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Abstract

Importance—Diagnostic coronary angiography in asymptomatic patients may lead to
inappropriate percutaneous coronary intervention (PCI) due to a diagnostic to therapeutic cascade.
Understanding the relationship between patient selection for coronary angiography and PCI
appropriateness may inform strategies to minimize inappropriate procedures.

Objective—To determine if hospitals that frequently perform coronary angiography in
asymptomatic patients, a clinical scenario wherein the benefit of angiography is less clear, are
more likely to perform inappropriate PCI.

Design, Setting and Participants—Multicenter observational study of 544 hospitals
participating in the CathPCI Registry® between July 2009 and September 2013.

Measures—Hospital proportion of asymptomatic patients at diagnostic coronary angiography
and a hospital's rate of inappropriate PCI, as defined by 2012 Appropriate Use Criteria for
coronary revascularization.

Results—Of 1,225,562 patients who underwent elective coronary angiography, 308,083 (25.1%)
were asymptomatic. The hospital proportion of angiograms in asymptomatic patients ranged from
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1.0% to 73.6% (median 24.7%, interquartile range 15.9% to 35.9%). By hospital quartiles of
asymptomatic patients at angiography, hospitals with higher rates of asymptomatic patients at
angiography had higher median rates of inappropriate PCI (14.8% vs. 20.2% vs. 24.0 vs. 29.4%
from lowest to highest quartile, P<.001 for trend). This was attributable to more frequent use of
PCI in asymptomatic patients at hospitals with higher rates of angiography in asymptomatic
patients (inappropriate and asymptomatic PCI; 5.4% vs. 9.9% vs. 14.7% vs. 21.6% from lowest to
highest quartile, P<.001 for trend). Hospitals with higher rates of asymptomatic patients at
angiography also had lower rates of appropriate PCI (38.6% vs. 33.0% vs. 32.3% vs. 32.9%%
from lowest to highest quartile, P<.001 for trend).

Conclusions and Relevance—In a national sample of hospitals, performing coronary
angiography on asymptomatic patients was associated with higher rates of inappropriate PCI and
lower rates of appropriate PCI. Improving pre-procedure risk stratification and thresholds for
coronary angiography may be one strategy to improve the appropriateness of PCI.

Increasing attention is being given to proper patient selection for coronary procedures to
avoid unnecessary procedural risks and costs. This is evident in the proliferation of
Appropriate Use Criteria (AUC) to assess patient selection for coronary procedures.1-2
Application of the AUC for coronary revascularization has demonstrated wide facility-level
variation in the quality of patient selection for elective percutaneous coronary intervention
(PCI), with hospital rates of inappropriate PCI ranging from 0 to 55%.3 These findings
suggest opportunities to improve patient selection for coronary procedures as part of
improving healthcare quality.

In light of these findings, strategies to minimize inappropriate PCI have emphasized the
interventional cardiologist by ensuring revascularization is warranted after completion of the
diagnostic angiogram, particularly when PCI is considered in the same session (i.e. ad hoc
PCI).4® This approach fails to address the potential importance of patient selection for
diagnostic coronary angiography—an invasive procedure requested by a range of provider
types and specialties. As an example, the clinical benefit of coronary angiography and PCI is
unclear among patients without ischemic symptoms.1-26 Given the potential for a diagnostic
to therapeutic cascade in which an initial diagnostic test triggers subsequent treatments
regardless of anticipated clinical benefit,”2 it is possible greater use of angiography in
asymptomatic patients leads to more frequent AUC-defined inappropriate PCI.
Alternatively, as the decision to proceed with PCI can be made independently of the
decision to undertake coronary angiography, patient selection for angiography and PCI may
be unrelated. Understanding the relationship between patient selection for coronary
angiography and appropriate use of PCI may guide future strategies to improve patient
selection for both procedures.

We sought to determine if hospitals’ rates of performing elective coronary angiography in
asymptomatic patients are associated with their rates of PCI appropriateness in a national
sample of hospitals participating in the CathPCI Registry. We determined the hospital
proportion of asymptomatic patients at coronary angiography as a facility-level measure of
patient selection for elective angiography. We emphasized symptom status in assessing
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patient selection for coronary angiography given the implications of symptoms on the
appropriateness of PCI.

METHODS

Data Source

The CathPClI Registry is the largest registry of diagnostic cardiac catheterization and PCI in
the U.S., with more than 1,400 participating centers.19:11 Captured data includes patient and
hospital characteristics, procedural indication, findings, interventions, and outcomes based
on pre-specified data elements.12 Data quality assurance is achieved through automatic
system validation and reporting of data completeness, education and training for site data
managers, and random on-site auditing. The audit process includes more than 50 fields (with
fields rotating in a 3-year cycle) with between 300 to 625 records audited annually at 25
randomly identified sites (i.e., 12 to 25 records per audited site).13:14

Study Population

We identified 2,239,720 patients undergoing elective (non-acute) diagnostic coronary
angiography and 660,932 patients undergoing elective PCI at 1,516 CathPClI participating
hospitals between July 2009 and September 2013. Coronary angiography and PCI for acute
indications, including acute coronary syndromes, acute myocardial infarction, or cardiogenic
shock, were not included. Of patients with elective indications for coronary angiography, we
excluded 521,437 (23.3%) patients undergoing angiography performed in consideration of
transplantation, prior cardiac transplantation, or evaluation of cardiomyopathy. Of patients
undergoing elective PCI, we excluded 272,733 (41.3%) that could not be mapped to the
AUC due to missing necessary data elements (e.g. honinvasive stress test results). We also
excluded 393 (25.9%) sites with annual non-acute PCI volume < 50 to avoid inflation of
variance due to small numbers. Additionally, as not all participating hospitals report
angiograms, we excluded 579 (38.2%) hospitals reporting fewer than 50% more elective
diagnostic coronary angiograms relative to elective PCI (ratio of coronary angiography to
PCI less than 1.5 to 1). Our final analytic cohort included 544 hospitals that performed
1,225,562 elective coronary angiograms and 203,158 elective PCI.

Assessing PCI Appropriateness

Each PCI in our cohort was mapped to an AUC clinical indication using algorithms to assign
procedural appropriateness of “appropriate”, “uncertain”, or “inappropriate”, based upon the
2012 publication of the AUC.! In these criteria, PCI are considered inappropriate when the
procedure is unlikely to improve the patient's health status (symptoms, function, or quality
of life) or survival.1:315 The 2012 AUC were applied as they provide greater specificity in
defining non-acute indications than 2009 criteria.1-16

Statistical Analysis

For each hospital, we determined the proportion of asymptomatic patients (“no symptoms,
no angina” per CathPCI Registry data element #5000) among those undergoing elective
diagnostic coronary angiography. We compared patient and hospital level characteristics
across quartiles of hospitals’ proportions of asymptomatic patients at angiography. We also
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compared baseline patient characteristics at elective PCI by hospital quartiles of
asymptomatic patients at angiography. Comparisons of patient characteristics were
completed using linear trend tests for continuous variables and Mantel-Haenszel trend test
for categorical variables. Comparisons of hospital-level characteristics were completed
using Mantel-Haenszel trend tests, with the exception of median procedural volumes that
were compared using Kruskal-Wallis test.

We then plotted each hospital's proportion of inappropriate PCI against their proportion of
angiography performed in asymptomatic patients and assessed the relationship using
Spearman's correlation coefficient. We compared hospital median PCI appropriateness
ratings by hospital quartiles of asymptomatic patients at angiography using the Kruskal-
Wallis test. Further, we compared the proportion of inappropriate PCI attributable to being
performed in asymptomatic patients by hospital quartiles of asymptomatic patients at
angiography using Mantel-Haenszel trend tests.

Sensitivity Analysis
To ensure findings from our primary analysis did not reflect inclusion of hospitals that did
not report all angiograms to CathPCI Registry (in the absence of performing PCI), we
repeated our analyses after excluding facilities with less than twice as many elective
angiograms reported than elective PCI (ratio less than 2 to 1).

All statistical analyses were performed with SAS 9.2 (SAS Institute, Inc, Cary, NC) and
evaluated at a significance level of 0.05. Waiver of written informed consent and
authorization for this study was granted by Chesapeake Research Review Incorporated.

RESULTS

Elective Diagnostic Coronary Angiography

Of the 1,225,562 patients who underwent elective diagnostic coronary angiography, 308,083
(25.1%) were asymptomatic at the time of angiography. The median hospital proportion of
angiography performed in asymptomatic patients was 24.7%, with an interquartile range
from 15.9% to 35.9% and a range from 1.0% to 73.6% (Figure 2). Categorized by quartiles,
the median proportion of asymptomatic patients was 12.1% in lowest-quartile hospitals,
20.3% in second lowest-quartile, 30.2% in second highest-quartile, and 43.2% in highest-
quartile hospitals (Table 1).

Comparisons across hospital quartiles of asymptomatic patients at angiography were
statistically significant for all baseline characteristics given our large sample size; however,
most differences were small. Results of coronary angiography demonstrated slightly higher
rates of obstructive coronary disease among patients at hospitals with higher rates of
angiography in asymptomatic patients (43.6% vs. 44.7% vs. 45.6% vs. 45.8%, P<.001 for
trend).

In the evaluation of hospital characteristics, hospitals with a higher proportion of
asymptomatic patients at angiography were more likely to be a teaching hospital (32.4% vs.
43.4 vs. 47.1 vs. 53.7%, P<.001). Procedural volumes were slightly lower at hospitals with
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higher rates of asymptomatic patients at angiography, although this was only statistically
significant for elective angiography volumes (Table 2).

Elective PCI

In the 203,158 patients who underwent elective PCI, comparisons across hospital quartiles
of asymptomatic patients at coronary angiography were statistically significant for most
comorbidities and risk factors given our large sample size; however, differences were small
(Table 3). Patients receiving PCI at hospitals with more asymptomatic patients were slightly
less likely to receive anti-anginal medications prior to PCI (2 or more anti-anginals 25.1%
vs. 23.9% vs. 23.7% vs. 22.9%, P<.001). Use of pre-procedural stress testing was higher
among patients receiving PCI at hospitals with higher rates of angiography in asymptomatic
patients (61.4% vs. 66.8% vs. 69.6% vs. 68.8%, P<.001 for trend).

PCI Appropriateness by Hospital Rate of Asymptomatic at Angiography

The hospital proportion of angiography performed in asymptomatic patients was positively
associated with rates of inappropriate PCI (Figure 3) (Spearman rho = 0.51; P<.001).
Similarly, by hospital quartiles of asymptomatic patients at angiography, hospitals with
higher rates of asymptomatic patients at angiography had higher median rates of
inappropriate PCI (14.8% vs. 20.2% vs. 24.0% vs. 29.4%, P for trend <.001) (Table 4).
Hospitals with higher rates of asymptomatic patients at angiography also had lower rates of
‘uncertain’ PCI and lower rates of appropriate PCI (38.6% vs. 33.0% vs. 32.3% vs. 32.9%, P
for trend <.001). At the patient level, the rate of inappropriate PCI was attributable to more
frequent use of PCI in asymptomatic patients at hospitals with higher rates of angiography
performed in asymptomatic patients (Figure 4). These findings were unchanged in our
sensitivity analysis of hospitals reporting at least twice as many elective coronary
angiograms as elective PCI (Online Supplement).

COMMENT

We sought to determine if hospital-level patient selection for diagnostic coronary
angiography, as assessed by symptom status at the time of the procedure, is associated with
PCI appropriateness. In 544 hospitals participating in the CathPCI Registry that performed
elective coronary angiography on more than 1 million patients, 25% of patients were
asymptomatic at the time of coronary angiography. We observed marked variation in the
hospital rate of angiography performed in asymptomatic patients, ranging from 1.0% to
73.6%. Hospitals with higher rates of asymptomatic patients at angiography also had higher
rates of inappropriate PCI, due to greater use of PCI in asymptomatic patients. Hospitals
with higher rates of asymptomatic patients at angiography also had lower rates of
appropriate PCI. These findings suggest patient selection for coronary angiography is
associated with the quality of patient selection for PCI as determined by Appropriate Use
Criteria.

In a prior study from the CathPCI Registry, the hospital rate of inappropriate PCI was
observed to vary from 0 to 55%.3 This variation has subsequently been observed in other
regional PCI quality improvement programs.17:18 In these studies, PCI performed in
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asymptomatic patients was found to account for nearly half of the procedures categorized as
inappropriate.3 Other factors accounting for PCI being classified as inappropriate included
submaximal anti-anginal therapy or low ischemic risk by pre-procedural stress testing.3-17
These findings prompted suggestions by interventional cardiology associations to ensure the
patient's symptom status, medical regimen, and ischemic risk are assessed upon completion
of the coronary angiogram to confirm revascularization is warranted prior to proceeding
with PC1.4

Although a strategy of clinical assessment immediately prior to PCI may minimize
inappropriate use of the procedure, our findings suggest an opportunity to address patient
selection upstream of the catheterization laboratory to optimize use of both angiography and
PCI. Our findings of hospital variation in patient selection for angiography as determined by
symptom status complement a prior study in which hospital rates of obstructive coronary
disease were used as a measure of patient selection for the procedure.1® In this prior study,
the median hospital rate of obstructive coronary angiography (defined as stenosis > 50% left
main or > 70% in any other epicardial coronary) was 30% and ranged from 15% to 100%.
Together, these findings suggest strategies are needed to improve patient selection for
coronary angiography, a procedure requested by a range of provider types and specialties for
more than 1 million U.S. patients annually at an average cost of $9000 per procedure.20:21

Concerns for a diagnostic to therapeutic cascade have long been present in the use of
coronary angiography and PCI.7~9 In this cascade, PCI is performed for obstructive coronary
lesions identified at angiography, regardless of whether revascularization is indicated.2?
However, prior studies were limited to comparison of rates of diagnostic and therapeutic
coronary procedures as indirect evidence of this cascade. Our study provides more direct
evidence of this cascade based on assessment of the clinical scenarios for angiography and
PCI.

While proposals to reassess the indication for PCI at the completion of angiography may
inhibit the so called “oculostenotic reflex” leading to a therapeutic cascade,*>23 optimal
patient selection for coronary angiography may reduce the opportunity for this cascade
altogether. As a corollary, ensuring the indication for both coronary angiography and
potential PCI are addressed prior to the catheterization laboratory may reduce barriers to
appropriate use of ad hoc PCI; a procedural strategy that reduces patient inconvenience and
cost.22:23 Thus, the onus on proper patient selection for PCI rests not only with the
interventional cardiologist, but equally with the referring physicians (e.g. cardiologists,
internists, family physicians) for coronary angiography.

Possible reasons for a diagnostic to therapeutic cascade in the use of coronary procedures
include perceived patient expectations, 26 a belief in the benefits of PCI for ischemia, and
the open artery hypothesis.22 We observed greater use of pre-procedural stress testing
among patients receiving PCI at hospitals with higher rates of angiography in asymptomatic
patients; a finding that is consistent with use of screening stress testing to identify silent
ischemia leading to angiography and PCI despite uncertain benefit.1:27:28 An emphasis on
screening of asymptomatic patients with clinical risk factors may also explain the minimal
differences in patient characteristics across hospital quartiles. It is worth noting the AUC for
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Coronary Revascularization considers PCI in asymptomatic patients with CAD involving
the left main coronary, proximal left anterior descending coronary, or 3-vessel CAD to be at
worst of “uncertain” appropriateness. Thus, our findings do not reflect greater use of PCI in
patients with high-risk CAD at hospitals performing more angiography in asymptomatic
patients. Potential approaches to addressing gaps in proper patient selection for invasive
coronary procedures include greater patient involvement in the decision process,? patient
decision support,3%:31 and application of the AUC in measurement, reporting, and clinical
decision support.

Previously, the rate of normal coronary angiography has been proposed as an indirect
measure of the quality of patient selection for angiography.32-34 We observed a rate of
obstructive coronary disease that was slightly higher at hospitals with a larger proportion of
asymptomatic patients at angiography. This suggests the results of angiography may not
accurately reflect the quality of patient selection as determined by pre-procedural
characteristics of clinical decision-making. In addition, the facility rate of obstructive
coronary disease lacks a target for quality improvement in patient selection. Alternatively,
an emphasis on procedural indication reflected by symptoms, ischemic risk, and the
potential implications of angiographic findings may support strategies to ensure patients
selected for angiography are anticipated to benefit from the procedure.

Our study should be considered in light of the following limitations. First, the decision to
proceed to coronary angiography often incorporates an understanding of the patient's global
coronary risk, noninvasive study results, and symptoms. This approach is the basis for
recently published AUC for diagnostic coronary angiography.2 In our approach to
ascertaining patient selection for coronary angiography, we were unable to use these AUC
due to high rates of missingness for elements necessary to estimate Framingham risk (99%
missing) or noninvasive study results (38% not performed, 33% missing results). As patient
symptoms were uniformly collected, we emphasized this pre-procedural data element as our
primary mode of ascertaining patient selection for the procedure. As the decision to proceed
with coronary angiography is not a mandate to proceed to PCl, these findings are not a
tautology of the AUC. Second, our study does not address the clinical outcomes associated
with a strategy of performing PCI in asymptomatic patients and although the clinical benefit
of coronary angiography in asymptomatic patients is less clear, this does not equate to an
inappropriate procedure. Application of the AUC for coronary angiography as a more
inclusive measure of patient selection in diagnostic coronary angiography is an area for
future research. Third, we are unable to ensure hospitals included in the analysis reported all
coronary angiograms to CathPCl Registry, as reporting of coronary angiography is
voluntary in the program. However, sensitivity analysis suggests our findings were not
influenced by inclusion of hospitals with incomplete reporting of angiography data. Fourth,
CathPCI Registry data elements do not include all possible indications for coronary
angiography, with a notable example being angiography performed prior to consideration of
valve surgery. However, failure to exclude these patients would likely bias our association
toward the null as evidence of obstructive coronary disease in this population would likely
lead to coronary bypass at the time of valve surgery rather than PCI. Fifth, the
generalizability of our findings may be impacted by the limitation of our analysis to
hospitals that participated in the CathPCI Registry and performed at least 50 elective PCI
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annually. However, studies have demonstrated the appropriateness of coronary procedures
performed in non-CathPClI Registry hospitals are comparable to those observed within the
registry.1” Sixth, we cannot exclude potential misclassification of patient symptoms.
However, we are reassured by findings congruent with more aggressive use of coronary
procedures at hospitals with more asymptomatic patients, including lower use of anti-
anginal medications and lower symptom severity among those patients with angina.
Seventy, although we explored facility-level factors associated with rates of angiography in
asymptomatic patients, our analysis does not define hospital factors that are correlated with
rates of inappropriate PCI. Eighth, current AUC consider the implications of fractional flow
reserve in assessing the physiologic significance of CAD in a limited number of PCI
scenarios.1:3538 However, recent data from the CathPCI Registry demonstrates fractional
flow reserve is performed in only 6% of patients with intermediate coronary lesions
(40-70% stenosis).3” Finally, we are unable to comment on the potential for underuse of
invasive coronary procedures as we lacked data on patients who do not undergo the
procedure.

In conclusion, at 544 U.S. hospitals participating in the CathPCI Registry, approximately 1
in 4 patients were asymptomatic at the time of elective coronary angiography. We observed
wide hospital-level variation in the rate of asymptomatic patients at angiography, and higher
hospital rates were associated with higher rates of inappropriate PCI and lower rates of
appropriate PCI. Current emphasis on proper patient selection for PCI alone fails to address
the dramatic variation in the use of upstream diagnostic coronary angiography. Furthermore,
strategies upstream of the cardiac catheterization laboratory to improve patient selection for
coronary angiography may concurrently reduce inappropriate use of PCI and barriers to
appropriate use of ad hoc PCI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Coronary Angiography and Percutaneous Coronary Intervention

1,516 NCDR Participating Hospitals Performed
2,239,720 Elective Coronary Angiograms and
660,932 Elective PCI

521,437 (23.3%) elective coronary angiography
excluded:

505,817 Cardiomyopathy evaluation

15,620 Cardiac transplantation evaluation

Y

272,733 (41.3%) elective PCI not mappable to the AUC
excluded

A 4

A\ 4
1,516 Hospitals Performed
1,718,283 Elective Coronary Angiograms and
388,199 Elective PCI

972 (64.1%) Hospitals Excluded:
393 with <50 elective PCI annually
579 with ratio of elective angiography to PCI < 1.5:1

A 4

A\ 4
544 Hospitals Performed
1,225,562 Elective Coronary Angiograms and
203,158 Elective PCI

Figure 1.
Identification of Hospitals Performing Elective (Non-acute) Diagnostic Coronary

Angiography and Percutaneous Coronary Intervention
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Variation in Hospital Rates of Asymptomatic Patients at Elective Diagnostic Coronary
Angiography
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Spearman rho = 0.51, P<.001

Figure 3.
Hospital Rate of Inappropriate PCI by Rate of Angiography Performed in Asymptomatic

Patients
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Figure 4.
PCI Appropriateness by Quartile of Asymptomatic Patients at Angiography
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