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Abstract 

 

Background: The Physician Consortium for Performance Improvement recently 

proposed percutaneous coronary intervention (PCI) specific process measures. However, 

information about hospital performance on these measures and the association of PCI 

process and outcomes measures is not available.  

Methods and Results: We linked the NCDR CathPCI Registry with Medicare claims 

data to assess hospital performance on established PCI process measures (aspirin, 

thienopyridines, and statins on discharge; door-to-balloon time; referral to cardiac 

rehabilitation), newly proposed PCI process measures (documentation of contrast dose, 

glomerular filtration rate, and PCI indication; appropriate indication for elective PCI; use 

of embolic protection device), and a composite of all process measures. We calculated 

weighted pair-wise correlations between each set of process metrics and performed 

weighted correlation analyses to assess the association between composite measure 

performance with corresponding 30-day risk-standardized mortality and readmission 

rates. We reported the variance in risk-standardized 30-day outcome rates explained by 

process measures. We analyzed 1,268,860 PCIs from 1,331 hospitals. For many process 

measures, median hospital performance exceeded 90%. We found strong correlations 

between medication-specific process measures (p < 0.01) and weak correlations between 

hospital performance on the newly proposed and established process measures. The 

composite process measure explained only 1.3% and 2.0% of the observed variation in 

mortality and readmission rates respectively. 

Conclusions: Hospital performance on many PCI-specific process measures 

demonstrated little opportunity for improvement and explained only a small percentage 

of hospital variation in 30-day outcomes. Efforts to measure and improve hospital quality 

for PCI patients should focus on both process and outcome measures. A  

 

Key words: Percutaneous coronary interventions, process measures, outcomes, 

readmissions 
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The past decade has seen a dramatic increase in efforts to measure and report the quality 

of care delivered to patients undergoing percutaneous coronary intervention (PCI) [1, 2]. 

A number of PCI-related process measures already exist [3], and there are ongoing efforts 

both to expand the number of process measures and implement outcomes measures to 

characterize the quality of care for patients undergoing PCI. Specifically, the Physician 

Consortium for Performance Improvement (PCPI) in partnership with professional 

societies including American College of Cardiology (ACC), American Heart Association 

(AHA), Society for Cardiovascular Angiography and Interventions (SCAI) have recently 

proposed a set of 11 PCI-related process measures [4] In addition, the ACC has 

developed risk-standardized measures of hospital 30-day mortality and readmission 

following PCI [5, 6].  However, we have little information as to how hospitals currently 

perform on these measures and whether process and outcomes measures capture distinct 

or overlapping domains of quality. Every performance measure carries an opportunity 

cost in terms of the resources needed to collect the data and the efforts required to 

improve performance [7-10]. Expanding the portfolio of measures may be warranted if a 

new measure provides a more comprehensive assessment of hospital quality. However, 

the extent to which the new measures achieve this goal has not been demonstrated.  

 

To date, no study has examined hospital performance on PCI process and outcomes 

measures. To address this gap in knowledge, we used data from the ACC’s National 

Cardiovascular Data Registry (NCDR) CathPCI Registry to describe variation in hospital 

performance and examine the extent to which hospital performance on PCI-related 

measures are correlated. Specifically, we identified the association of hospital 

performance on existing process measures with the PCPI’s proposed process measures. 

We then examined whether hospital quality as determined by process measures 

performance was correlated with hospital performance on 30-day mortality and 

readmission.  

 

Methods 

Data sources 
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With more than 1600 participating hospitals, the NCDR CathPCI registry, cosponsored 

by the ACC and the SCAI, is the largest registry of elective and emergency PCIs in the 

United States [11]. The registry collects data on patient demographics, procedural and 

clinical variables, and in-hospital outcomes using standardized definitions [12]. For this 

study, we used registry data reflecting PCIs performed between January 1, 2010 and 

December 31, 2011. To calculate the risk-standardized 30-day mortality and readmission 

rates, we linked registry data with corresponding Medicare claims data using direct 

patient identifiers, including name, date of birth, and social security number. Information 

regarding 30-day patient readmissions and mortality were obtained using Medicare’s 

Inpatient and Outpatient Standard Analytical Files and enrollment database. Among 

patients with more than one PCI performed during a hospitalization, we only included 

information from the initial procedure.  

 

Study design and population 

We performed a cross-sectional analysis of all hospitals in the registry that reported at 

least 25 PCI procedures during the study time period. As a result, we excluded 122 low 

volume hospitals, leaving a total of 1,331 hospitals for analysis. To ensure that our 

estimates of hospital performance on specific measures were reliable, we further required 

that each hospital have at least 25 procedures for each individual measure.  Accordingly, 

the number of hospitals included in the calculation of each measure varies.  

 

Process Measures 

We classified PCI process metrics into existing National Quality Forum (NQF)-endorsed PCI-

related process measures and the newer set of measures proposed by the PCPI. The NQF-

endorsed measures included the following: aspirin at discharge, thienopyridines at discharge, 

statins at discharge, door-to-balloon time under ninety minutes for patients presenting to the 

Emergency Department (ED) or under 120 minutes for patients transferred to a facility, and 

referral to cardiac rehabilitation after PCI.  Among the 11 new process measures proposed by the 

PCPI in 2013, we were able to calculate the following using data elements currently collected by 

the registry: comprehensive documentation of criteria needed to determine procedural 

appropriateness, appropriate indications for elective PCI, use of embolic protection devices in 
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saphenous vein bypass grafts, documentation of contrast dose, documentation of a pre-

procedural assessment of renal function (GFR calculation), optimal post-procedural medical 

therapy (defined as aspirin, P2Y12

 

 inhibitors, and statins for all patients upon discharge unless 

otherwise contraindicated), and referral to cardiac rehabilitation. There were several measures 

proposed by the PCPI that could not be assessed given the available elements in the registry: 

documentation of radiation dose, and whether or not a patient’s ability to tolerate and adhere to 

dual antiplatelet therapy had been evaluated. Furthermore, we did not consider physician and 

hospital PCI volume as potential measures, as all hospitals participating in the NCDR registry 

routinely receive information about procedural volumes.  

For each measure, we identified whether patients were eligible for that metric and 

aggregated patient-level results to calculate the hospital performance in the indicated 

performance measure. Measure-specific inclusion and exclusion criteria were applied to 

each case to ensure that the population used to define performance was appropriate. For 

door-to-balloon times, we used different thresholds for ST Segment Elevation 

Myocardial Infarction (STEMI) patients who presented through the emergency 

department (≤90 minutes) and those transferred from another acute care facility (≤120 

minutes) [13]. For the documentation of indications for PCI process measure, we 

classified a procedure as correctly documented based on recommendations from the PCPI 

which included the following: documentation of priority of diagnoses (ACS vs. elective), 

presence and severity of angina symptoms, use of antianginal medical therapies within 2 

weeks before the procedure, significance of angiographic stenosis on coronary 

angiography for treated lesion, and presence, results, and timing of noninvasive stress test, 

fractional flow reserve, or intravascular ultrasound. For the measure of the proportion of 

elective PCIs considered appropriate, we defined it in a manner consistent with the PCPI 

guidelines which is the sum of the total number of appropriate and uncertain cases (as 

opposed to inappropriate or unmappable) among all non-ACS PCIs defined in a manner 

consistent with 2012 appropriate usage criteria [14]. Finally, we created composite 

measures defined as the total number of process measures patients received over the total 

number of eligible performance measures for patients treated at that hospital. The first 

composite measure was restricted to the current NQF-endorsed PCI process measures, 
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and the second composite measure included both the current and proposed PCPI 

measures [10]. 

 

Outcome measures 

We calculated hospital-specific risk standardized 30-day readmission and mortality rates 

in a manner consistent with NQF-approved mortality and readmission measures [15, 16]. 

Specifically, for mortality, and consistent with the NQF approved measures, we used 

separate models to calculate hospitals’ risk-standardized 30-day mortality for a) patients 

with STEMI or cardiogenic shock, and b) patients without STEMI and without 

cardiogenic shock [16]. All outcomes models use hierarchical logistic regression, which 

takes into account clustering of patients within hospitals and use pre-procedural clinical 

characteristics of patients for risk adjustment. 

 

Statistical Analysis 

Crude rates, defined as the number of times a specific process measure was performed on 

a patient over the total number of eligible patients at that hospital, were calculated for all 

process measures. To analyze the association between hospital performance on current 

and emerging process metrics, we used the hospital performance estimates for each 

process measure to calculate a set of pair-wise correlations.  

 

In our analysis of the relationship between hospital performance on current and emerging 

process measures with performance on outcome metrics, we used correlation analyses to 

determine the association of hospital risk-standardized 30-day mortality and readmission 

rates with corresponding hospital composite score estimates of both the emerging and 

existing process measures. We repeated our analyses, first limiting the composite 

measure to current process measures, and again limiting to medication-specific measures. 

In each analysis, we calculated both correlation coefficients and the proportion of the 

hospital-specific variation in risk-standardized outcomes explained by performance on 

the composite measures. This variation is the square of the correlation coefficient and is 

calculated as a percentage. We performed secondary analyses to assess the robustness of 
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our findings, restricting the calculation of hospital performance on process measures to 

Medicare beneficiaries.  

 

Analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC). Since 

different numbers of patients have eligibility for the process measures at each hospital, 

analyses were weighted by the total number of patients from that hospital who were 

included in the calculation of the specific process measure. For each correlation, we 

tested the null hypothesis that there is no correlation between measures, adjusting p 

values for multiple comparisons using the Sidak correction [17]. All analyses were 

conducted with an overall familywise error rate of .05. The Yale University Human 

Investigations Committee approved analyses of this limited NCDR data set. 

 

Results 

Hospital performance on process and outcomes measures 

 A total of 1,268,860 PCI procedures performed at 1331 hospitals between January 2010 

and December 2011 met criteria for inclusion. Hospital performance on each of the 

current process measures, proposed PCPI process measures, and the composite measure 

are shown in Figure 1. Among the current process measures, there was relatively little 

variation in hospital performance on the discharge medications, with median hospital 

performance above 90%. We observed a larger gap in performance with regards to timely 

primary PCI (median 78.9% IQR 71.2% to 85.1%) and referral to cardiac rehabilitation 

(median 60.7% IQR 18.4% to 87.2%). Among the PCPI proposed measures, hospital 

performance on measures of documentation was uniformly high: contrast dose (median 

99.7% IQR 98.3% to 100%), GFR (median 97.0% IQR 92.8% to 98.8%), and PCI 

indications (median 99.8%, IQR 99.2% to 100%). Larger variation was observed for use 

of embolic protection devices (median 16.5% IQR 3.6% to 33.9%) and the proportion of 

non-ACS PCIs considered appropriate or uncertain (median 50.0% IQR 38.3% to 61.2%). 

Variation in hospital 30-day mortality and readmission rates was modest (Table 1).   

 

Correlation of existing process measures 
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We found moderate to strong correlations (correlation coefficient > 0.40; p < .05) 

between the discharge medication-related process measures, particularly between aspirin 

and thienopyridines at discharge (Table 2). None of the discharge medication-related 

process measures for medications were significantly correlated with the proportion of 

patients who received timely primary PCI. Referral to cardiac rehabilitation was 

significantly correlated with other existing process measures (all correlation coefficients 

> 0.10; p <.05). Referral to cardiac rehabilitation was strongly correlated with the overall 

composite measure (correlation coefficient > 0.90; p <.01) and was responsible for most 

of the variation seen in the composite measure.  

 

Correlation of existing and emerging process measures 

There were no significant correlations found among the PCPI’s proposed process 

measures (all correlation coefficient < 0.10; all p >.05) (Table 2). However, both the use 

of embolic devices in saphenous vein grafts and the proportion of appropriate elective 

PCIs were significantly correlated with the discharge medication process measures. 

Furthermore, all of the existing and emerging process measures with the exception of 

documentation of contrast dose were significantly correlated with the overall composite 

measure consisting of both existing and emerging process metrics. 

 

Correlations of process measures with hospital-level outcome measures 

 

The overall composite measure was statistically significantly associated with both RSRR 

and RSMR for No STEMI/No shock patients, but it was not correlated with RSMR for 

STEMI/shock patients (Table 3). The prescriptions of aspirin and thienopyridines at 

discharge were significantly correlated with all three outcomes measures. The individual 

process metrics explained 0.1% to 1.9% of hospital variation in 30-day RSRR, 0% to 

2.3% in 30-day RSMR for STEMI/Shock patients, and 0% to 5.8% in 30-day RSMR for 

NSTEMI/No shock patients (Table 4). Hospital performance on the overall composite 

measure explained relatively little of the observed variation in 30-day outcomes--ranging 

from 0.7% for RSMR in STEMI patients to 2.0% in RSRR. Hospital performance on 

outcomes measures was similar when grouped by quintiles of performance on the 
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composite process measure (Figure 2). Secondary analyses demonstrated similar findings 

when we restricted the calculation of hospital process measures to include only Medicare 

beneficiaries and when we restricted analyses to the current process measures and the 

discharge medication-specific process measures. 

 

 

Discussion 

In this cross-sectional analysis of the NCDR CathPCI registry, we found that the majority 

of hospitals performed well on existing PCI-related process measures. The additional PCI 

process measures proposed by PCPI were not strongly correlated with the existing 

process measures, but even among these, there was little variation among hospitals and 

thus limited opportunity for improvement. In addition, hospitals’ performance on existing 

and proposed process measures were only weakly correlated with hospitals’ 30-day risk-

standardized mortality and readmission rates. Although the associations were often 

statistically significant, hospital performance on PCI-specific process metrics explained 

only between 0.0% and 5.8% of observed variation in risk standardized mortality rates 

and between 0.0% and 2.0% of risk standardized readmission rates. These findings 

suggest that process and outcome measures capture complementary and not overlapping 

domains of quality. 

 

With the exception of the medication-specific process measures, there is relatively little 

correlation between existing and proposed PCI process measures. This finding is 

consistent with prior studies suggesting that distinct strategies are needed to improve 

performance across different assessments of hospital quality [10, 18-20]. However, our 

findings raise questions as to whether there is enough of a gap in current performance to 

justify further investment in the proposed PCPI metrics. We found that hospital 

performance on many of the proposed PCPI measures is generally high, with the large 

majority of hospitals successfully meeting these metrics more than 90% of the time. The 

measurement and reporting of process measures carry opportunity cost, and 

implementation of the proposed process measures may have a limited potential to improve 

patient outcomes. Our findings highlight the difficulty of identifying novel process measures 
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that identify practice variations that are associated with patient outcomes. In the absence of 

novel PCI-related process measures, it may be worth focusing quality measurement efforts 

on expanding the portfolio of outcomes measures such as rates of bleeding, acute kidney 

injury, and patient-report health status following PCI [21-23]. 

With an increasing number of performance metrics, NQF has recommended 

consideration of composite measures to provide a more comprehensive picture of quality 

[24]. Several composite measures already exist in NQF’s portfolio of endorsed measures 

for other areas of focus such as AMI and CHF [24-25]. Given the increased number of 

PCI-related process measures, there may be advantages to creating a composite measure 

[26]. Nevertheless, we found that much of the variation in the composite measures 

reflected variations in referral to cardiac rehabilitation, bringing into question the efficacy 

of a composite measure for PCI. 

 

Our results indicate that there is variation in 30-day risk standardized readmission and 

mortality rates across hospitals that perform PCI and demonstrate the continued 

opportunity to improve the outcomes of patients undergoing these procedures. Although 

previous analyses have examined the association between AMI outcome metrics and 

process measures and others have identified specific clinical profiles and risk factors of PCI 

patients that predict outcomes, our study is the first to characterize the relatively weak 

relationship between PCI-specific process and PCI outcome measures [10, 27-28]. Our 

findings are relevant as there are ongoing efforts to increase quality of care specifically for 

PCI patients. Furthermore, our analysis of recent performance on the PCPI PCI process 

measures suggests that despite this effort, there is a continued need to identify impactful 

process measures and potentially to shift focus to outcomes measures to include not only 

mortality and readmissions but also other relevant outcomes such as rates of acute kidney 

injury and bleeding [21-22]. The absence of a strong association does not necessarily 

indicate that there is no role for process measures in assessing the quality of care provided 

to PCI patients. Indeed, many of these measures have both face validity and substantial 

evidence supporting their impact on individual patients. Nevertheless, the fact that most 

process measures demonstrate little variation and are not strongly associated with 

outcomes suggests the need to identify additional care processes for which there is a 

sufficiently large gap in care to warrant their collection. Evidence-based processes, 
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including the proposed PCPI measures, may be necessary but not sufficient to drive 

improvements in the outcomes of PCI patients. 

 

Our study highlights the complementary role of process and outcome measures in assessing 

hospital quality and illustrates that high performance alone on process measures does not 

guarantee optimal outcomes. In fact, one can argue that a hospital’s ability to drive 

improvements in outcomes can be limited given the heterogeneity and number of factors 

influencing outcomes that are outside a hospital’s control. On the other hand, there is 

growing evidence suggesting that there are implementable hospital strategies to improve 

quality of care that are associated with lower mortality and readmissions rates. 

 

For example, prior studies have shown that improvements in hospital systems such as 

organizational culture including interdisciplinary rounding during hospitalization and at 

discharge, and optimization of patient care transitions were associated with improved 30-

day outcomes [29-31]. Similarly, other qualitative studies have shown that high-performing 

hospitals have specific organizational strategies and enabling structures that distinguish 

them including: active communication and coordination among care givers; senior 

management level engagement and support; and an organizational commitment to 

developing and maintaining a focus on delivering high quality care [32-33]. These strategies 

emphasize that efforts to improve outcomes need to be multi-faceted, involving a level of 

complexity that may not be captured by well-described processes such as discharge 

medications. Developing effective ways to promote the uptake of these strategies and 

structures at PCI hospitals will be needed to improve the outcomes of PCI patients and 

reduce variation in PCI outcomes across hospitals.   

 

There are several limitations to our study that warrant consideration. First, our patient 

population was derived from a single registry, and our results may not be generalizable to 

all PCI centers in the U.S. However, the registry captures over 95% of PCI procedures 

performed in the US, and we believe our data sample is likely representative of the US 

experience. In addition, given the data elements available in the registry, we were not 

able to characterize hospital performance on all of PCPI’s proposed process measures, 

and it is possible that the additional measures or a composite measure reflecting all 

existing and proposed PCI process measures would be more strongly associated with 30-
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day outcome measures. Furthermore, our outcomes data were restricted to Medicare 

beneficiaries and may not be representative of the US population overall.   

 

In summary, hospital performance on current and emerging PCI-metrics only explain a 

small amount of the variation in 30-day risk-standardized mortality and readmission rates. 

This fact highlights that these three sets of markers are all capturing distinct aspects of 

hospital quality. Additional efforts are needed to better how characterize how hospitals 

can utilize these distinct markers of quality to improve hospital performance. 

 

CathPCI Registry®
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support from The Society for Cardiovascular Angiography and Interventions.  

 

Funding Sources: This work was supported by grant U01 HL105270-03 (Center for 

Cardiovascular Outcomes Research at Yale University) from the National Heart, Lung, and 

Blood Institute in Bethesda, Maryland. This research was also supported by the American 

College of Cardiology’s National Cardiovascular Data Registry (NCDR). The views expressed in 

this manuscript represent those of the authors and do not necessarily represent the official views 

of the NCDR or its associated professional societies identified at CVQuality.ACC.org/NCDR.  

 

Disclosures: Dr. Masoudi has a contract with the American College of Cardiology for his role as 

Senior Medical Officer, NCDR. Dr. Curtis and Mr. Parzynski receive salary support from the 

American College of Cardiology, NCDR. Dr. Krumholz is a recipient of a research agreement 

from Johnson & Johnson, through Yale University, to develop methods of clinical trial data 

sharing. Drs. Krumholz and Curtis receive funding from the Centers for Medicare & Medicaid 

Services to develop and maintain performance measures that are used for public reporting. Dr. 

Krumholz receives research support from Medtronic, through Yale University, to develop 

methods of clinical trial data sharing and of a grant from the Food and Drug Administration to 

develop methods for post-market surveillance of medical devices. Dr. Krumholz chairs a cardiac 

scientific advisory board for UnitedHealth. Dr. Curtis holds equity interest in Medtronic. No 

other authors report disclosures.  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

 

R :  

 

1. Klein LW, Ho KKL, Singh M, Anderson HW, Hillegass WB, Uretsky BF, Chambers C, Rao 

SV, Reilly J, Weiner BH, Kern M, Bailey S. Quality assessment and improvement in 

interventional cardiology: A position statement of the society of cardiovascular angiography and 

interventions, Part II: Public reporting and risk adjustment. Catheter Cardiovasc Interv. 2011;78: 

493-502. 

 

2. Joynt KE, Blumenthal DM, Orav J, Resnic FS, Jha AK. Association of public reporting for 

percutaneous coronary intervention with utilization and outcomes among Medicare beneficiaries 

with acute myocardial infarction. JAMA. 2012;308:1460-1468. 

 

3. Table of cardiovascular project: NQF-Endorsed maintenance standards under review. National 

Quality Forum. 

http://www.qualityforum.org/Setting_Priorities/Improving_Healthcare_Quality.aspx. Accessed 

September 16, 2014. 

 

4.  Nallamothu BK, Tommaso CL, Anderson HV, Anderson JL, Cleveland JC, Dudley A, Duffy 

PL, Faxon DP, Gurm HS, Hamilton LA, Jensen NC, Josephson RA, Malenka DJ, Maniu CV, 

McCabe KW, Mortimer JD, Patel MR, Persell SD, Rumsfeld JS, Shunk KA, Smith SC, Stanko 

SJ, Watts B. ACC/AHA/SCAI/AMA–Convened PCPI/NCQA 2013 performance measures for 

adults undergoing percutaneous coronary intervention: A report of the American College of 

Cardiology /American Heart Association task force on performance measures, the Society for 

Cardiovascular Angiography and Interventions, the American Medical Association–Convened 

Physician Consortium for Performance Improvement, and the National Committee for Quality 

Assurance. J Am Coll Cardiol. 2014;63:722-745. 

 

5. American College of Cardiology percutaneous coronary intervention (PCI) readmission 

measure. Medicare.gov: Hospital compare. 

http://www.medicare.gov/hospitalcompare/PCIReadmission.html. Accessed September 14, 2014. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

 

6. Krumholz HM, Keenan PS, Brush JE Jr, Bufalino VJ, Chernew ME, Epstein AJ, Heidenreich 

PA, Ho V, Masoudi FA, Matchar DB, Normand SL, Rumsfeld JS, Schuur JD, Smith SC Jr, 

Spertus JA, Walsh MN. Standards for measures used for public reporting of efficiency in health 

care: A scientific statement from the American heart association interdisciplinary council on 

quality of care and outcomes research and the American college of cardiology foundation. J Am 

Coll Cardiol. 2008;52:1518–1526

 

. 

7. Hayward, RA. Performance measurement in search of a path. N Engl J Med. 2014;356:951-

953.  

 

8. Williams SC, Schmaltz SP, Morton DJ, Koss RG, Loeb JM. Quality of care in US hospitals as 

reflected by standardized measures, 2002-2004. N Engl J Med. 2005;353:255-264. 

 

9. Werner RM and Bradlow ET. Public reporting on hospital process improvements is linked to 

better patient outcomes. Health Aff. 2010;29:1319-1324. 

 

10. Bradley EH, Herrin J, Elbel B, McNamara RL, Magid DJ, Nallamothu BK, Wang Y, 

Normand ST, Spertus JA, Krumholz HM.  Hospital quality for acute myocardial infarction: 

correlation among process measures and relationship with short-term mortality. JAMA. 

2006;296:72-78. 

 

11. Cover story. CathPCI: ACC’s Flagship Registry. 2013. National Cardiovascular Data 

Registry. 

 

12. Moussa I, Hermann A, Messenger JC, Dehmer GJ, Weaver WD, Rumsfeld JS, Masoudi FA. 

The NCDR CathPCI Registry: a US national perspective on care and outcomes for percutaneous 

coronary intervention. Heart. 2013;99:297-303. 

 

13. O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos JA, Ettinger SM, 

Fang JC, Fesmire FM, Franklin BA, Granger CB, Krumholz HM, Linderbaum JA, Morrow DA, 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Newby LK, Ornato JP, Ou N, Radford MJ, Tamis-Holland JE, Tommaso CL, Tracy CM, Woo 

YJ, Zhao DX. 2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial 

Infarction: A reporting of the American College of Cardiology Foundation/American Heart 

Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2013;61:e78-e140. 

 

14. Patel MR, Dehmer GJ, Hirshfeld JW, Smith PK, Spertua 

JA. ACCF/SCAI/STS/AATS/AHA/ASNC /HFSA/SCCT 2012 Appropriate use criteria for 

coronary revascularization focused update: a report of the American College of Cardiology 

Foundation Appropriate Use Criteria Task Force, Society for Cardiovascular Angiography and 

Interventions, Society of Thoracic Surgeons, American Association for Thoracic Surgery, 

American Heart Association, American Society of Nuclear Cardiology, and the Society of 

Cardiovascular Computed Tomography. J Am Coll Cardiol. 2012;59:857-881

 

. 

15. Curtis JP, Drye EE, Duffy SC, Geary LL, Krumholz HM, Partovian SC, Wang Y. Hospital 

30-Day Readmission Following Percutaneous Coronary Intervention Measure: Measure 

Methodology Report. 2009. Prepared for Centers for Medicare and Medicaid Services (CMS). 

 

16. Curtis JP, Geary LL, Wang Y, Chen J, Drye EE, Grosso LM, Spertus JA, Rumsfeld JS, 

Weintraub WS, Masoudi FA, Brindis RG. Development of 2 registry-based risk models suitable 

for characterizing hospital performance on 30-day all-cause mortality rates among patients 

undergoing percutaneous coronary intervention. Circ Cardiovasc Qual Outcomes. 2012;5:628-

637. 

 

17. Sidak Z. Rectangular confidence regions for the means of multivariate normal distributions. J 

Am Stat Assoc. 1967;62:626-633. 

 

18. Werner RM, Bradlow ET, Asch DA. Does hospital performance on process measures 

directly measure high quality care or is it a marker of unmeasured care? Health Serv Res. 2008. 

43:1464-1484. 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

19. Werner RM and Bradlow ET. Relationship between Medicare’s hospital compare 

performance measures and mortality rates. JAMA. 2006;296: 2694-2702. 

 

20. Mant J. Process versus outcome indicators in the assessment of quality in health care. Int J 

Qual Health Care. 2001;13:475-480. 

 

21. Hess CN, Rao SV, McCoy LA, Neely ML, Singh M, Spertus JA, Krone RJ, Weaver WD, 

Peterson ED. Identification of hospital outliers in bleeding complications after percutaneous 

coronary intervention. Circ Cardiovasc Qual Outcomes. 2015;8:1-8. 

 

22. Tsai TT, Patel UD, Chang TI, Kennedy KF, Masoudi FA, Matheny ME, Kosiborod M, Amin 

AP, Messenger JC, Rumsfeld JS, Spertus JA. Contemporary incidence, predictors, and outcomes 

of acute kidney injury in patients undergoing percutaneous coronary interventions: Insights from 

the NCDR Cath-PCI Registry. J Am Coll Cardiol Intv. 2014;7:1-9. 

 

23. Pederson SS, Versteeg H, Denollet J, Cheng JM, Serruys PW, van Domburg RT. Patient-

rated health status predicts prognosis following percutaneous coronary intervention with drug-

eluding stent. Qual Life Res. 2011. 2011;20:559-567. 

 

24. National Quality Forum (NQF). Composite Measure Evaluation Framework and National 

Voluntary Consensus Standards for Mortality and Safety—Composite Measures: A Consensus 

Report. Washington, DC: NQF; 2009. 

 

25. Agency for Healthcare Research and Quality (AHRQ). AHRQ quality indicator: National 

Quality Forum (NQF) endorsed composite and individual measures. AHRQ; 2011. 

 

26. Peterson ED, DeLong ER, Masoudi FA, O'Brien SM, Peterson PN, Rumsfeld JS, Shahian 

DM, Shaw RE. ACCF/AHA 2010 position statement on composite measures for healthcare 

performance assessment: a report of the American College of Cardiology Foundation/American 

Heart Association Task Force on Performance Measures (Writing Committee to Develop a 

Position Statement on Composite Measures). J Am Coll Cardiol. 2010;55:1755-1766. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

 

27. Peterson ED, Roe MT, Mulgund J, DeLong ER, Lytle BL, Brindis RG, Smith SC, Pollack 

CV, Newby LK, Harrington RA, Gibler WB. Association between hospital process performance 

and outcomes among patients with acute coronary syndromes. JAMA. 2006;295:1912-1920. 

 

28. Yeh RW, Rosenfield K, Zelevinsky K, Mauri L, Sakhuja R, Shivapour DM, Lovett A, 

Weiner BH, Jacobs AK, Normand SL. Sources of hospital variation in short-term readmission 

rates after percutaneous coronary intervention. Circ Cardiovasc Interv. 2012;5:227-236. 

 

29. Bradley EH, Curry L, Horwitz LI, Sipsma H, Wang Y, Walsh MN, Goldmann D, White N, 

Piña IL, Krumholz HM. Hospital strategies associated with 30-day readmission rates for patients 

with heart failure. Circ Cardiovasc Qual Outcomes. 2013;6:444-450. 

 

30. Townsend-Gervis M, Cornell P, Vardaman JM. Interdisciplinary rounds and structured 

communication reduce readmissions and improve some patient outcomes. West J Nurs Res. 

2014;36:917-928. 

 

31. Kripalani S, Theobald CN, Anctil B, Vasilevskis EE. Reducing hospital admission: Current 

strategies and future directions. Annu Rev Med. 2014;65:471-485. 

 

32. Curry LA, Spatz E, Cherlin E, Thompson JW, Berg D, Ting HH, Decker C, Krumholz HM, 

Bradley EH. What distinguishes top-performing hospitals in acute myocardial infarction 

mortality rates?: A qualitative study. Ann Intern Med. 2011;154:384-390. 

 

33. Curtis JP, Minges KE, Cherlin E, Elma MC, Bernheim SM, Messenger J, Ting HH, Berg D, 

Chen P. A qualitative study of the organizational strategies of high and low-performing PCI 

hospitals: Insights from TOP PCI. Abstract: Circulation. 2013;128:A14758.  A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

. -day outcomes in 2010-2011*  

Variable N 5th percentile 25th percentile Median 75th percentile 95th percentile 

Risk Standardized Readmission Rate 1076 10.0 11.1 11.8 12.7 14.2 

Risk-Standardized Mortality Rate  

(STEMI or Shock) 

743 9.5 10.9 12.1 13.4 16.1 

Risk-Standardized Mortality Rate  

(No STEMI and No Shock) 

1059 1.3 1.6 1.7 2.0 2.6 

* Hospitals were only considered eligible for each measure if they had more than 25 patients  

STEMI  = ST-elevation myocardial infarction. NSTEMI  = Non-ST segment elevation myocardial infarction.  
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. 
‡

 

 Aspirin 

At 

Discharge 

Thieno- 

Pyridines 

At 

Discharge 

Statin At 

Discharge 

Proportion 

DTB 

Time <=90 

mins 

Referral To 

Cardiac Rehab 

Documentation 

of contrast dose 

Proportion of 

PCIs with 

embolic devices 

Proportion of 

PCIs with GFR 

documentation 

Proportion of 

PCIs with 

comprehensive 

documentations 

for PCI 

Proportion Of 

Appropriate 

Elective PCIs 

performed 

Thienopyridines at 

Discharge 

0.713          

Statin at Discharge 0.597 0.486         

Proportion 

DTB Time <=90 and <=120 mins for 

transfers 

 

0.063 0.070 0.092        

Referral To Cardiac Rehab 0.194 0.139 0.181 0.111       

Documentation of contrast dose 0.033 0.023 0.000 -0.002 0.019      

Use Of Embolic Device 0.247 0.182 0.215 -0.043 0.125 -0.046     

Proportion of PCIs with GFR 

documentation 

0.084 -0.005 0.114 0.081 0.016 0.055 0.041    

Proportion of PCIs with 

comprehensive documentations of 

indication 

0.037 0.115 0.074 0.087 0.082 0.032 0.098 0.030   

Proportion Of Elective PCIs 

Considered Appropriate or 

Uncertain

0.149 

† 

0.202 0.125 0.079 0.018 0.031 -0.009 0.052 -0.041  

Overall proportion of existing 

process measures met 

0.377 0.303 0.384 0.151 0.972      

Overall Proportion Of Existing and 

Emerging Process Measures Met 

0.397 0.338 0.423 0.180 0.909 0.044 0.206 0.154 0.303 0.205 A
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*  Hospitals with considered eligible only if they had more than 25 patients for each of the individual process measures 
†  Not included in overall composite measure 
‡

Italicized data points indicates significance (p < .01) after adjusting for multiple comparisons 

 Weighted by number of eligible patients in each hospital 

= Percutaneous coronary intervention. DTB = Door-to-balloon.  = Glomerular filtration rate.  
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- - ‡ 

 Aspirin 

at 

Discharge 

Thieno- 

Pyridines 

at 

Discharge 

Statin at 

Discharge 

Proportion 

DTB 

Time <=90 

mins 

Referral to 

Cardiac Rehab 

Documentation 

of contrast dose 

Proportion of 

PCIs with 

embolic 

devices 

Proportion of 

PCIs with GFR 

documentation 

Proportion of 

PCIs with 

comprehensive 

documentations 

for PCI 

Proportion of 

Appropriate 

Elective PCIs 

performed

 

† 

Overall 

Proportion of 

Existing 

Process 

Measures Met 

Overall 

Proportion of 

Existing and 

Emerging 

Process 

Measures Met 

Risk-

Standardized 

Readmission 

Rate 

-0.120 -0.131 -0.139 -0.062 -0.100 0.007 -0.048 -0.032 -0.059 -0.047 -0.128 -0.132 

Risk-

Standardized 

Mortality 

Rate 

(STEMI) 

-0.135 -0.153 -0.116 -0.069 -0.074 -0.003 -0.013 -0.098 0.022 0.036 -0.103 -0.103 

Risk-

Standardized 

Mortality 

Rate 

(NSTEMI) 

-0.223 -0.143 -0.240 0.026 -0.063 0.009 -0.134 -0.009 -0.035 0.008 -0.115 -0.122 

*  Hospitals with considered eligible only if they had more than 25 patients for each of the individual process measures 
†  Not included in overall composite measure 

‡

Italicized data points indicate significance (p < .01) after adjusting for multiple comparisons 

 Weighted by number of eligible patients in each hospital 

 = Percutaneous coronary intervention. DTB = Door-to-balloon.  = Glomerular filtration rate.  STEMI = ST-elevation myocardial infarction. NSTEMI  = Non-ST segment elevation myocardial infarction. 

. 

- -  

Variable RSRR % RSMR % (STEMI) RSMR % (NSTEMI) 

Aspirin at discharge 1.5 1.8 5.0 

Thienopyridines at Discharge 1.7 2.3 2.0 

Statin at Discharge 1.9 1.3 5.8 

Timely Primary PCI 0.4 0.5 0.1 

Referral To Cardiac Rehab 1.0 0.6 0.4 

Documentation of contrast dose 0.0 0.0 0.0 

Use Of Embolic Device 0.2 0.0 1.8 

Documentation of PCIs with GFR documentation 0.1 1.0 0.0 

Documentation of PCI indications 0.4 0.0 0.1 

Proportion Of Appropriate Elective PCIs 

Performed 

0.2 0.1 0.1 

Overall Proportion of Existing and Emerging 

Process Measures Met 

2.0 0.7 1.3 

* Hospitals were considered eligible only if they had more than 25 patients for each of the individual process measures 

= Percutaneous coronary intervention.  = Risk-standardized readmission rate. Risk-standardized mortality rate. 

STEMI  = ST-elevation myocardial infarction. NSTEMI  = Non-ST segment elevation myocardial infarction.  = Glomerular 
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filtration rate.   

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

Figure Legends: 

 

Figure 1. Hospital performance on proposed PCI process measures. Hospital performance on 

many of the process measures, including appropriate medications at discharge as well as 

documentation of contrast dose and GFR documentation was close to having process metric 

performance nearing 100%. Hospital performance on referral to cardiac rehabilitation, use of 

embolic devices, proportion of PCIs with documentation of PCI eligibility, and proportion of 

elective PCIs consider appropriate or uncertain exhibit room for improvement. Central band 

represents median, box hinges represent the first and the third quintiles, and whiskers extend to 

the 5% and 95% percentile. PCI = percutaneous coronary intervention. NQF = National Quality 

Forum. PCPI = Physician Consortium for Performance Improvement. DTB = door-to-balloon. 

Mins = minutes. GFR = glomerular filtration rate. 

 

Figure 2. Risk-standardized outcomes based on performance on PCI process metrics. Box-and-

whiskers plot of hospital performance on 30-day risk-standardized readmissions and mortality 

rates in STEMI/Cardiogenic shock (Figure 2a) and non-STEMI/no cardiogenic shock (Figure 2b) 

patients as stratified by quintiles of hospital performance on overall proportion of PCI process 

measures met. There is minimal variation in hospital performance on readmission (Figure 2c) 

and mortality rates in relationship to respective quintiles of hospital performance on overall PCI 

process measures met. Central band represents median, box hinges represent the first and the 

third quintiles, and whiskers extend to 1.5 times the interquartile range. Diamonds represent the 

means and circles represent outlier hospitals. STEMI  = ST-elevation myocardial infarction.  
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