hospitals, and 

Canada. A total of 2287 patients have been randomized 

and are being followed up for a mean of 4.5 years. 

Although the primary end point is the composite of death 

or myocardial infarction, important secondary end points 

include cost, cost-effectiveness, and quality of life. 

Balloon angioplasty has been compared with medical 

therapy in three previous trials.1-3 Unfortunately, these 

small studies enrolled relatively stable patients who 

might not otherwise have been candidates for PCI. 

Follow-up medical care was not consistent, and there 

was no economic evaluation. 

COURAGE is much larger trial that involves patients 

with more severe coronary disease. It has enrolled 

individuals who would have received PCI and all have 

received aggressive medical therapy. COURAGE was also 

designed to assess the cost-effectiveness of PCI with 

medical therapy versus medical therapy alone. 

In an era when health care budgets are limited, 

economic evaluations provide a scientific method to find 
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the most appropriate allocation of finite resources. The 

purpose of this paper is to describe the methods 

associated with the economic study integrated into the 

design of COURAGE. 
Methods 
Our primary aim is to determine the incremental cost and 

effectiveness of PCI in the setting of optimal medical therapy. 

Comprehensive information on health care used by COURAGE 

participants will be gathered, including the direct inhospital 

cost of PCI, other healthcare costs, and indirect costs incurred 

by patients. This comprehensive approach was adopted 

because it is difficult to distinguish cardiac from noncardiac 

events and costs. 

We will express health care outcomes using quality-adjusted 

life years (QALYs), a morbidity-adjusted measure of survival. 

If one form of therapy is both more effective and more costly, 

we will calculate the incremental cost-effectiveness in 

dollars per life year and QALYs gained. For example, if PCI is 

both more effective and more costly, the resulting ratio will 

allow health care decision makers to evaluate the cost-

effectiveness of PCI versus medical therapy alone and to 

compare it with other health care choices. 

The two arms will be compared using the intention-to-treat 

principle. The perspective of all analyses will be societal. We 

will model long-term consequences and estimate cost-effec-

tiveness over a lifetime horizon. 

Primary aims of the economic analysis 
(1)	 To compare the total cost of treating patients who have 

documented coronary artery disease with both PCI and 

medical management with the total cost of medical 

management alone over 5 years. Cardiovascular costs are 

expected to dominate.4 

(2)	 To compare health outcomes, using quality of life measures, 

of patients randomized to each of the two treatment arms 

over 5 years. 

(3)	 To determine the incremental cost-effectiveness of PCI 

in dollars per QALY gained both in-trial and extended 

to lifetime. 

Secondary aims 
(1)	 To estimate the differences in types of resource utilization 

between the two arms, including hospitalizations, proce­

dures, length of stay, time to first hospitalization/proce-

dure, anti-anginal medications, diagnostic procedures, 

rehabilitation, and outpatient visits. 

(2)	 To determine the cost, effectiveness, and cost-

effectiveness of PCI in the three different health care 

systems (VA, Canada, US non-VA) as well as overall over 

5 years. 

(3)	 To compare the cardiac-specific cost of treating random­

ized patients with coronary artery disease with both PCI 

and medical management with the cardiac-specific cost of 

medical management alone over 5 years. 
Determination of costs 
COURAGE involves sites from three different medical care 

systems. This diversity of sites was intended so that findings 

will be widely applicable. However, this presents a challenging 

economic analysis. Our cost-determination method has features 

that are common to all three systems, but with adaptations to 

each. The same measures of health care utilization will be used 

in each system. The estimates of the cost of services will be 

specific to the system where care was provided, to provide the 

best information on the economic cost incurred. 

We will study the period from randomization until the end 

of the follow-up in the trial. When patients are randomized 

during a hospital stay, we will exclude the costs of the part of 

the stay that were incurred before randomization. 

Medication use during the follow-up period will be 

obtained from the case report forms. Because the randomized 

nature of this trial should equilibrate group differences in 

comorbidities and attendant medication needs, only cardiac-

related medications will be included. Medications reported at 

one visit and at the subsequent visit will be assumed to have 

been taken for the entire interim period. Otherwise, the 

medications will be assumed to not have been used during 

the period. Changes in dosage will be assumed to have 

occurred midway between reports. 

VA costs 
A cost function will be used to estimate the cost of 

hospitalization for heart disease. Gross costing will be used to 

determine other costs. This hybrid approach, applying the 

most refined method where accuracy is paramount, was 

recommended in US cost-effectiveness guidelines5 and by a 

VA panel.6 

We will take advantage of Decision Support System (DSS), 

the cost allocation system adopted by VA, to estimate the cost 

function. Cost allocation systems are more accurate than 

cost-adjusted charges, the standard method of characterizing 

US hospital costs.7 Yet DSS data are not available for the 

complete trial and some facilities do not accurately assign 

cardiac catheterization costs.8 Facilities with accurate DSS data 

on cardiac care have been identified. Because a few charac­

teristics explain most of the variation in hospitalization costs,9 

statistical cost functions can simulate costs. They have been 

used to estimate the cost of VA hospitalizations of patients with 

leukemia10 and acute myocardial infarction.11 

Our cost function will be estimated from DSS cost of cardiac 

stays at sites with the best DSS practices. Independent variables 

will be length of stay; days in intensive care; indicators of PCI, 

CABG, and other procedures; comorbidities; demographics; 

the Medicare wage index for the hospital location; and 

indicators of hospital teaching status. The function will be used 

to estimate the cost of VA cardiac stays, based on these same 

characteristics. We will consider the need for log transforma­

tion of the dependent variable and resulting correction for 

retransformation bias.12 

We will use the average cost estimates developed by the 

Health Economics Resource Center for all other care. Acute 

hospital costs will be based on cost functions estimated from 

Medicare data using Diagnosis Related Group (DRG), length of 

stay, and other characteristics, adjusted to reconcile to actual 

VA expenditures.8 Rehabilitation, psychiatric, and long-term 

hospital costs will be based on length of stay and daily cost 
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from VA administrative data. Outpatient costs will be estimated 

by applying Medicare and other charge schedules to the 

Current Procedural Terminology (CPT) codes recorded in VA 

outpatient databases and adjusted for VA expenditures.13 

Pharmacy costs will be from the cost schedule of the VA 

pharmacy benefits management system. We will add to this the 

mean dispensing cost reported in DSS. Costs that study 

participants incur outside of VA will be estimated using the 

methods used for US non-VA sites. 

US non-VA costs 
We will estimate inpatient hospital costs using information 

contained in the UB92 formulation of the hospital bill.4 Charges

will be adjusted with whole hospital cost-to-charge ratios from 

annual Medicare hospital cost reports. We opted not to adjust 

by department-level ratios because it is not possible to know if 

charges are consistently mapped into the same departments 

across hospitals.14 Furthermore, many departmental cost-to-

charge ratios are unavailable. For hospitals that cannot generate 

UB92s, we will use a billing summary. If none is available, we 

will use diagnoses data from study forms to assign each visit a 

DRG and estimate costs using study data from patients whose 

UB92 bills are available. 

Most physician professional costs are not included in the 

hospital bill. Mitchell15 analyzed the costs of physician services 

to inpatients in each DRG and expressed these as a percentage 

of hospital cost.15 We will multiply Mitchell’s DRG-specific 

percentages by cost-adjusted charges to estimate physician 

cost. We will use the DRG recorded on the UB92. If the DRG is 

not available, we will use the Medicare grouper software to 

assign a DRG based on diagnoses, procedures, age, sex, and 

discharge disposition. In the absence of these data, we will 

assign DRG based on diagnoses recorded on study forms. 

We will use Medicare reimbursement rates to estimate the 

cost of physician office visits, emergency department visits, 

outpatient procedures, home visiting nurse encounters, and 

stays in rehabilitation and skilled nursing facilities. A secondary 

analysis will utilize reimbursement rates for patients b65 years 

of age reported in the MEDSTAT claims database, which better 

reflects private insurance.16 

Medication costs will be estimated from the Red Book 

average wholesale prices (AWPs). When a price is not available 

for a particular dosage, we will interpolate prices of other 

doses. Medications are often sold at discount to AWP; 

sensitivity analysis will consider a range of discounts. 

Canadian costs 
Canadian hospitals are funded through governmental global 

budgets. As a result, hospital billing records for patients are 

generally not available. Recently, several Canadian hospitals 

have developed integrated, sophisticated costing and inpatient 

resource information systems. These hospitals have the 

capability to provide details of both resource use and resource 

costs for individual inpatient episodes. This information is 

primarily used to produce price weights for inpatient episodes 

by Case Mix Group (a Canadian system that characterizes 

hospital discharges by diagnosis similar to Medicare DRGs). 

For patients recruited at hospitals participating in the 

Ontario Case Costing Project (OCCP), patient-level hospital 

costs will be available.17 For patients recruited at hospitals not 

participating in OCCP, we will estimate costs for measured 
items of resources used based upon the study case report 

forms. Our strategy is to use data from OCCP hospitals to 

create a Canadian-specific regression model of hospitalization 

costs for patients in the COURAGE trial.18 For each patient in 

COURAGE in whom costs are directly measured, total per 

patient hospital cost will be used as the dependent variable. 

Independent variables will include utilization data collected in 

the hospitalization case report form (total length of stay, ICU 

days, catheterization, PCI, CABG, MRI, Holter monitor, etc) 

along with other demographic covariates (sex, age) and 

hospital characteristics (teaching status, hospital size, urban/ 

rural location). 

Physician reimbursement in Canada is reported separately 

from hospital accounts. Physicians submit claims directly to 

provincial Ministries of Health. These claims are based on 

billings specified in bfee schedules.Q Fee schedule(s) will be 

used to estimate billings for the physician services provided 

to the COURAGE trial participants.19 Physician service 

utilization information for patients will be obtained from the 

study research data forms. In addition to diagnostic and 

surgical procedures, physicians can claim reimbursement for 

consultations and assessments given to patients while they are 

in the hospital. 

For outpatient procedures, we will obtain a standard cost for 

each test/procedure from an OCCP teaching hospital and an 

OCCP non-teaching hospital. For pharmaceuticals standard unit 

costs based on an Ontario-wide formulary (Drug Benefit 

Formulary) will be used. 

Patient-incurred (indirect) costs 
Lost wages will be estimated using data from follow-up forms 

(time missed from work, work effectiveness, and classification 

of employment). Fully effective days of work lost for each 

follow-up period will be calculated by multiplying the number 

of days worked by one minus the effectiveness during that 

period and adding to that quantity the number of days missed 

from work. The dollar value of lost work will be calculated 

using the average wage of workers in similar employment 

classifications. For US participants, we will use average hourly 

earning reported in the US Bureau of Labor Statistics, Office of 

Compensation and Working Conditions. For Canadian partic­

ipants, we will use Statistics Canada data on Canadian salaries 

and earnings. Whether to include indirect costs of medical care 

within the numerator as part of cost or within the measure­

ment of utility is acknowledged to be controversial. Analyses 

will be offered with and without indirect costs. 

Trial-wide costing 
The system specific analyses above do not provide an 

overall analysis of costing or cost-effectiveness analysis. The 

trial-wide costing will apply an overall costing method based 

on US health care costs, to test the cost-effectiveness 

hypothesis from the point of view of decision makers in the 

US health care system. 

All hospitalizations will be assigned a DRG. Costs will be 

assigned using the average cost for by DRG from Medicare 

for the appropriate year.20 The intent is to include costs 

incurred after randomization. These are difficult to assess if the 

patient was randomized in the hospital. Stays in which a 

participant was randomized will be assigned a cost only if 

there was PCI and only the cost associated with PCI. This will 
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generally be the cost of a DRG for PCI without catheterization: 

DRG 517 (without stent) or 518 (with stent). Physician costs 

will be estimated by the method of Mitchell.15 As alternative, 

costs will be estimated from MEDSTAT and a blend with 

MEDSTAT below age 65 and Medicare age 65 and above. 

Outpatient office visits and procedures will be assigned a CPT 

code and then cost will be estimated from the Medicare fee 

schedule. Medications will be priced using Red Book AWP, 

with sensitivity analyses for discounting medications, as above. 

Indirect costs will be estimated using the methods for US 

non-VA costing. 

This analysis will also provide for sensitivity analyses 

considering the impact of drug-eluting stents. The DRG for 

drug-eluting stents can be used and then the costs related to 

restenosis decreased by 75%.21 

Utility determination 
Years of survival will be adjusted using health care utility, a 

measure of health status that varies from a low of zero, 

representing death, to high of one, representing ideal health. 

Health utilities allow quality of life to be compared with length 

of life. For example, 2 years of life in a health state with 

0.5 utility equates to 1 year in ideal health. 

The standard gamble is a widely accepted utility measure. 

This technique originated with von Neumann and Mogen-

stern. The patient is presented with a choice between 

continuing with current health and a treatment that would 

restore ideal health, but with a specified risk of immediate 

death. The assessment systematically varies the amount of risk 

until the patient is indifferent to the alternatives. Utility is one 

minus the amount of risk the patient is willing to accept to be 

restored to ideal health. For example, if a patient is indifferent 

between continuing with her current health and taking a 5% 

chance of immediate death to attain ideal health, her utility for 

current health is 0.95 (= 1 � 0.05). 

Standard gamble assessments are time-consuming and cog­

nitively challenging. To overcome these obstacles, an efficient 

and reproducible assessment has been developed. COURAGE is 

using the U-Titer computer program,23 embedded within an 

Epimetrics-designed application, to conduct the SF-36 and the 

Seattle Angina Questionnaire and to assess utilities. Use of the 

program standardizes quality of life assessment across sites. 

The program summarizes patients’ responses to the SF-36 and 

Seattle Angina Questionnaire. The summary is used to present 

the current health anchor in the standard gamble assessment.24 

Utility is assessed at randomization and again at 1, 3, and 

6 months and annually to the end of the trial. Assessments 

were scheduled more frequently at the beginning of the trial to 

capture any early differences caused by the intervention. 

Patients will be followed up for a minimum of 3 years and as 

long as 7 years. The first 2 weeks of patients’ post-randomiza-

tion course will be assigned the baseline utility. The 

subsequent period until 2 months post-randomization will be 

assigned the utility measured at 1 month. The period until 

4.5 months after randomization will be characterized by the 

3-month utility. We will use the midpoints between assess­

ments to define subsequent periods. For example, months 

4.5 to 9.0 will be assigned the 6-month utility. Quality-adjusted 

life years will be calculated by multiplying the duration of the 

period by assessed utility. Missing utility values will be 

estimated by multiple imputation.25 
Cost-utility analyses 
Costs will be adjusted for inflation using the all goods 

component of US Consumer Price Index.26 Costs will be 

discounted at 3% per year to reflect the lower economic value 

of deferred expenses.27 Quality-adjusted life years will be 

discounted at the same rate to reflect the greater value of 

near-term quality of life. 

If one form of therapy is both more effective and more 

costly, we will calculate the incremental cost-effectiveness in 

dollars per QALY gained. Cost-utility analysis determines the 

incremental cost of achieving an additional QALY by adopting 

the intervention.28,29 We will find the point estimate of the 

incremental cost-effectiveness ratio (ICER) for the more 

effective therapy by finding the increased mean cost (DCOST) 

and dividing it by the increase in mean QALYs (DQALY). We 

will estimate the 95% confidence region around this point by 

bootstrap.30 We will report the percentage of bootstrap 

replicates where PCI is dominant, where PCI is dominated, and 

where PCI is cost-effective over a range of thresholds. The 

results will be displayed in the cost-effectiveness plane and as 

cost-effectiveness acceptability curves, showing the probability 

that PCI is significantly cost-effective over the range of 

acceptability thresholds. 

The net benefit method compares the ICER to the maximum 

amount (E) that society is willing to pay to gain a QALY, or 
31DCOST / DQALY b E. The cost-effectiveness decision can be 

formulated as a question of whether the net-monetary-benefit 

(NMB) is greater than zero at a given willingness-to-pay 

threshold. The NMB is defined as E* (DQALY � DCOST). 

Alternatively, it can be formulated as the question of whether 

the net-health-benefit (NHB) is greater than zero. NHB is 

defined as (DQALY � DCOST) / E. 

NMB and NHB will be calculated at the patient level. We will 

use standard parametric regression methods to compare the 

means in PCI and medical therapy groups.32 Because of the 

multisite design of the trial, economic data will be clustered, 

that is, data specific to a given site may be correlated. Multilevel 

(hierarchical) regression models will be used to account for the 

intracluster correlation. An empirical Bayesian shrinkage factor 

will be applied to estimate site-specific cost-effectiveness. 

These will be applied using a range of willingness-to-pay 

thresholds.32,33

Time horizon 
We will consider cost-effectiveness over the first 5 years after 

randomization using data from the trial. We will also consider 

cost-effectiveness over the long-term. The cost of PCI is 

incurred immediately after randomization, but potential 

benefits may be realized beyond the end of the trial. We will 

construct a model to estimate the health care cost and QALYs 

beyond the end of the trial. 

Expected survival for each patient beyond the in-trial period 

will be estimated from the Saskatchewan Health Database.16,34 

Death hazards will be estimated for phases in which hazard 

rates are relatively constant.35 This method accounts for 

covariate data and in-trial events, including acute myocardial 

infarction and coronary surgery. Utility will be carried forward 

from the last available data. It will be assumed that there are no 

differences in cost in any period between the treatment arms 

after the in-trial period. If there is a difference in survival, then 

an estimate of the additional cost due to prolonged survival will 
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be made based on discounted in-trial costs.36 As a sensitivity 

analysis, the costs in the last 2 years of follow-up will be carried 

forward for 5 years, after which we will assume no difference 

in direct costs, except for additional cost due to prolonged 

survival. The ICER and its distribution, as well as net benefit, 

will be estimated as described above. 

Significance 
Percutaneous coronary intervention is a common and 

expensive form of therapy with N500 000 procedures 

performed annually in the United States. The COURAGE 

trial will be the first trial to enroll a sufficient number of 

appropriate participants, assessing PCI in patients who 

would otherwise undergo this intervention. COURAGE 

has sufficient power to assess the hard outcomes of death 

or myocardial infarction. The economic component of 

COURAGE will assess both the additional cost and 

cost-utility of PCI. The cost-utility analysis will be crucial 

to assessing if one of the therapeutic approaches offers a 

better clinical outcome at higher cost. The economics 

study has a number of critical features. First of all, it is 

thoroughly embedded within the trial structure. The 

major questions have been developed a priori, exactly as 

in the clinical component. Costs will be measured from 

patient level resource use, not simulated from summary 

tables. The utility of participants is being assessed 

directly, using the standard gamble. The size of the 

COURAGE trial and duration of follow-up will provide 

adequate statistical power for the economic component, 

which parallels the primary clinical outcome measure. 

COURAGE is also being conducted in three distinct health 

care systems, which will allow assessment of generaliz­

ability of cost-effectiveness. The COURAGE trial will 

provide crucial clinical and economic information to help 

guide both medical decision making and public policy. 
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