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Abstract

Establishing the validity of appropriate use criteria (AUC) for percutaneous coronary intervention 

(PCI) in the setting of stable ischemic heart disease can support their adoption for quality 

improvement. We conducted a post hoc analysis of 2,287 Clinical Outcomes Utilizing 

Revascularization and Aggressive Drug Evaluation trial patients with stable ischemic heart disease 

randomized to PCI with optimal medical therapy (OMT) or OMT alone. Within appropriateness 

categories, we compared rates of death, myocardial infarction, revascularization subsequent to 

initial therapy, and angina-specific health status as determined by the Seattle Angina Questionnaire 

in patients randomized to PCI D OMT to those randomized to OMT alone. A total of 1,987 

patients (87.9%) were mapped to the 2012 publication of the AUC, with 1,334 (67.1%) classified 

as appropriate, 551 (27.7%) uncertain, and 102 (5.1%) as inappropriate. There were no significant 

differences between PCI and OMT alone in the rate of mortality and myocardial infarction by 

appropriateness classification. Rates of revascularization were significantly lower in patients 

initially receiving PCI D OMT who were classified as appropriate (hazard ratio 0.65; 95% 

confidence interval 0.53 to 0.80; p <0.001) or uncertain (hazard ratio 0.49; 95% confidence 

interval 0.32 to 0.76; p = 0.001). Furthermore, among patients classified as appropriate by the 

AUC, Seattle Angina Questionnaire scores at 1 month were better in the PCI-treated group 

compared with the medical therapy group (80 ± 23 vs 75 ± 24 for angina frequency, 73 ± 24 vs 68 

± 24 for physical limitations, and 68 ± 23 vs 60 ± 24 for quality of life; all p <0.01), with 

differences generally persisting through 12 months. In contrast, health status scores were similar 

throughout the first year of follow-up in PCI D OMT patients compared with OMT alone in 

patients classified as uncertain or inappropriate. In conclusion, these findings support the validity 

of the AUC in efforts to improve health care quality through optimal use of PCI.

The appropriate use criteria (AUC) were developed through the collaborative efforts of 

multiple cardiovascular professional organizations to quantify the anticipated benefits of 

percutaneous coronary intervention (PCI), in terms of survival or health status outcomes, 

relative to the procedural risks for a given clinical scenario.1 Some have criticized the AUC 

for lacking evidence to support their validity, particularly as applied to patients with stable 

ischemic heart disease (SIHD).2,3 Providing empirical evidence to support the AUC ratings 

could enhance their use in supporting safer and potentially more cost-effective care. We 

leveraged the Clinical Outcomes Utilizing Revascularization and Aggressive Drug 

Evaluation (COURAGE) study, which randomized patients with SIHD to PCI and optimal 

medical therapy (OMT) or OMT alone, to assess the incremental benefits of PCI across 

different categories of appropriateness.4 Finding heterogeneity of health status treatment 

benefit with PCI that was greater in the more appropriate patients would validate the AUC as 

a tool for improving evidence-based and patientcentered care for patients with SIHD.
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Methods

Details of the COURAGE trial have been described previously.4,5 Briefly, from 1999 to 

2004, 2,287 of 3,071 eligible patients with stable coronary artery disease (CAD) were 

randomized at 50 US and Canadian centers to PCI with OMT or OMT alone. The study 

enrolled patients with at least a 70% diameter stenosis in 1 or more major epicardial 

coronary arteries and evidence of myocardial ischemia or a stenosis of at least 80% in 1 or 

more coronary arteries and classic angina pectoris without provocative testing. Patients were 

excluded if they had persistent Canadian Cardiovascular Society (CCS) class IV angina 

symptoms, a markedly positive stress test (substantial ST-segment depression or hypotensive 

response during stage 1 of the Bruce protocol), refractory heart failure or cardiogenic shock, 

the ejection fraction of <30%, revascularization in the previous 6 months, and coronary 

anatomy that was not amenable to PCI. Randomized patients were followed for a median 4.6 

years (range 2.5 to 7.0 years).

Details regarding the methodology of AUC development have been described previously.1 In 

the AUC, PCI was considered “appropriate” for a clinical scenario when the expected 

benefits, in terms of survival or quality of life, exceeded the expected negative consequences 

of the procedure and “inappropriate” when the perceived risks outweighed potential benefits. 

Classification as “uncertain” in the AUC implies inadequate data to classify the balance of 

anticipated risk and benefit definitively. In patients with SIHD being considered for PCI, the 

principal determinants of procedural appropriateness were (1) extent of CAD, (2) ischemic 

risk, as determined by noninvasive testing, (3) intensity of antianginal therapy, and (4) 

symptom burden, as determined by CCS class.1 COURAGE was designed before to the first 

publication of AUC for PCI. We used baseline clinical and angiographic data to map 

COURAGE trial patients to an AUC scenario, which was then categorized as “appropriate,” 

“uncertain,” or “inappropriate” based on the 2012 publication of the AUC.1

Ascertainment of clinical outcomes in the COURAGE trial has been previously described.4 

The primary outcome measure was a composite of death from any cause and nonfatal 

myocardial infarction (MI). Clinical outcomes were adjudicated by an independent 

committee whose members were blinded to patients’ treatment assignments. COURAGE 

also collected information on patient-reported health status, which was assessed using the 

Seattle Angina Questionnaire (SAQ) at baseline and at the 1-, 3-, 6-, 12-, 24-, and 36-month 

follow-up visits. The SAQ is a 19-item questionnaire that quantifies the frequency of angina, 

any recent change in the severity of angina, physical limitations because of angina, 

satisfaction with treatment, and quality of life.6–8 Scores range from 0 to 100, with higher 

scores indicating better health status. For this study, we focused our analyses on the most 

relevant SAQ domains: angina frequency, physical limitation, and quality of life. A clinically 

significant change is defined as a difference of ≥20 on the angina frequency scale, ≥8 points 

on the physical limitation scale, and ≥16 on the quality of life scale.9

To ensure balance between treatment strategies within each appropriateness category, we 

stratified COURAGE participants by their appropriateness class and compared baseline 

characteristics between PCI and OMT-only patients, including demographics, coronary 

anatomy, ischemic risk by noninvasive testing, medical therapy, symptom burden by CCS, 
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and patient-reported health status of patients, within each AUC classification. Categorical 

variables were compared using frequencies and the chi-square tests or Fisher’s exact test, 

and means ± SD and t tests were used for continuous variables.

Within each appropriateness category (appropriate, uncertain, and inappropriate for PCI), we 

compared rates of death, nonfatal MI, and revascularization procedures subsequent to initial 

therapy in patients randomized to PCI + OMT to those randomized to OMT alone with 

Kaplan-Meier survival curves and log-rank tests. Similarly, within each appropriateness 

category, we evaluated whether there were differences in SAQ scores over time between 

patients randomized to PCI versus OMT alone. We compared SAQ scores for the angina 

frequency, physical limitations, and quality of life domains at baseline, 1, 3, 6, 12, 24, and 

36 months using t tests. We then determined if SAQ scores were different for PCI versus 

OMT alone for different levels of appropriateness by test of interaction (appropriateness 

category by treatment) at these time points.

We also conducted repeated-measures analyses of the scores and the change from baseline 

of scores over time using maximum likelihood methods to estimate the average benefit of 

PCI over time. For these analyses, intermittent missing data (e.g., a missing observation at 6 

but not at 12 months) were imputed using multivariate imputation by chained equations.10 

We included in the models the squared and cubed effect of time and the interactions with 

treatment and appropriateness because of the rapid improvement in patients’ health status 

after randomization. A level of significance of p <0.01 was used for all analyses, consistent 

with all COURAGE post hoc analyses.

Results

Of the 2,287 patients randomized in the COURAGE trial, 1,987 (88%) could be mapped to 

the AUC at baseline, with most unmapped patients because of a lack of stress testing. 

Among patients mapped to the AUC, 986 (50%) were randomized to PCI + OMT as initial 

treatment and 1,001 (50%) to OMT alone. Of the patients who received PCI, 654 (66%) 

were classified as appropriate, 279 (28%) as uncertain, and 53 (5%) as inappropriate. Of the 

patients who received OMT alone, 680 (68%) were classified as appropriate, 272 (27%) as 

uncertain, and 49 (5%) as inappropriate.

As would be expected by randomization, patient characteristics were similar by treatment 

strategy within each appropriateness category (Table 1). Although patients were similar 

across treatment strategies, within categories of appropriateness, patient characteristics 

differed across categories of appropriateness (Supplementary Table 1). Compared with 

patients classified as inappropriate, those patients classified as appropriate were more likely 

to have multivessel disease, use ≥2 antianginal medications, and have at least CCS I angina. 

Furthermore, baseline SAQ scores for angina frequency, physical limitation, and quality of 

life were much lower, reflecting worse baseline health status in patients classified as 

appropriate.

Outcomes of death, nonfatal MI, and revascularization stratified by appropriateness 

classification and initial treatment are listed in Table 2. There were no significant differences 
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in the rates of death, MI, or the composite outcome of both comparing PCI versus OMT 

alone within each appropriateness category, and there was no significant interaction between 

the appropriateness categories and treatment. Of patients classified as appropriate or 

uncertain, those randomized to PCI + OMT were significantly less likely to undergo 

subsequent revascularization procedures. Rates of subsequent revascularization were not 

statistically different between treatment arms for patients classified as inappropriate for PCI, 

and the interaction between appropriateness category and treatment was not significant for 

subsequent revascularization.

There were significant differences in the benefits of PCI for health status outcomes by 

appropriateness category. Among patients classified as appropriate, scores for angina 

frequency were significantly better in patients treated with PCI than OMT alone at 1 month 

and throughout the first 2 years of follow-up (Figure 1). Similarly, physical limitation and 

quality of life scores for patients with appropriate indications for revascularization were 

significantly higher in patients treated with PCI, compared with OMT alone, throughout the 

first 6 months of follow-up. In patients classified as uncertain for PCI, health status scores 

for all 3 SAQ domains were similar throughout follow-up between patients treated with PCI 

and OMT alone (Figure 2). Finally, there were no differences in health status scores between 

the 2 treatment groups for patients classified as inappropriate for PCI (Figure 3). Despite 

these differences by treatment within appropriateness categories, the interactions of 

appropriateness category by treatment were not significant for any of the SAQ domains (p 

>0.05 for all domains at all time points), likely because of the small sample of inappropriate 

patients randomized in COURAGE. The comparisons between PCI and OMT alone for each 

category of appropriateness are provided in the Supplementary Table 2.

Repeated-measures analyses agreed with the primary findings (Supplementary Table 3). The 

repeated-measures analysis suggested that the average benefit of PCI + OMT relative to 

OMT alone was 8.7 points higher in patients classified as appropriate versus uncertain and 

5.3 points higher for patients classified as uncertain versus inappropriate. The differences 

were 6.1 and 5.5 points for the SAQ quality of life and 7.4 and 5.1 points for the SAQ 

physical limitation scales, respectively (p <0.001 for all).

Discussion

Using the randomized allocation of revascularization in the COURAGE trial, we found that 

patients with SIHD rated appropriate for revascularization had better health status in the year 

after treatment with PCI + OMT than those treated with OMT alone. In contrast, there were 

no significant differences in patients’ health status after treatment with PCI in patients rated 

uncertain or inappropriate for PCI. PCI was also associated with lower rates of 

revascularization subsequent to initial therapy in patients rated as appropriate or uncertain 

for the procedure. In contrast, PCI was not associated with lower rates of mortality or 

nonfatal MI for any AUC category. Collectively, our findings provide empirical evidence to 

validate the AUC, by affirming the benefits of revascularization for reducing angina in 

patients with SIHD and an appropriate indication for PCI.
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Although criteria to assess the appropriateness of coronary procedures were first developed 

nearly 30 years ago,11 their validity in assessing the quality of care have remained in 

question. This concern relates to the consensus method by which AUC are developed and 

the lack of prospective validation of the criteria.12–15 The present study adds significantly to 

previous observational studies that have examined the validity of the AUC for invasive 

coronary procedures. Many of these previous studies are not contemporary,16–19 were 

limited to the evaluation of coronary angiography rather than coronary revascularization,
16,17 or did not assess health status outcomes in addition to mortality and acute coronary 

syndrome events—a notable limitation as the primary potential benefit of PCI in SIHD is to 

improve patients’ health status.16,17,20 Furthermore, as these previous studies evaluated the 

relation between procedural appropriateness and outcomes in routine clinical practice, there 

was the potential for selection bias as to who received revascularization under a given 

appropriateness rating. Our study was able to assess the validity of the AUC in the context of 

the COURAGE trial, which is less susceptible to selection bias given that the decision to 

treat patients with SIHD using PCI or medical therapy alone was randomized.

We found that, compared with OMT alone, patients with SIHD treated with PCI with 

appropriate indications for intervention had notable and sustained 1-year gains in angina 

frequency, physical limitations, and CAD-related quality of life, whereas there were no 

significant or sustained improvements with PCI in any of these health status domains in 

patients with uncertain or inappropriate AUC indications. It is important to note that 

COURAGE patients classified as inappropriate for PCI had generally good baseline health 

status, as reflected by their SAQ scores. In comparison, patients classified as appropriate had 

much lower baseline health status. These baseline comparisons offer additional face validity 

to the AUC given that the opportunity for health status improvement is much more limited in 

those with high SAQ scores and favorable health status before treatment. In fact, nearly 75% 

of patients classified as inappropriate for revascularization were asymptomatic and did not 

have the potential to have improved angina control as they had no angina to begin with.

Recent studies applying contemporary AUC to PCI registries in the United States suggest 

that at least 12% to 17% of PCIs performed for patients with SIHD are categorized as 

inappropriate.21–23 Application of the AUC represents an opportunity to improve PCI 

quality by reducing unnecessary complications and resource utilization associated with 

inappropriate procedures. Accordingly, ascertainment of procedural indication to inform PCI 

appropriateness has been incorporated in recently published PCI performance measures.24 

Furthermore, open discussion with the patient about procedural appropriateness as a 

measure of anticipated procedural benefits relative to risks may lead to more patient-

centered decisions in the use of revascularization therapy. From our findings, clinicians 

could inform patients rated as “appropriate” for PCI that they are, on average, more likely to 

have a better health status over time with PCI compared with OMT. Conversely, among 

those rated as “inappropriate,” there is unlikely to be any difference in their health status 

with the more invasive PCI strategy. The findings of the present study support the validity of 

the AUC in guiding future quality improvement efforts and patient-centered care.

The present study should be considered in light of the following potential limitations. 

Although we have complete outcomes for death and nonfatal MI, there were missing health 
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status outcomes in COURAGE. Although we did not observe differences in the 

completeness of follow-up across treatment groups,10 we cannot exclude the possibility of 

some bias in our estimates. However, the results of our repeated-measures analyses that 

accounted for missing data were consistent with our primary findings. A second potential 

limitation relates to the number of inclusion and exclusion criteria in COURAGE (e.g., left 

main disease, depressed ejection fraction) that preclude a complete assessment of all the 

AUC scenarios; therefore, our findings are not generalizable to these patient populations. 

Similar concerns about the generalizability of the COURAGE trial in relation to women and 

nonwhites also pertain to the present analysis. A third concern is that the entry criteria for 

COURAGE led to the vast majority of patients being appropriate for revascularization, and it 

is possible we were underpowered in our ability to precisely define the benefits or harms of 

PCI in patients considered inappropriate for PCI. This limitation in power is further 

suggested by the lack of statistical significance for our tests of interaction of appropriateness 

category by treatment for any of the SAQ domains and the lack of clinical significance in 

SAQ score differences. A fourth concern relates to the control arm of medical therapy being 

administered to a very high standard in the trial, which may be challenging to achieve in 

clinical practice.25–27 This may affect the relative difference in health status between PCI 

and OMT alone for SIHD when applied to routine clinical practice. Although randomization 

was preserved in the 2 treatment arms in the AUC subgroups, this study was a post hoc 

analysis, and thus, the results should be considered exploratory and hypothesis generating. 

Furthermore, the results from COURAGE do not reflect recent advances in PCI, particularly 

with drugeluting stents.4,10 Additionally, COURAGE had a minority of patients with 

moderate or severe ischemia.28 Patients with a greater degree of ischemia are currently being 

studied in the International Study of Comparative Health Effectiveness With Medical and 

Invasive Approaches trial.29 It is also important to note that the AUC reflect a large number 

of clinical scenarios that are categorized into 3 broad categories of appropriateness. We are 

unable to assess for heterogeneity of effect within categories of appropriateness in the 

present study given our sample size, and this is an important area for future research. Finally, 

the results of the COURAGE trial reflect an initial strategy of PCI + OMT versus OMT 

alone. Just under one third of patients in COURAGE crossed over from OMT to PCI during 

followup.4 As the use of subsequent revascularization is a process of care that does not 

reflect the initial decision to perform PCI, we did not separately analyze the outcomes of the 

subgroup of crossover patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mean angina frequency scores over time by appropriateness classification. *p <0.01.
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Figure 2. 
Mean physical limitation scores over time by appropriateness classification. *p <0.01.
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Figure 3. 
Mean quality of life scores over time by appropriateness classification. *p <0.01.
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