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EXECUTIVE SUMMARY 

Coronary angiography and revascularization through percutaneous coronary intervention (PCI) 

is a common procedure performed for the treatment in non-ST-segment elevation myocardial 

infarction (NSTEMI) and ST-segment elevation myocardial infarction (STEMI). The use and 

timing of PCI depends on the ischemic status of the patient and the capabilities of the hospital 

in which the myocardial infarction is being treated. Medical management may be the preferred 

treatment for NSTEMI. Emergency PCI is the primary response to a STEMI. Maryland hospitals 

need approval to establish a PCI program for emergency PCI services or elective PCI services. 

Elective PCI services are used to treat patients with NSTEMI or other cardiac conditions. For 

some higher risk patients who require PCI services, expert guidelines recommend that cardiac 

surgery be available on-site.  Maryland regulations require hospitals to follow expert guidelines 

for patient selection. 

The primary objective of this analysis is to evaluate the impact of NSTEMI PCI volume and 

STEMI PCI volume on inpatient mortality and acute kidney injuries (AKI) rates. The secondary 

objective is to assess the extent to which the currently employed method of calculating the 

confidence intervals surrounding mortality and AKI rates (i.e., Clopper-Pearson) are 

appropriately robust with respect to a hospital’s identification as an outlier.  

Data for this analysis were provided by MHCC staff who receive data from hospitals that is a 

duplicate of the information submitted to the American College of Cardiology’s National 

Cardiovascular Data Registry (ACC-NCDR)  for CathPCI. Hospitals submit detailed data to this 

registry and receive feedback on their quarterly performance for processes of care and 

outcomes metrics relative to previous performance and are benchmarked against the national 

performance of all participants in the ACC-NCDR CathPCI.  

The two primary variables of interest for this analysis are inpatient mortality and PCI-related 

complication rates as assessed through acute kidney injuries. The repeated observations of PCI 

performed on many patients was modeled using a multilevel logistic regression to estimate 

separately the proportion of NSTEMI and STEMI PCI patients with an inpatient death or AKI 

after controlling for demographic characteristics and clinical factors. PCI volume is included as a 

factor in these models to estimate or function as a proxy for the experience, economies of 

scale, and other phenomena associate with higher volumes.  

For the analysis of confidence interval calculations, three methods were used for each of the 

effects generated by the volume-dependency model. The first method is the typical confidence 

interval calculation that uses the Clopper-Pearson (i.e., ‘exact’) Method, which is the method 

currently employed by the ACC for the CathPCI NCDR. The second and third methods are more 

recently developed alternatives to Clopper-Pearson. These newer methods form the basis of 

the robustness assessment for identifying outlier hospitals using the currently employed 



Advanta Government Services, LLC ___________________________ 

Page 2 of 33 
MHCC 21-005R 

Analyze Patient-level Data from the American College of Cardiology's National Cardiovascular Data Registry 

confidence intervals and models. The two selected alternative approaches for forming the 

confidence intervals are the Agresti-Coull and Jeffreys methods. 

The three key findings to emerge from this study are as follows: 1) hospitals with relatively high 

STEMI PCI volume have lower mortality and kidney injury rates, after controlling for 

demographic and clinical factors 2) impacts on outcomes of care related to NSTEMI PCI volume 

are modest, at best, and explained by variance in patient severity, and 3) the method used to 

calculate standard errors and confidence intervals for inpatient deaths and acute kidney injury 

proportions does not make a substantive difference in identifying outlier hospitals for STEMI 

cases or NSTEMI cases. 
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INTRODUCTION 

Chest pain is a common complaint in the emergency department with 15 percent of 

presentations resulting from acute coronary syndrome (ACS) (Chang, 2018). ACS could be a 

myocardial infarction or unstable angina. Physicians determine the type and severity of the 

ACS, to distinguish an ST-elevation myocardial infarction (STEMI), a non-ST-elevation 

myocardial infarction (NSTEMI), and angina. In STEMI patients, one or more coronary arteries 

are completely blocked, and for NSTEMI patients, there is partial blockage of one or more 

coronary arteries. A percutaneous coronary intervention (PCI) can be used to restore blood 

supply to the heart.  

Maryland hospitals need approval to establish an emergency or elective PCI program, as well as 

cardiac surgery services.  A small number of hospitals provide only emergency PCI services or 

did for part of the period of data reviewed. For some higher risk patients who require PCI 

services, expert guidelines recommend that cardiac surgery be available on-site. Maryland 

regulations require hospitals to follow expert guidelines for patient selection. 

The primary objective of this analysis is to evaluate the impact of NSTEMI PCI volume and 

STEMI PCI volume on inpatient mortality and AKI rates. The secondary analysis uses three 

distinct methods to calculate the standard errors and confidence intervals for each of the 

effects generated by the volume-dependency model. The first method is the typical confidence 

interval calculation that uses the Clopper-Pearson (i.e., ‘exact’) Method and is currently in use 

by the American College of Cardiology (ACC) for the CathPCI National Cardiovascular Data 

Registry (NCDR) data for reporting purposes. Two more recently developed alternative methods 

were also used to assess the impact of assumptions behind the confidence intervals for the 

proportions of inpatient deaths and complications following an NSTEMI PCI. The two selected 

alternative approaches for forming the confidence intervals are the Agresti-Coull (Agresti, 1998) 

and Jeffreys (Brown, 2001)  methods. 

Analysis #1: The Impact of NSTEMI PCI Volume on Mortality and Acute Kidney Injury 

Rates 

Background 

Coronary angiography and revascularization through percutaneous coronary intervention (PCI) 

is a common procedure performed for the treatment in non-ST-segment elevation myocardial 

infarction (NSTEMI). The use and timing of the procedure depends on the ischemic status of the 

patient and the capabilities of the hospital in which the NSTEMI is being treated (Banning, 2018). 

Medical management may be the preferred treatment for NSTEMI. Not all hospitals perform 

elective PCI services, even when they perform emergency PCI services for patients with ST-segment 

elevation myocardial infarction (STEMI). The purpose of this analysis is to evaluate the impact 

of NSTEMI PCI volume on mortality and AKI rates using three different types of confidence 

intervals that are well-supported in the literature and, by doing so, provide guidance to the 



Advanta Government Services, LLC ___________________________ 

Page 4 of 33 
MHCC 21-005R 

Analyze Patient-level Data from the American College of Cardiology's National Cardiovascular Data Registry 

Maryland Health Care Commission (MHCC) on the impact that the choice of confidence interval 

methodologies (i.e., traditional or updated) may yield on the selection of outlier hospitals. 

Methods 

Data 

Data for this analysis were provided by MHCC staff who receive from hospitals duplicate 

information previously submitted to the American College of Cardiology’s National 

Cardiovascular Data Registry (ACC-NCDR) for CathPCI. Hospitals submit detailed data to the 

registry, and participating hospitals receive feedback on their quarterly performance for 

processes of care and outcomes metrics relative to previous performance and are 

benchmarked against the national performance of all participants in the ACC-NCDR CathPCI.  

Dependent Variables 

The two primary variables of interest are inpatient mortality and PCI-related complication rates 

as assessed through AKIs. Inpatient mortality is identified by the discharge disposition of the 

individual who received a PCI for a STEMI. AKI is identified through criteria modified from the 

Acute Kidney Injury Network (AKIN) criteria (Tsai, 2014), which included the following: a new 

need for dialysis, an absolute increase of ≥0.3 mg/dL in serum creatinine pre- and post-PCI, or a 

relative increase of 50% in serum creatinine pre- and post-PCI. 

Explanatory and Risk-Adjustment Variables 

NSTEMI PCI volume is the total count of NSTEMI PCI procedures performed per hospital as 

identified by the PCI indication variable in the CathPCI databases. A case is identified as a STEMI 

encounter if the PCI Indicator reason is: Immediate PCI for STEMI; PCI for STEMI (Unstable, >12 

hours from symptom onset); PCI for STEMI (Stable, >12 hours from symptom onset); PCI for 

STEMI (Stable after successful full-dose Thrombolysis); or Rescue PCI for STEMI (after failed full-

dose lytics). An NSTEMI PCI encounter is identified in the ACC-NCDR CathPCI by the field called 

PCI Indication with values or information that correspond to PCI for high risk Non-STEMI or 

unstable angina. The PCI volume is either equal to or greater than the count of NSTEMI PCI 

admissions as multiple procedures may be performed for a given hospital admission and 

NSTEMI PCIs may be performed during a STEMI PCI admission. 

Mortality risk-adjustment variables include age, race, sex, body mass index, previous congestive 

heart failure, previous cerebrovascular disease, peripheral vascular disease, chronic lung 

disease, previous PCI, diabetes, admission symptom presentation, cardiogenic shock, pre-

operative intra-aortic balloon pump, ejection fraction, and PCI status (elective, urgent, 

emergent, salvage). The AKI risk-adjustment variables include age, sex, body mass index, 

previous congestive heart failure, diabetes, hypertension, previous myocardial infarction (MI), 

previous PCI, previous coronary artery bypass grafting (CABG), previous cerebrovascular disease 

(CVD), previous peripheral arterial disease (PAD), chronic lung disease, and multiple PCI 

procedures. The variable identification from the NCDR data is specified in Appendix 2. 
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Analytic Approach 

The performance reporting measures that hospitals receive from the ACC related to outcomes, 

such as mortality and adverse events, are risk adjusted to compare expected to actual outcome 

rates. The ACC statistical analyses use logistic models to estimate risk-adjusted rates and 

confidence intervals. The models do not use hospital or procedure volume for risk adjustment, 

but rather estimate hospital effects through a hierarchical model (American College of 

Cardiology, 2011).  

Volume-Outcome Relationship 

The impact of NSTEMI PCI volume on outcomes of care was modeled first using a two-indicator 

approach that categorizes hospitals into low and high volume hospitals based on the median 

counts of NSTEMI PCI procedures by hospital for NSTEMI indication from 2015 to 2019. The 

second assessment categorizes hospitals into three groups by terciles, using the 33rd and 66th 

percentile PCI counts by hospital for NSTEMI indication. 

Hierarchical Logistic Regression Models 

To analyze the impact of STEMI PCI volume on a hospital's status as an outlier with respect to 

national mortality rates, the research team used a hierarchical logistic model with a random-

effect to estimate risk-adjusted mortality rates. This approach mirrors the risk-adjusted 

methodology that ACC uses for the estimation of the hospital-specific mortality rates and 

comparisons to national rates.  

The parameter estimates using a logistic regression are interpreted as odds ratios; that is, the 

odds of a patient dying in the hospital or experiencing an acute kidney injury following a PCI 

procedure in a high-volume hospital relative to a low-volume hospital. The analytic model 

estimates the expected mortality and AKI rate based on the medical conditions that patients 

have and other factors such as age. The contribution of NSTEMI PCI volume to the odds ratio is 

also estimated.  

Risk-Adjustment 

Demographic and clinical measures were identified as factors from the literature on PCI 

procedures for myocardial infarction. Past diagnoses and previous procedures performed that 

are related to cardiac severity or kidney problems were identified. The risk-adjustment 

variables are designed to control for the patient level factors which are independent of the 

quality of care that a patient receives.  

 

Annual Evaluation of Mortality and Complication Rates, 2015-2019 

The ACC performs annual assessments of hospitals that include more than 2,400 contributing 

hospitals. The sample for the current analysis was created from 21 hospitals in Maryland that 



Advanta Government Services, LLC ___________________________ 

Page 6 of 33 
MHCC 21-005R 

Analyze Patient-level Data from the American College of Cardiology's National Cardiovascular Data Registry 

perform elective PCI and participate in the ACC NCDR CathPCI registry.1 The unadjusted and 

risk-adjusted mortality rates and AKI rates were calculated on an annual basis from 2015 to 

2019 and on aggregate basis over the same time period. 

Repeated Cross-Sectional Model 

Patients receiving a PCI for an NSTEMI are clustered by hospital. The repeated observations of 

PCI performed on many patients was modeled using a multilevel logistic regression to estimate 

the proportion of NSTEMI PCI patients with an inpatient death or AKI after controlling for 

demographic characteristics and clinical factors. NSTEMI PCI volume is employed as a predictive 

factor in these models to estimate (or function as a proxy for) the experience, economies of 

scale, and other phenomena associate with higher volumes of PCI procedures. 

Results 

Unadjusted Rates 

Table 1 presents the counts of PCI procedures performed for NSTEMI indication by hospital by 

year from 2015 to 2019. The total NSTEMI PCI volume forms the basis for the two indicators 

used to assess the impact of NSTEMI PCI volume. In the two-group assessment, 11 hospitals 

performed 944 or fewer NSTEMI PCIs between 2015 and 2019 while another 10 hospitals 

performed more than 944. For the low/medium/high volume assessment of NSTEMI PCI 

volume, seven hospitals performed 853 or fewer NSTEMI PCIs, seven hospitals performed 

between 645 and 1,256 NSTEMI PCIs, and seven hospitals more than 1,296 NSTEMI PCIs 

between 2015 and 2019. 

 
1 Holy Cross Hospital, Howard County General Hospital, and Medstar Franklin Square Medical Center are Maryland 
hospitals not included in this analysis as each had fewer than five NSTEMI PCI discharges per year between 2015 
and 2019. 
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Table 1 - NSTEMI PCI VOLUME BY HOSPITAL, 2015-2019 

 

The comparison of unadjusted mortality rates between low and high volume hospitals is 

presented in Table 2. Inpatient death is a rare event for patients receiving a NSTEMI PCI in 

either a low volume (1.2 percent) or high volume (1.0 percent) hospitals. The difference in 

outcomes between the two categories of hospitals is not statistically significant at the five 

percent level for any of the five assessed years individually or in the aggregate across all five 

years. 

Table 2 - NSTEMI PCI MORTALITY RATES BY LOW VS HIGH VOLUME HOSPITALS, 2015-2019 

 

Table 3 presents the difference in AKI rates between low and high volume hospitals. The five-

year aggregate rate of AKI is 7.3 percent in low volume hospitals and 8.1 percent in high volume 

hospitals for patients who received an NSTEMI PCI. The differences between hospital volume 

groups are only statistically significant in the aggregated assessment (p = 0.026). 
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Table 3 - NSTEMI PCI ACUTE KIDNEY INJURY RATES BY LOW VS HIGH VOLUME HOSPITALS, 2015-2019 

 

The difference in NSTEMI PCI inpatient mortality between the low, medium, and high volume 

hospitals in presented in Table 4. Differences in inpatient mortality was not apparent for the 

volume categories in the yearly or aggregate data. An issue for the NSTEMI PCI mortality data is 

that inpatient death is a very rare event, which requires a very large sample to detect a 

statistically significant difference between a 1.0 percent rate in high volume hospitals, for 

example, and a 1.3 percent rate in low PCI volume hospitals. 

Table 4 - NSTEMI PCI MORTALITY RATES BY LOW, MEDIUM, AND HIGH VOLUME HOSPITALS, 2015-2019 

 

Table 5 presents the yearly and aggregate AKI rate differences between low, medium, and high 

NSTEMI PCI volume hospitals. While several years demonstrated a difference in AKI rates by 

volume, the aggregate effect did show a statistically significant difference; the direction of the 

effect from year to year was not consistent. 

Table 5 - NSTEMI PCI ACUTE KIDNEY INJURY RATES BY LOW, MEDIUM, AND HIGH VOLUME HOSPITALS, 2015-2019 

 

Summary Statistics 

Outcomes of care empirically seem to vary by volume somewhat due to the demographic 

composition and clinical severity of the population served. Table 6 shows the demographic and 

clinical characteristics by NSTEMI PCI volume category. Age is an independent determinant of 

the outcomes of care following an NSTEMI PCI. As age progresses, the likelihood increases that 

a patient’s NSTEMI PCI will be performed at a higher volume hospital. Table 6 also shows that 
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patient race profiles vary by NSTEMI PCI volume hospitals. Hospital volume with respect to 

NSTEMI PCI does not appear to vary by race. The sharpest differences are found in the clinical 

characteristics with higher volume hospitals performing NSTEMI PCI procedures on patients 

with more comorbid conditions. The number and types of comorbidities may increase the risk 

of post-procedure complications. The standard errors for the pairwise comparisons of means 

were created using the Clopper-Pearson (Exact) method; a comparison of the Clopper-Pearson 

method with two alternative methods is presented in the section of this report titled, “The 

Impact of Selected Standard Errors and Confidence Intervals on Outlier Status Relative to 

Mortality and Acute Kidney Injury." 

Table 6 - DEMOGRAPHIC AND CLINICAL CHARACTERISTICS BY NSTEMI PCI VOLUME MEASURES 

 

Risk-Adjusted Findings 

Table 7 presents the impact of high NSTEMI PCI volume relative to low volume, after controlling 

for demographic and clinical factors, on inpatient mortality. The impact of NSTEM PCI volume 

was negligible (i.e., lack of statistical significance is seen through all confidence intervals having 

1.0 between their lower and upper confidence interval limits). 
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Table 7- IMPACT OF HIGH VS LOW NSTEMI PCI VOLUME ON MORTALITY 

 

The incremental effect of moving from low to medium to high NSTEMI PCI volume, after 

controlling for demographic and clinical characteristics, are presented in Table 8. Similar to the 

high-vs-low analysis, volume does not appear to be a primary contributor to variation in 

inpatient mortality rates for NSTEMI PCI admissions. 

Table 8 - INCREMENTAL EFFECT OF INCREASING NSTEMI PCI VOLUME ON MORTALITY 

 

Table 9 further supports the results in Tables 7 and 8 above, showing that the impact of volume 

on NSTEMI PCI admissions is not statistically significant in either the medium volume compared 

to low volume or high volume compared to low volume because the upper limit of the 

confidence interval is above 1.0 in all years. 

Table 9 - EFFECT OF MEDIUM AND HIGH NSTEMI PCI VOLUME ON MORTALITY COMPARED TO LOW VOLUME 

 

Table 10 presents the impact of high NSTEMI PCI volume relative to low volume on AKI rates. 

The impact of NSTEM PCI volume was negligible because the upper limit of the confidence 

interval is above 1.0 in all years. 
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Table 10 - IMPACT OF HIGH VS LOW NSTEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

Table 11 shows the incremental effect of moving from low to medium to high NSTEMI PCI 

volume, after controlling for demographic and clinical characteristics, on AKI rates. The impact 

was not statistically significant in the yearly or the aggregate analyses because the upper limit 

of the confidence interval was above 1.0 in all years. 

Table 11 - INCREMENTAL EFFECT OF INCREASING NSTEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

The absence of a volume effect on AKI rates for NSTEMI PCI is shown in Table 12 by comparing 

the medium volume to low volume and the high volume compared to low volume. 

Table 12 - IMPACT OF HIGH VS LOW NSTEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

Discussion 

Two key findings arose from this work. First, while the incidence of inpatient mortality is 

already low for patients receiving an PCI for an NSTEMI indication, neither the unadjusted nor 

the risk-adjusted NSTEMI PCI volume effects demonstrate an impact on inpatient mortality 

rates. Second, although the incidence of AKI is higher than the mortality rates and the 

unadjusted results suggest a decrease in AKI rates as volume increases, the volume effect 

evaporates once the clinical measures associated with AKI are included in the model. An 

important note is that even though the analysis is at the admission level, the PCI volume 
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analysis for the risk-adjusted models has the volume as a hospital-level effect. So, while there 

are more than 34,000 observations, there are still only 21 hospitals included in the analysis. 

Analysis #2: The Impact of STEMI PCI Volume on Mortality and Acute Kidney Injury Rates 

Background 

Emergency PCI is the primary response to a STEMI (Morrison, 2007). The ST-elevation is due to 

an occluded, infarcted artery that requires remedy to restore blood flow to the heart. All 

hospitals that perform PCI procedures will perform STEMI PCIs. If a PCI volume effect exists 

with respect to inpatient mortality, it will most likely be visible in the treatment of STEMIs 

because the likelihood of dying is higher than for NSTEMI and that likelihood is related to the 

application of timely and effective care. A potential impact on AKI rates related to PCI volume is 

unknown. The purpose of this analysis to evaluate the extent to which variation in STEMI PCI 

volume explains variation in mortality or AKIs for patients presenting with a STEMI. 

Methods 

Data 

Data for this analysis were provided by MHCC staff who receive data from hospitals that is a 

duplicate of the information submitted to the ACC-NCDR CathPCI registry. Hospitals submit 

detailed data to this registry and, by doing so, receive feedback on their quarterly performance 

for processes of care and outcomes metrics relative to previous performance and benchmarked 

against the national performance of all participants in the ACC-NCDR CathPCI.  

Dependent Variables 

The two primary variables of interest are inpatient mortality and PCI-related complication rates 

as assessed through AKI. Inpatient mortality is identified by the discharge disposition of the 

individual who received a PCI for a STEMI. AKI is identified through criteria modified from the 

Acute Kidney Injury Network (AKIN) criteria (Tsai, 2014). AKI was identified by a new need for 

dialysis, an absolute increase of ≥0.3 mg/dL in serum creatinine pre- and post-PCI, or a relative 

increase of 50% in serum creatinine pre- and post-PCI. 

Explanatory and Risk-Adjustment Variables 

STEMI PCI volume is the total count of STEMI PCI procedures performed per hospital as 

identified by the variable for PCI indication. The PCI volume is either equal to or greater than 

the count of STEMI PCI admissions as multiple procedures may be performed for a given 

hospital admission. 

Mortality risk-adjustment variables include age, race, sex, body mass index, previous congestive 

heart failure, previous cerebrovascular disease, peripheral vascular disease, chronic lung 

disease, previous PCI, diabetes, admission symptom presentation, cardiogenic shock, pre-

operative intra-aortic balloon pump, ejection fraction, and PCI status (elective, urgent, 

emergent, salvage) (Anderson, 2007). The AKI Risk-adjustment variables include age, sex, body 
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mass index, previous congestive heart failure, diabetes, hypertension, previous MI, previous 

PCI, previous coronary artery bypass grafting (CABG), previous cerebrovascular disease (CVD), 

previous peripheral arterial disease (PAD), chronic lung disease, and multiple procedures (Tsai, 

2014). The list of risk-adjustment variables included for the analyses is in Appendix 2. 

Analytic Approach 

The performance reporting results that hospitals receive from the ACC related to outcomes, 

such as mortality and adverse events, are risk adjusted to compare expected to actual outcome 

rates. The ACC statistical analyses use logistic models to estimate risk-adjusted rates and 

confidence intervals. The models do not use hospital or procedure volume for risk adjustment, 

but rather estimate hospital effects through a hierarchical model (American College of 

Cardiology, 2011).  

Volume-Outcome Relationship 

The impact of STEMI PCI volume on outcomes of care was modeled first using a two-indicator 

approach that categorizes hospitals into low and high volume hospitals based on the median 

counts of PCI procedures by hospital for STEMI indication from 2015 to 2019. The second 

assessment categorizes hospitals into three groups by terciles, using the 33rd and 66th percentile 

PCI counts by hospital for STEMI indication. 

Hierarchical Logistic Regression Models 

To analyze the impact of STEMI PCI volume on a hospital's status as an outlier with respect to 

national mortality rates, the research team used a hierarchical logistic model with a random-

effect to estimate risk-adjusted mortality rates. This approach mirrors the risk-adjusted 

methodology that the ACC uses for the estimation of the hospital-specific mortality rates and 

the comparisons to national rates. The parameter estimates using a logistic regression are 

interpreted as odds ratios.  

Risk-Adjustment 

Demographic and clinical measures were used as factors that may be independently associated 

with or contributing to an increased probability of death and kidney injury. The risk-adjustment 

variables were used to control for who hospitals treat for an NSTEMI, rather than how hospitals 

treat patients with an NSTEMI PCI. 

Annual Evaluation of Mortality and Complication Rates, 2015-2019 

The ACC performs annual assessments of hospitals, drawing on a sample of more than 2,400 

contributing hospitals. The sample for the current analysis was created from 24 hospitals in 

Maryland that participate in the ACC NCDR CathPCI registry. The unadjusted and risk-adjusted 

mortality and AKI rates were calculated on an annual basis from 2015 to 2019 and on an 

aggregate basis across the same time period. 
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Repeated Cross-Sectional Model 

Patients receiving a PCI for a STEMI are naturally clustered by hospital. The repeated 

observations of PCI performed on many patients were modeled using a multilevel logistic 

regression, using the GLIMMIX procedure in SAS Enterprise Guide 7.1 with a logistic link 

function, to estimate the proportion of STEMI PCI patients with an inpatient death or AKI after 

controlling for demographic characteristics and clinical factors. STEMI PCI volume is a factor in 

these models to estimate or proxy for the experience, economies of scale, and other 

phenomena associate with higher volumes. 

Results 

The counts of PCI procedures performed for STEMI indication by hospital by year from 2015 to 

2019 are presented in Table 13. The total STEMI PCI volume forms the basis for the two 

indicators used to assess the impact of STEMI PCI volume (i.e., inpatient death and AKI). In the 

two-indicator assessment, 12 hospitals performed 482 or fewer STEMI PCIs between 2015 and 

2019 while another 12 hospitals performed more than 482. For the low/medium/high volume 

assessment of STEMI PCI volume, eight hospitals performed 371 or fewer STEMI PCIs, eight 

hospitals performed between 371 and 517 STEMI PCIs, and eight hospitals more than 517 

STEMI PCIs between 2015 and 2019. 

Table 13 - STEMI PCI VOLUME BY HOSPITAL, 2015-2019 

 

The comparison of unadjusted mortality rates between low and high volume hospitals is 

presented in Table 14. Inpatient mortality rate for STEMI PCI at low volume hospitals was 7.4 
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percent compared to 5.1 percent at high volume hospital over the years 2015 to 2019. The 

difference of 2.3 percent is statistically significant (p < 0.001). From 2016 through 2019, high-

volume hospitals had significantly lower inpatient mortality rates than low-volume hospitals 

each year, in addition to being statistically lower across four of the five assessed years. 

Table 14 - STEMI PCI MORTALITY RATES BY LOW VS HIGH VOLUME HOSPITALS, 2015-2019 

 

Table 15 presents the difference in AKI rates between low and high-volume hospitals. The rate 

of AKI is 13.7 percent in low volume hospitals and 8.5 percent in high volume hospitals for 

patients who received a STEMI PCI. High volume hospitals had a lower unadjusted AKI rate 

compared to low volume hospitals for all years (p < 0.001). 

Table 15 - STEMI PCI ACUTE KIDNEY INJURY RATES BY LOW VS HIGH VOLUME HOSPITALS, 2015-2019 

 

Table 16 presents the yearly and aggregate mortality rate differences between low, medium, 

and high STEMI PCI volume hospitals. Only 2017 demonstrated a statistically significant 

difference in mortality rates by volume and then only for the high versus low volume 

comparison (p = .038). The aggregated effect across all five years, however, did show a 

statistically significant difference at the high compared to low volume (p = 0.014) and high 

compared to medium volume (p = 0.011). Due to the low versus medium volume effects not 

being statistically different, the conclusion is made that only being at a high-volume facility 

matters compared with being treated by either low or medium volume facilities. 
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Table 16 - STEMI PCI MORTALITY RATES BY LOW, MEDIUM, AND HIGH VOLUME HOSPITALS, 2015-2019 

 

The yearly and aggregate AKI rate differences between low, medium, and high STEMI PCI 

volume hospitals are presented in Table 17. Three of the five years (2015, 2016, and 2019) 

demonstrated a difference in AKI rates by volume and the aggregate effect did show a 

statistically significant difference at the high compared to low volume (p < 0.001) and high 

compared to medium volume (p < 0.001). Again, due to the low versus medium volume effects 

not being statistically different, the conclusion is made that only being at a high volume facility 

matters compared with being treated by either low or medium volume facilities. 

Table 17 - STEMI PCI ACUTE KIDNEY INJURY RATES BY LOW, MEDIUM, AND HIGH VOLUME HOSPITALS, 2015-2019 

 

Summary Statistics 

Outcomes of care empirically vary by volume, somewhat due to the demographic composition 

and clinical severity of the population served. Table 18 shows the demographic and clinical 

characteristics by STEMI PCI volume category. Patients are transported to the nearest hospital 

for the treatment of a STEMI. Whereas age is a determinant of outcomes of a STEMI PCI 

procedure, patients are distributed across hospitals for reasons other than STEMI PCI volume. 

The highest volume hospitals tend to perform STEMI PCIs of patients with conditions such as 

hypertension, PAD, CVD, COPD, and diabetes. The patient profile by race varies by STEMI PCI 

volume hospitals. The sharpest differences are found in the clinical characteristics with higher 

volume hospitals performing STEMI PCI procedures on patients with more comorbid conditions. 
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Table 18 - DEMOGRAPHIC AND CLINICAL CHARACTERISTICS BY STEMI PCI VOLUME MEASURES 

 

Table 19 presents the impact of high STEMI PCI volume as odds ratios relative to low volume on 

inpatient mortality, after controlling for demographic and clinical factors. The impact of STEMI 

PCI volume was statistically less than 1.000 from 2017 to 2019 and in aggregate. The 

implication is that the odds of dying in the inpatient setting following a STEMI PCI was lower in 

high-volume hospitals relative to low-volume hospitals, after controlling for other risk factors. 

Table 19 - IMPACT OF HIGH VS LOW STEMI PCI VOLUME ON MORTALITY 

 

The risk-adjusted hospital results for the incremental differences from low-to-medium and 

medium-to-high-volume status, represented as odds ratios, are shown in Table 20. The overall 

impact in the aggregate across the five years was that inpatient mortality tended to decrease as 
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STEMI PCI volume increased, but that finding was not statistically significant for 2015, 2016, and 

2018. Further, the upper limit being at 0.919 suggests that the results might be overly 

influenced by the exact amount of power in the analyses, rather than by the size of the effect 

being found. 

Table 20 - INCREMENTAL EFFECT OF INCREASING STEMI PCI VOLUME ON MORTALITY 

 

Table 21 shows the impact of medium-volume hospitals and high-volume hospitals compared 

to low volume. After controlling for factors that could impact inpatient mortality, the STEMI PCI 

volume had a measurable impact in the high-volume hospitals compared to low volume 

hospitals for the aggregate findings from 2015 to 2019. The impact of STEMI PCI volume is not 

found in the medium-volume hospitals compared to the low-volume hospitals. 

Table 21 - EFFECT OF MEDIUM AND HIGH STEMI PCI VOLUME ON MORTALITY COMPARED TO LOW VOLUME 

 

Table 22 presents the impact of high STEMI PCI volume relative to low volume on AKI rates. 

STEMI PCI volume was protective against AKI in the high-volume hospitals compared to low 

volume. 
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Table 22 - IMPACT OF HIGH VS LOW STEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

Table 23 shows the incremental effect of moving from low to medium to high STEMI PCI 

volume, after controlling for demographic and clinical characteristics, on AKI rates. The impact 

was statistically significant in the yearly 2015, 2016, and 2019 data, as well as in the aggregate 

analyses. 

Table 23 - INCREMENTAL EFFECT OF INCREASING STEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

As shown in Table 24, the AKI rate for the medium-volume hospitals was similar to the rate for 

low-volume hospitals. High-volume hospitals tended to have lower odds ratios for 2015, 2016, 

2019, and in aggregate compared to low STEMI PCI volume hospitals. 

Table 24 - IMPACT OF HIGH VS LOW STEMI PCI VOLUME ON ACUTE KIDNEY INJURY 

 

Discussion 

STEMI PCI volume is a substantively significant explanatory variable for inpatient mortality. 

STEMI PCI volume does not seem to influence mortality in comparing mortality rates for low-

volume and medium-volume hospitals, but it does when comparing mortality rates for low or 

medium-volume hospitals to rates for high STEMI PCI volume hospitals. The high volume effect 
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is likely due to a combination of very experienced interventional cardiologists with the 

economies of scale that supports specialized nursing units and personnel. 

Increasing STEMI PCI volume tends to decrease AKI rates when comparing low volume hospitals 

to high-volume hospitals. When separating STEMI PCI volume into three groups, the impact is 

not apparent until high-volume hospitals are compared to the medium and low volume 

hospitals. The implication, similar to the findings for mortality rates, is that there is a threshold 

effect with respect to STEMI PCI volume. 

The high-volume versus low-volume analysis creates a comparison of 12 hospitals to 12 

hospitals and the three group (low/medium/high) analysis on PCI volume has eight hospitals in 

each group. Although there are thousands of STEMI PCI cases, the hospital-specific effects 

compare small samples. Small samples can capture large effects, but it would likely take 50 

hospitals per group to capture small effect differences between hospitals (Ali, 2019)  

Analysis #3: The Impact of Selected Standard Errors and Confidence Intervals on Outlier Status 

Relative to Mortality and Acute Kidney Injury 

Background 

The counts and, thereby, proportions of inpatient deaths and AKIs identified at each hospital 

reflect the severities of illness, the quality of care provided by physician performing the PCI for 

the STEMIs and NSTEMIs, and the quality of care provided by hospital staff during the inpatient 

stay. The proportions of inpatient deaths and AKIs are risk-adjusted to assess the differences 

between the actual mortality and complication rates and the risk-adjusted expected rates.  

Methods 

One of the earliest methods used to construct confidence intervals in this situation was the 

Wald-type interval which employed the asymptotic, normality properties of the estimation 

procedure (Vollset, 1993). The Wald method performs well when a sample is large, and the 

estimation was notably wrong when the proportions were close to zero or to one. Alternatively, 

an early method to address the problem with applying a continuous probability distribution 

function (PDF) to approximate a discrete PDF was done by creating a continuity corrected score 

interval; commonly referred to as the Wilson method (Wilson, 1927). The most popular 

confidence interval for binomial proportions is the Clopper-Pearson (C-P) “exact” method that 

is based on the binomial distribution and solving for the lower and upper bounds of the range. 

The main point raised against the C-P method is that the confidence intervals are conservative, 

having coverage levels nearing 99% for a 95% confidence interval (Agresti, 1998). More recent 

methodological research has focused on modifying the Wilson interval. The first approach is to 

apply a ‘non-informative’ Jeffreys prior and numerically compute a Bayesian interval. The 

second approach is the Agresti-Coull method which solves for the upper and lower limits of the 

confidence intervals separately. The Agresti-Coull method has been endorsed as a universal 

replacement to the C-P method for all confidence interval estimates for binomial proportions 

because it does not strongly depend on sample size or proportions (NIST, 2014); however, the 
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Jeffreys method may outperform the Agresti-Coull for small sample estimates (Dunnigan, 

2008). 

Data 

Data for this analysis were provided by MHCC staff who receive data from hospitals that is a 

duplicate of the information submitted to the ACC-NCDR CathPCI registry. Hospitals submit 

detailed data to the registry and, by doing so, receive feedback on their quarterly performance 

for processes of care and outcomes metrics relative to previous performance, benchmarked 

against the national performance of all participants in the ACC-NCDR CathPCI registry.  

Analytic Approach 

The analysis of the potential impact of the method through which standard errors and 

confidence intervals for proportions were calculated is divided into two parts. The first part is 

the effect of the calculation method on the proportions of inpatient deaths and acute kidney 

injuries for admissions for NSTEMI and STEMI PCI procedures explored per hospital. The second 

part uses the multilevel logistic regressions from the previous report sections to calculate risk-

adjusted or expected outcomes per hospital after controlling for hospital PCI volume and 

patient-level demographic and clinical factors related to inpatient mortality and AKI. The 

confidence intervals on the actual minus expected rates, using the Clopper-Pearson, Agresti-

Coull, and Jeffreys Methods, were used to assess the extent to which the identification of 

outlier hospitals (high or low) was affected by these methods. 

Results 

Summary Statistics of Three Methods of Calculating Standard Errors and Confidence Interval for 

Proportions  

Table 25 presents the proportion or rates for inpatient mortality for NSTEMI PCI admissions, 

along with the confidence intervals around the proportions for each of the hospitals in the 

sample. One hospital (Nanticoke) showed a slightly lower mortality rate using the Jeffreys 

Method. Following the literature on outlier hospitals using the CathPCI NCDR data, the analysis 

uses a significance level of 95 percent (Waldo, 2017). 
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Table 25 - The Proportion of Inpatient Deaths for NSTEMI PCI per Hospital, 2015 – 2019 

 

The proportion of AKI for NSTEMI PCI admissions are presented in Table 26 by hospital. The 

confidence intervals around the hospital-specific proportions are also presented. One hospital 

(Meritus) had a trivially lower AKI rate using the Jeffreys Method compared to the Clopper-

Pearson.  

Table 26 - The Proportion of Acute Kidney Injuries for NSTEMI PCI per Hospital, 2015 – 2019 
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Table 27 presents the proportion or rates for inpatient mortality for STEMI PCI admissions, 

along with the confidence intervals around the proportions for each of the hospitals in the 

sample. Hospitals had comparable findings with respect to outlier status using all three 

methods to calculate standard errors. 

Table 27 - The Proportion of Inpatient Deaths for STEMI PCI per Hospital, 2015 – 2019 

 

The proportion of AKI for STEMI PCI admissions are presented in Table 28 by hospital. Hospitals 

had comparable findings with respect to outlier status using all three methods to calculate 

standard errors. 
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Table 28 - The Proportion of Acute Kidney Injuries for STEMI PCI per Hospital, 2015 – 2019 

 

Actual Compared to Risk-Adjusted Proportions 

Table 29 presents the variation confidence intervals for the actual minus risk-adjusted mortality 

proportions for the NSTEMI PCI admissions by hospital. One hospital (Howard) had a positive 

actual minus risk-adjusted rate using both the Agresti-Coull and Jeffreys Method compared to 

the Clopper-Pearson. This finding relies on differences in confidence intervals at the third 

decimal place, which is reasonably a misplaced specification from a perspective of program 

relevance. 
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Table 29 - Comparison of Actual Minus Risk-Adjusted NSTEMI Mortality Proportions Using Clopper-Pearson (Exact), Agresti-

Coull, and Jeffreys Methods to Calculate Standard Errors, 2015 – 2019 

 

Table 30 presents the variation confidence intervals for the actual minus risk-adjusted AKI 

proportions for the NSTEMI PCI admissions by hospital. Hospitals had comparable findings with 

respect to outlier status using all three methods to calculate standard errors. 

Table 30 - Comparison of Actual Minus Risk-Adjusted NSTEMI Mortality Portions Using Clopper-Pearson (Exact), Agresti-

Coull, and Jeffreys Methods to Calculate Standard Errors, 2015 – 2019 
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Table 31 presents the variation confidence intervals for the actual minus risk-adjusted mortality 

proportions for the STEMI PCI admissions by hospital. Hospitals had comparable findings with 

respect to outlier status using all three methods to calculate standard errors. 

Table 31 - Comparison of Actual Minus Risk-Adjusted STEMI Mortality Portions Using Clopper-Pearson (Exact), Agresti-Coull, 

and Jeffreys Methods to Calculate Standard Errors, 2015 – 2019 

 

Table 32 presents the variation confidence intervals for the actual minus risk-adjusted AKI 

proportions for the STEMI PCI admissions by hospital. Hospitals had comparable findings with 

respect to outlier status using all three methods to calculate standard errors. 
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Table 32 - Comparison of Actual Minus Risk-Adjusted STEMI Acute Care Injury Proportions Using Clopper-Pearson (Exact), 

Agresti-Coull, and Jeffreys Methods to Calculate Standard Errors, 2015 – 2019 

 

Discussion 

The use of Clopper-Pearson to estimate the standard errors and confidence intervals, relative 

to the Agresti-Coull and Jeffreys methods, for portions related to mortality and AKI makes very 

little difference in the identification of outlier hospitals at the 95 percent confidence level. The 

Agresti-Coull and Jeffreys confidence intervals are slightly smaller than Clopper-Pearson, so 

there are a few facilities that have “better than average” outcomes using the alternative 

measures and none that stop being “worse than average” outcomes. For the “actual-expected” 

analysis, the use of the alternative methods to calculate standard errors and confidence 

intervals affects one hospital (Howard) and only with respect to NSTEMI mortality. No policy 

changes appear to be warranted respect to the method in which standard errors and 

confidence intervals are calculated in the assessment of outlier hospitals. 
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CONCLUSION 

Key Findings 

The three key findings to emerge from this study are as follows: 1)  hospitals with relatively high 

STEMI PCI volume have lower mortality and kidney injury rates after controlling for 

demographic and clinical factors 2) impacts on outcomes of care related to NSTEMI PCI volume 

are modest, at best, and explained by variance in patient severity, and 4) the method used to 

calculate standard errors and confidence intervals for inpatient deaths and acute kidney injury 

proportions does not make a substantive difference in identifying outlier hospitals for STEMI 

PCI cases and NSTEMI PCI cases.  No NSTEMI PCI volume effect was identified for mortality or 

AKI outcomes. With respect to STEMI PCI volume effects, the impacts appear to be most 

prevalent in the high-volume hospitals compared to low-volume hospitals, with a modest effect 

for medium-volume hospitals compared to low-volume hospitals. The volume impact of STEMI 

PCI cases was observed more frequently  for inpatient mortality than for AKI rates, across 

several years and over the aggregated time period. The findings for the highest volume 

hospitals with respect to STEMI PCI procedures suggests that there may be a threshold effect 

for hospital procedure volume.  

With respect to the current method used to calculate standard errors and confidence intervals, 

the Clopper-Pearson method, for inpatient deaths and acute kidney injury proportions, no 

policy changes appear warranted. Among the different methods compared, the differences in 

outlier classification of hospitals rely on statistical differences observed at the third decimal 

place. Such small differences may not reflect meaningful differences in the quality of care 

provided by hospitals. The analysis presented here does not support a move away from using 

the standard Clopper-Pearson Method to calculate standard errors and confidence intervals for 

quality related outcomes and complications. 

Limitations 

Although there were thousands of admission-level observations for NSTEMI and STEMI PCI 

procedures for each year, the analysis of the extent to which hospitals are outliers depends on 

the results from Maryland hospitals. A national assessment of hospital outliers using the full 

NCDR database could include approximately 2,400 hospitals. The ability to detect differences in 

hospital outcomes is easier with a larger sample. 

The definition of outlier affects the number of hospitals identified as outliers. In a study by 

Waldo and colleagues (2017), 39 out of 86 hospitals were identified as outliers for excess 

mortality. That study defined outliers as having statistically higher proportion of inpatient 

deaths than the mean for the sample. The purpose of that report was to explain the differences 

in the outlier hospitals. Once the differences in patient severity was accounted, the risk-

adjusted differences between the hospitals were trivial. In the current analysis, outliers are 

identified as having statistically non-zero actual minus expected (risk-adjusted) mortality or AKI 

rate at the 95 percent confidence interval.  
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APPENDIX 1 – ACRONYMS 

 

ACC American College of Cardiology 

ACS Acute coronary syndrome 

AKI Acute kidney injury 

AKIN Acute Kidney Injury Network 

CABG Coronary artery bypass grafting 

CKD Chronic kidney disease 

CVD Cerebrovascular disease 

ECG Electrocardiogram 

MHCC Maryland Health Care Commission 

mg/dL Milligrams per deciliter 

NCDR National Cardiovascular Data Registry 

NSTEMI non-ST segment elevation myocardial infarction 

PAD Peripheral arterial disease 

PCI Percutaneous coronary intervention 

PVD Peripheral vascular disease 

S.D. Standard deviation  

S.E. Standard error 

STEMI ST-elevation myocardial infarction 
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APPENDIX 2 – RISK-ADJUSTMENT VARIABLES 

 

NCDR Variable Notes 

NCDRPatientID Unique subject ID 

DOB Used to calculate age at time of admission 

Sex Identifies with Male or Female 

RaceWhite Race identification 

RaceBlack Race identification 

RaceAsian Race identification 

RaceAmIndian Race identification 

RaceNatHaw Race identification 

HispOrig Ethnicity identification 

ArrivalDate Used to verify unique encounter for same patient ID 

Hypertension Comorbid condition 

PriorMI Comorbid condition 

PriorHF Comorbid condition 

ValveSurgery Prior procedure 

PriorPCI Prior procedure 

PriorCABG Prior procedure 

Height Used to create BMI 

Weight Used to create BMI 

CurrentDialysis Comorbid condition 

PriorCVD Comorbid condition 

PriorPAD Comorbid condition 

ChronicLungDisease Comorbid condition 

Diabetes Comorbid condition 

ProcedureDate Used to identify multiple procedures 

CABG Comorbid condition 

DCStatus Used to identify inpatient death 

DeathCause Used to verify inpatient death 
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APPENDIX 3 – HOSPITAL NAMES 
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APPENDIX 4 – IMPACT OF NSTEMI PCI VOLUME ON STEMI PCI OUTCOMES 

 

This technical appendix  provides an assessment of whether STEMI PCI outcomes tend to be 

better when the hospital has higher NSTEMI PCI volume. The method used to evaluate this 

relationship is the introduction of an interaction term to the multilevel logistic regression. This 

regression presents the independent impact of STEMI PCI volume and the relationship when 

NSTEMI PCI volume is higher. 

Appendix table 4.1 presents the findings for the overall data on the STEMI PCI volume effects 

and the interaction mortality effects with the NSTEMI PCI volume. The high STEMI PCI volume 

hospitals have better risk-adjusted outcomes compared to low volume hospitals, similar to the 

conclusions from the primary analysis presented in Section 2 of the report. The interaction 

effects for either the medium or high volume STEMI PCI hospitals with their NSTEMI PCI volume 

has no statistically significant findings. This finding suggests that the impact of STEMI PCI 

volume on mortality is independent of the volume of NSTEMI PCIs performed. 

Appendix Table 4.1 – Impact of STEMI PCI Volume on Mortality with Interaction Effects of NSTEMI PCI Volume 

 

The conclusion of the supplementary analysis is that the impact of STEMI PCI volume on post-

procedure mortality is dependent on the STEMI PCI volume rather than the overall PCI volume 

from STEMI and NSTEMI PCIs. Given the impact of high STEMI PCI volume and the non-impact 

of NSTEMI PCI volume on STEMI PCI mortality, the interaction is unlikely to change, even with 

an increase in the total observations in the regression analysis. 

 


