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Abstract of Dissertation 
 

Long-Term Impact of Coronary Artery Bypass Graft Surgery 

(CABG) Report Cards on CABG Mortality and Provider Market 

Share and Volume 
 

 

Purpose: Empirical evidence on impact of CABG report cards on the quality of CABG 

surgery is patchy, mixed and mainly comes from uncontrolled and short term studies. 

CABG report cards are associated with a small decline in mortality after controlling for 

an overall declining trend. Whether report card publication has caused this decline is not 

known.  

 

Methods: I use difference-in-differences and difference-in-differences-in-differences 

with fixed and random effects in OLS, Logistic, FGLS and GMM regression frameworks 

in a quasi-experiment set up in State-level and patient-level HCUP data with risk-

adjustment to assess long term impact of CABG report cards on CABG mortality and 

provider market share and volume. This study uses counterfactuals, and multiple States as 

treatment and control States.   

 

Results: CABG shows steadier and 17% steeper decline in in-hospital mortality rate 

when compared with other equally complex surgeries, and 30% steeper improvement 

when compared with pneumonectomy. There is a strong secular and statistically 

significant trend of decreasing CABG mortality. States with and without report cards 

were similar in terms of CABG mortality at baseline. We do not see long term impact of 

CABG report cards, State-mandated or voluntary, on CABG in-hospital mortality. 
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Nevertheless, report cards have caused a gain in market share of 6% and 5% for low 

mortality hospitals and surgeons respectively in face of a secular trend of rising market 

share of average mortality hospitals and surgeons. CABG report card policy was also 

associated with decrease in hospital volume by 152 surgeries and decrease in surgeon 

volume by 14 surgeries a year over and above the secular trend of declining CABG 

volumes.  

 

Conclusions: Concurrent Society of Thoracic Surgeons initiative and spillover of effects 

across States may explain why we do not see impact of CABG report cards in long term 

on improvements in quality of CABG surgery. National and regional system 

interventions with State CABG report cards appear to have created a perfect storm 

leading to a rising tide of CABG quality which has benefitted all States. It appears the 

report cards are associated with a change in today’s culture of medicine biased in favor of 

interventions and procedures.  

 

Keywords: Healthcare Quality, Public reporting, CABG Report Cards, Coronary Artery 

Bypass Graft Surgery, CABG mortality, CABG market share, CABG volume 
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Chapter 1: Background, Overview and Significance 

 

Statement of the Problem  

The US is performing sub optimally on the three aims of a health system when 

considered together: quality of care, health outcomes, and cost. In addition, the needle on 

quality is moving slowly. Core care quality measures (for example, core measure sets on 

venous thrombo-embolism, emergency department care, surgical care, substance use 

care, tobacco treatment, pneumonia measures, immunization, acute myocardial infarction 

care, children's asthma care,  heart failure care, hospital-based inpatient psychiatric 

services, perinatal care, stroke care, etc.) are improving by only 1-2% each year.
1
 

National Healthcare Quality and Disparities Reports 2011 show that quality continued to 

improve slowly in 2011, and disparities and access have in fact worsened in 2011.
2
 

Diabetes care, cancer care, care in the southern States, and care coordination continue to 

suffer from significant quality issues. 

 

The Affordable Care Act, 2010 (ACA) with  its provisions on quality and 

effectiveness, payment for value, public health, innovation, transparency, public 

reporting of quality, data resources and information technology, and health workforce 

deals with the issue of underachievement in the three aims (quality of care, health 

outcomes, and cost). ACA seeks to improve the quality of care and is a landmark federal 

legislation in the history of the quality movement in the United States. 
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ACA extends public reporting of information on health care quality to almost all 

health care settings (See Appendix A). Public reporting has a potential for improving 

quality of health care (Hibbard, Stockard, & Tusler, 2003; Laschober, Maxfield, Felt-

Lisk, & Miranda, 2007). Nursing Home Compare public reporting requirement has 

shown promising results (Werner, Stuart, & Polsky, 2010).
3
 Public reporting was found to 

be associated with avoidance of unnecessary medical costs (Larsson, Lawyer, Garellick, 

Lindahl, & Lundström, 2011).
4
 On the contrary, Ryan, Nallamothu, and, Dimick (2012) 

found that Medicare’s public reporting initiative on hospital quality, Hospital Compare, 

had modest or no impact on mortality from three key conditions. Despite this mixed 

evidence, public report cards comparing provider performance feature prominently in 

efforts to improve medical-care quality. However, evidence on causality of the beneficial 

effects frequently attributed to public report cards is largely lacking. 

 

Four systematic reviews of the impact of public reporting have been conducted. 

The first three of these four systematic reviews of the evidence on the impact of public 

reporting on quality of care published in 2000, 2001, 2008, and 2012 (Marshall, Shekelle, 

Leatherman, & Brook, 2000; Schauffler & Mordavsky, 2001; Fung, Lim, Mattke, 

Damberg, & Shekelle, 2008; Totten et al., 2012) found the evidence on causal impact to 

be scant. Rigorous evaluation of many major public reporting systems was found to be 

lacking. Evidence reviewed suggested that while publicly releasing performance data 

stimulated quality improvement activity at hospital level, the effect of public reporting on 

effectiveness, safety, and patient-centeredness remained uncertain. The fourth systematic 

review commissioned by AHRQ found public reporting was associated with a small 
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decline in mortality after controlling for trends in reductions in mortality, but at the same 

time noted that heterogeneity of the outcomes and the moderate strength of evidence for 

most outcomes made it difficult to draw definitive conclusions (Totten et al., 2012).  

 

Coronary Artery Bypass Grafting (CABG) is the most commonly performed 

"open heart" operation in the United States. Cardiothoracic surgeons perform the 

procedure to bypass blockages or obstructions of the coronary arteries. The coronary 

arteries are the blood vessels that supply the heart with oxygen and nutrients. CABG 

Surgery was an early setting for report cards due to its high frequency, high cost, and, at 

that time, high rate of negative outcomes.  

 

In the United States, there is more than two decades of experience overall in 

public reporting of health care quality in diverse areas of health care. As of now, 7 States 

have substantial CABG report card experience (New York since 1990, Pennsylvania 

since 1992, New Jersey since 1994, California since 1997-98, Massachusetts since 2002, 

Washington beginning in 2003, and Florida since December 2005). Lately, eight more 

States (CO, IL, KY, MN, TN, TX, VA, and WI) have been publicly reporting hospital 

outcomes which include CABG mortality. The remaining 35 States do not publish CABG 

outcomes.  Beginning 2010, the Society of Thoracic Surgeons (STS) working with 

Consumers Union started publicly reporting the results of CABG procedures at 

consenting cardiac surgery programs. Their number is growing.  
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It is necessary to understand to what extent these report cards have led to 

improvements in quality of cardiac care, especially because the Affordable Care Act 

(ACA) of 2010 builds on these initiatives in public reporting and further spreads them out 

to many different settings. The purpose of this study is to isolate the causal impact of 

sustained public reporting of CABG outcomes over a long term. Findings of this study 

have important lessons for implementation of the ACA initiatives on public reporting of 

quality. Previous evidence suggests that CABG report cards have been associated with 

decreases in cardiac surgery mortality, but there is no rigorous evidence on whether 

CABG report cards caused this decrease. 

 

Theoretical Perspective 

Public reporting of quality works on two sets of incentives i.e. one on the demand 

side (increases the likelihood that patients select high-quality providers, thus increasing 

the number of patients receiving high-quality care) and another on the supply side 

(motivates improvements in the quality of individual providers, increasing provider-

specific quality of care). The demand side mechanism of action of the report cards is to 

influence the provider-specific demand of CABG surgery.    

 

Purpose of the Study 

This research seeks to extend the empirical evidence base on the causal impact of 

the CABG report cards in the long term on the quality of cardiac surgery as measured by 

CABG in-hospital mortality. The study contributes to the existing literature in a number 

of different ways. As noted in the literature, rigorous evaluation of the causal impact of 
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CABG report cards on CABG mortality in report card States is lacking, and this study 

seeks to fill this gap in the evidence. There is much to be learned about the relative 

strengths of impacts of public versus private i.e. voluntary reporting efforts, and also 

hospital only versus both hospital and surgeon report cards on CABG mortality in a State. 

This research generates evidence on various variants of CABG report cards, for example, 

provider sponsored report cards as opposed to State mandated report cards, and hospital 

only report cards as opposed to hospital and surgeon report cards. A majority of the past 

studies of the impact of CABG report cards on CABG morality in a State do not use 

comparison or control States. This study uses comparison or control States to be able to 

isolate the causal impact. The study findings are expected to be useful to policymakers 

and public officials in States, the HHS, and the Center for Medicare and Medicaid 

Services (CMS); and also to CABG providers, purchasers, insurers, the Society of 

Thoracic Surgeons (STS), and the American Hospital Association.  

 

Core Questions and Sub-Questions  

In this study, difference-in-differences (DD) and difference-in-differences-in-

differences (DDD) estimators are used to isolate the impact of CABG report cards on 

CABG mortality in a State. Ordinary least squares and fixed-effects regressions are used. 

Fixed-effects regression controls for State’s unobserved and time invariant characteristics 

that may influence the outcome variable i.e. CABG mortality. The regression models are 

extended by including covariates that may affect CABG mortality. The study also 

examines whether the impact of CABG report cards varies or differs in a State where 

report card and public reporting are State-mandated from that in a State where public 
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reporting is a voluntary initiative of the hospitals or physicians, and also whether hospital 

only report cards differ from both hospital and surgeon report cards in their impact on 

CABG mortality in a State. This is one of few studies to assess the impact of State-

mandated report cards and voluntary report cards, and hospital only report cards to 

hospital and surgeon report cards.  

 

This research also addresses the question whether the CABG report cards lead to 

an increase in CABG volume and market share of a better-performing hospital and a 

better-performing surgeon. For this purpose, a simulated performance rating of a hospital 

and a surgeon is constructed using the methodology generally used by the CABG report 

card States, and difference-in-differences analysis is carried out to study the impact of 

report cards on CABG volume of an average hospital and on market share and volume of 

a hospital categorized by its performance i.e. average mortality hospital, low mortality 

hospital and high mortality hospital. Similar analysis is carried out in respect of surgeons 

by their performance rating. 

 

The dissertation proceeds as follows. In the first chapter, key audience of this 

research is identified, followed by a discussion of the significance and innovation of the 

research. Second chapter includes conceptual framework, a targeted literature review, and 

a review of setting and institutional context of CABG report cards.  In the third chapter, 

research question and research hypotheses are stated, data and methods are described, 

rationale for selection of States is stated, and detailed methodology is laid out for 

construction of a simulated performance rating of a hospital and a surgeon, and also for 



7 

 

isolation of impact of report cards on CABG mortality in a State and their impact on 

volume and market share. Fourth chapter covers findings of this study and finally, fifth 

chapter concludes the dissertation with discussion of results, measurement and data 

limitations of the study, and policy implications.  

 

Key Audience of this Research  

The report cards can be useful to the stakeholders in many different ways 

(Pennsylvania Health Care Cost Containment Council [PHC4], 2011). See Table 1.  

These stakeholders have a legitimate interest in knowing what impact report cards had on 

CABG mortality and cardiac care quality.   

Table 1: Principal Audience 

Key audience Reason for their interest 

Policymakers and public officials in 

the report card and non-report card 

States, the HHS, and the CMS 

Congress 

Policymakers/public officials can use the report 

cards to enhance their understanding of health 

care outcomes, to raise public awareness of 

important health care outcomes and to help 

constituents identify health care options. 

CABG providers 

American Hospital Association 

Society of Thoracic Surgeons (STS) 

Health care providers can use the report cards 

as an aid in identifying opportunities for quality 

improvement and cost containment.  

CABG purchasers 

CABG insurers 

Group benefits purchasers/insurers can use the 

report cards as part of a process in determining 

which hospitals and surgeons provide quality 

care for employees, subscribers, members, or 

participants who need CABG surgery.  

Patients and Patient advocacy 

organizations 

Patients can use the report cards to aid in 

making decisions about where and with whom 

to seek treatment involving CABG surgery. 

Health service researchers  Researchers can use this report card information 

to formulate important research questions about 

why differences exist in the quality and 

efficiency of care.  

 

Source: PHC4, 2011 
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Policymakers and public officials in both report card States and non-report card 

States will be interested in the results of this research. The report card States have 

invested significant effort in generation of report cards for a decade and in some cases 

two decades now. In these times of a difficult budget environment, the report card States 

have to justify expenses on continuing publication of report cards. They would be 

interested in knowing what impact the report cards had on CABG mortality in their State 

because their production costs valuable resources. The non-report card States will be 

interested in looking at the impact with a view to evaluate feasibility and justification of 

having public reporting of cardiac care outcomes in their jurisdiction in case they see the 

report cards having a measurable impact on the CABG mortality in report card States. 

The Health and Human Services (HHS) and the Center for Medicare and Medicaid 

Services (CMS) will be interested in the findings of this study because the Affordable 

Care Act requires public reporting of quality in almost all  health care settings, and the 

HHS and the CMS are at the forefront of implementing the relevant provisions of the 

ACA. Congress has extensively incorporated public reporting of healthcare outcomes in 

ACA provisions, and therefore Congress will be interested in knowing the impact of this 

long standing State program of public reporting of outcomes. These Congress-mandated 

ACA report card initiatives are grounded more in faith than evidence. This study 

contributes a piece of evidence on causality to this field. 

 

The Society of Thoracic Surgeons (STS) and the American Hospital Association 

are also an important audience for this piece of research. The STS over the last two 

decades has been engaged in a sustained effort to improve the quality of cardiac surgery 



9 

 

through the creation of a database registry and benchmarking. In 1989, the STS created a 

national voluntary cardiac surgery database for supporting national quality 

improvement efforts. The STS adult cardiac surgery database program has become a 

prominent cardiothoracic surgery outcomes and quality improvement program in the 

US. As of today, it includes more than 4 million cardiothoracic surgical procedure 

records. The database over time has become the largest clinical database of its kind 

(Ferris & Torchiana, 2010; Steinbrook, 2006; Shahian et al., 2010). Enrollment in the 

database has grown steadily. Today there are 1,024 cardiac surgery practices 

participating in the database, representing an estimated 94% of all adult cardiac 

surgery centers across the country. The STS in September 2010 initiated public 

reporting on its website of outcomes of cardiac surgery centers that have consented to 

such reporting. The STS believes that voluntary reporting of outcomes at the hospital 

level is an appropriate strategy for public reporting at this time. To that extent, they 

will be interested in how voluntary public reporting programs have fared vis-à-vis 

State-mandated public reporting programs.  

 

The study has important conclusions for the use of the key audience identified 

above. The report card States are the primary audience for this research. They are running 

this program at a significant cost and would be keen to see whether the report cards 

caused a reduction in mortality. Perhaps the most important of all impacts for them is the 

number of human lives saved from dying in hospital because of report cards which can 

justify the expense being incurred on the report card program. 

 



10 

 

Significance and Innovation of Research  

This study involves multiple States and multiple time periods.  The study sets up a 

natural experiment in data. The study involves States in all the four census regions of the 

US and thus enhances external validity of its results facilitating extrapolation of its 

findings to the four regions of the country. Use of multiple treatment States and multiple 

comparison States makes the findings more robust. The study exploits the richness and 

uniform coding of HCUP State inpatient databases to make inter-State comparisons. 

Table 2 briefly describes the significance of this research. 

Table 2: Significance of the Study 

1. First study to assess impact of report cards across two decades  

2. Advances the empirical evidence base 

3. Counterfactuals are used to test the hypotheses  

4. Study involves multiple States and multiple time periods 

5. Sets up a natural experiment in data 

6. Takes advantage of different circumstances and variations in different States 

across time 

7. This study also examines impact of a voluntary CABG report card initiative 

8. All four regions of the US represented  

 

The study builds upon the latest research in the field and further advances the 

empirical evidence base. Four contributions were made in the field in 2010 when Wang, 

Hockenberry, Chou, and Yang (2010, 2011), Epstein (2010), Zhang (2010), and 

Kolstad (2010) published their work on CABG report cards.  

 

This study spans two decades and this is the first study that examines the causal 

impact of a public reporting initiative on in-hospital CABG mortality over such a long 

period of time. The overarching finding of this study is CABG report cards over a long 

term do not appear to lead to a reduction in CABG mortality in a State. This lack of 
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impact on CABG mortality is common to all variations of the CABG report cards, i.e. no 

impact is seen on CABG mortality whether the CABG report card is State-mandated or 

provider-sponsored; or whether the report card is hospital-only report card or hospital and 

surgeon report card. Nevertheless, the study finds two very significant impacts of CABG 

report cards. First, CABG report cards are associated with decrease in the market share of 

the average mortality hospitals and surgeons and increase in the market share of low 

mortality hospitals and surgeons. Secondly, the CABG report cards are associated with 

decrease in hospital and surgeon CABG volumes on average which essentially means 

decrease in CABG volume in a report card State. Both these findings are statistically and 

clinically significant.  

 

Perhaps a salient feature of this study is its use of controls. It uses 

counterfactuals to test the hypotheses. Use of controls takes us closer to establishing 

causation or causal effects of the report cards. This study is the first study that assesses 

impact of report cards across two decades. Past studies have assessed the impact of one or 

two or a few editions of a report card. This research takes stock of long-term impact of 

the report cards. Assessing the impact of 22 years of State-mandated hospital and surgeon 

report card experience of New York State, 15 years of State-mandated hospital and 

surgeon report card experience of New Jersey, 10 years of voluntary public reporting of 

Washington State, and 7 years of hospital only mandatory public reporting of Florida 

State has important lessons for other States contemplating similar initiatives. This study 

tries to distill these lessons. It has also examined impact of a voluntary CABG report card 

initiative. 
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Chapter 2: Literature Review and Institutional Context 
 

Conceptual Framework  

Public reporting is designed to improve health care quality in two ways. First, 

public reporting may motivate improvements in the quality of individual providers, 

increasing provider-specific quality of care (intrinsic motivation / supply side incentives). 

Second, public reporting may increase the likelihood that patients select high-quality 

providers, thus increasing the number of patients receiving high-quality care (extrinsic 

motivation / demand side incentives). If either of these two effects is realized, quality of 

care will improve on average. The conceptual framework (Figure 1) guiding this paper is 

an adapted from Epstein (2006) and Kolstad and Chernew (2009) and is based on a 

model of supply and demand for cardiac surgery and is grounded in health economics.  

 

Figure 1: Conceptual framework for the study grounded in microeconomics 

Adapted from Kolstad and Chernew (2009) and Epstein (2006) 
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There is another conceptual framework described in literature. The public release 

of performance data has been proposed as a mechanism for improving quality of care by 

providing more transparency and greater accountability of health care providers (Lansky, 

2002). Fung et al. (2008) have adapted Berwick and colleagues' framework (Berwick, 

James, & Coye, 2003) for quality improvement which is similar to the framework 

described above. According to this framework, public reporting can improve performance 

through two pathways, which are interconnected by a provider's motivation to maintain 

or increase market share (Figure 2). In the selection pathway, patients or their 

intermediaries compare publicly released performance data and reward the better-

performing providers by “selecting” (rewarding, recognizing, punishing, or paying) the 

provider. In the change (or quality improvement) pathway, performance data help 

providers identify areas in which they underperform and improve their performance 

(Marshall, Shekelle, Davies, & Smith, 2003).  

 

Figure 2: Fung et al. (2008)’s adaptation of Berwick et al. (2003)’s framework 
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Past Studies  

Over the past two decades, reporting systems that summarize publicly released 

performance data have proliferated. Four systematic reviews of evidence regarding casual 

impact of public reporting of quality were published during this time (Marshall et al., 

2000; Schauffler & Mordavsky, 2001; Fung et al., 2008; Totten et al., 2012). Marshall et 

al. (2000) had conducted a systematic review on the use and impact of publicly released 

performance data. They noted that studies on the topic were scant and found that several 

reporting systems were evaluated repeatedly, and concluded that hospitals seem to be 

most responsive to the data. Schauffler and Mordavsky (2001) in their systematic review 

concluded that publicly reported performance data did not meaningfully affect decision 

making, quality improvement activity, or competition. Fung et al. (2008) in turn updated 

the systematic review of the evidence on whether publishing patient care performance 

data improves quality of care and recorded a number of findings. They found that the 

evidence was scant, particularly about individual providers and practices. Rigorous 

evaluation of many major public reporting systems was lacking. Evidence suggested that 

publicly releasing performance data stimulated quality improvement activity at the 

hospital level. However, the effect of public reporting on effectiveness, safety, and 

patient-centeredness remained uncertain.  

 

Totten et al. (2012) in their systematic review commissioned by AHRQ found 

public reporting about a health care structure, process, or outcome was associated with a 

small decline in mortality after controlling for trends in reductions in mortality, but at the 



15 

 

same time they also noted that heterogeneity of the outcomes and moderate strength of 

evidence for most outcomes made it difficult to draw definitive conclusions. 

Epstein (2006) concentrated on public reporting of CABG outcomes, and 

reviewed the evidence on the cardiac surgery public report card program. He recorded his 

findings on the state of evidence as follows (p. 408, 416, 418, 420).  

Coronary Artery Bypass Graft Surgery (CABG) report cards are by far the 

most studied of all the public reporting initiatives. Nationwide CABG 

mortality has decreased consistently through time. The few states and 

regions with well-publicized, clinically based CABG report-card programs 

appear to have even lower mortality than other states. Public report cards 

have been associated with decreases in cardiac surgery mortality, but there 

is no rigorous evidence on the causal impact. Non-random determinants of 

the decision to adopt report cards may have been correlated with trends in 

CABG mortality. In particular, report cards may have been published in 

states with a predisposition to quality improvement. If so, basing future 

expectations for mortality reductions on the publication of new report 

cards would be inappropriate. Two Medicare studies of CABG mortality 

trends (Peterson et al. 1998; Hannan et al. 2003) reported lower mortality 

in report-card states relative to the rest of the nation but could not ascribe 

it definitively either to public reporting or to quality improvement efforts 

more generally. Moreover, the rest of the nation may not be the most 

appropriate control group if there are common, unobserved determinants 

of report-card adoption and mortality reduction.  

 

It is not clear that the observed declines in CABG mortality necessarily are 

caused by report-card publication. Prior research, much of which has 

focused on New York’s experience or considers all states with CABG 

report cards together, has failed to distinguish the effect of public 

reporting from other possible confounders associated with an underlying 

predisposition to performance improvement. The study by Dranove et al. 

(2003) is one of the only ones to have considered this possibility explicitly 

so far. They compare New York and Pennsylvania to three adjacent states 

without report cards that may be sufficiently similar in their unobserved 

characteristics to form an appropriate control group. 

 

There is still much to be learned about the relative strengths of incentives 

of public versus private reporting efforts. The Northern New England 

Cardiovascular Disease Study Group (O’Connor et al. 1996) has not 

released its data publicly, but its members experienced CABG mortality 

improvements between 1987 and 1992 that paralleled New York’s 

(Peterson et al. 1998). During the same period, Pennsylvania, which had 
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report cards but no CAC equivalent, had CABG-mortality decreases that 

were smaller than New York’s or northern New England’s. From this, 

Shahian et al. (2001) concluded, “it is the institution of a formal quality 

improvement process that is the key, irrespective of whether this effort is 

public or confidential” (p. 2157). During the period of 1994–1999, 

however, CABG-mortality rates in New York and Pennsylvania were 

significantly lower than average, while northern New England’s was 

comparable to the national average (Hannan et al. 2003), suggesting that 

perhaps the public release of provider-performance data has had an 

independent effect, consistent with findings from the Wisconsin hospital 

report-card experiment (Hibbard et al. 2005b).  

 

Epstein (2006) thus found an association but could not clearly establish a causal 

connection in the literature between report-card publication and the observed declines in 

CABG mortality. Recently, Shahian et al. (2011a, 2011b) in a two-part series have 

published a comprehensive review of public reporting. They (2011a, p. S4-S5) have 

chronicled the impact of public reporting on quality improvement and consumer choice.  

After the introduction of CABG report cards in New York, there was a 

41% decline in risk-adjusted New York CABG mortality rate between 

1989 (4.17%) and 1992 (2.45%) and a corresponding reduction in high 

and low outlier hospitals (Hannan et al., 1994a; Hannan et al., 1994b, 

Hannan et al., 1995). Between 1989 and 1992, New York Medicare 

patients experienced a 22% decline in their CABG mortality rates vs. 9% 

decline in the rest of the nation, and in 1992 New York had the lowest 

Medicare CABG mortality rate in the nation (Peterson, 1998). There are 

numerous specific examples of New York hospitals that changed their 

structures and processes of care with resulting improvements in outcomes 

(Chassin, 2002; Dziuban, 1997). 

 

However, other data cast doubt on the unique role of public reporting in 

this mortality decline. Ghali and colleagues (1997) demonstrated that from 

1990 to 1994, there were similar trends in declining mortality in 

Massachusetts and in Northern New England, areas that are contiguous 

with New York. The former had strong state regulations governing cardiac 

surgery but no organized public reporting, data collection, or performance 

improvement activities. The Northern New England Cardiovascular 

Disease Study Group had an exemplary program of data collection, 

analysis, and confidential feedback of results to providers as well as highly 

effective, collaborative efforts to disseminate best practices. 
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Other studies also demonstrate that public reporting may not be unique in 

its ability to stimulate performance improvement. In a study of Medicare 

CABG recipients, Peterson and colleagues (1998) found that New York 

and Northern New England had nearly superimposable reductions in 

mortality and lowest-in-nation 1992 mortality rates. Guru and colleagues 

(2006) studied CABG mortality in Ontario, Canada, demonstrating a 29% 

reduction in mortality after confidential reporting was introduced but no 

additional decrement in mortality when public reporting was added. 

Confidential feedback of results in Ontario was associated with lower 

mortality rates compared with the rest of Canada where this was not the 

practice.  

 

Studies of quality improvement related to public reporting in nonsurgical 

conditions reveal similarly inconsistent results. Hollenbeak and colleagues 

(2008) studied the ratios of observed/expected mortality in Pennsylvania 

between 2000 and 2003 for acute myocardial infarction (MI), heart failure, 

stroke, pneumonia, and sepsis. All the results from this public reporting 

state were favorable (odds ratios significantly less than 1), and they were 

superior to those of other regions with limited or no public reporting. 

Furthermore, Pennsylvania results were not significantly different from 

those in 3 other publicly reporting states, suggesting that public reporting 

was the common thread. 

 

In a study widely used to support the value of public reporting, Hibbard 

and colleagues (2005) favorably compared the changes in Wisconsin 

hospital performance that resulted from public reporting vs. those that 

resulted from private feedback of information to hospitals. However, 

careful scrutiny of this study reveals both methodological issues 

(limitation of significant findings to obstetrics, an area where baseline 

performance was low; nonrandom allocation of hospitals to the public 

reporting group; small numbers of hospitals; minimal risk adjustment) and 

the disappearance of statistical significance when appropriate random 

effects models were used. In fact, one could argue that the study actually 

demonstrates a finding contrary to that usually ascribed to it. Specifically, 

when the appropriate statistical approach is used, private feedback and 

public reports had indistinguishable results, and both were superior to no 

reporting whatsoever. 

 

In one of the only randomized trials of public reporting, Tu and colleagues 

(2009) found that early public reporting of MI and heart failure process 

measure performance did not improve subsequent process adherence but 

did result in statistically larger reductions in 30-day MI mortality. This 

suggests that hospitals in the early public reporting group did make some 

changes that impacted mortality, although perhaps not in the formally 

measured care processes. 
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Fung and colleagues (2008) concluded in a recent review that evidence 

supporting an association between public reporting and quality 

improvement is equivocal and generally limited to a few specialties such 

as cardiac surgery. Hannan and colleagues (2003) found that any 

organized improvement initiative, with or without public reporting, 

produced superior results compared with no such program, although 

public reporting states had the lowest ratios of observed-to-expected 

mortality. 

 

Shahian et al. (2011a, 2011b) in their comprehensive review parts of which are 

quoted above concluded that the structured initiatives to collect high-quality clinical data, 

use of such data to determine risk-adjusted outcomes rates, and feedback of results to 

providers are the common denominators of the public reporting initiatives which are 

important for impact on outcomes than public reporting per se.  

 

A vast majority of CABG report card studies focus on the early few years of 

CABG report cards and many of these studies do not have a counterfactual or control 

group. Hence it is difficult to draw a casual conclusion regarding improvements in quality 

of cardiac care because of report card program based on their findings. Another layer of 

complexity arises because report card initiatives vary widely i.e. State-mandated versus 

voluntary and hospital only versus hospital and surgeon report cards. 

 

There are several studies on mechanisms of action of public report cards and the 

magnitude of their effects. Demand side incentives due to public reporting of quality as 

per one estimate led to a 3% decline in mortality, and supply side effects were 3 times as 

large as surgeon response to profit incentives (Kolstad, 2010). On demand side 

incentives, studies of revealed consumer behavior (Mukamel & Mushlin, 1998; Dranove 



19 

 

& Sfekas, 2008; Mukamel, Weimer, Zwanziger, Gorthy, & Mushlin, 2004; Mennemeyer, 

Morrisey, & Howard, 1997; Hannan et al., 1997) in response to public reporting of 

quality found that public reporting initiatives had a small but statistically significant 

impact on consumer choices. Public reporting of quality raises concern of avoidance of 

sicker patients leading to an unintended consequence of exacerbation of disparities in 

health outcomes for minorities because minority patients on average tend to be sicker 

(Weinick & Hasnain-Wynia, 2011).
5
 

 

Research on the effect of CABG report cards on provider volumes generally 

agrees that the effect has been small at most (Marshall et al., 2000; Mukamel & Mushlin, 

2001; Schauffler & Mordavsky, 2001). A number of studies failed to find a change in 

CABG volumes for hospitals and surgeons as a result of the New York report cards 

(Hannan, Kumar, Racz, Siu, & Chassin, 1994; Chassin 2002; Jha & Epstein, 2004). On 

the other hand, a few studies of New York have shown that report-card ratings have been 

associated with small but statistically significant changes in market share or procedure 

volume (Mukamel & Mushlin, 1998; Mukamel et al., 2004; Romano & Zhou, 2004; 

Cutler, Huckman, & Landrum, 2004). The first Pennsylvania report-card edition appeared 

to shift CABG volume away from high-morality hospitals and toward low-mortality ones, 

but the changes were not significant (Foreman, Kenkel, & Shea, 1995). Research 

consistently shows an absence of a major effect on provider volumes (Epstein, 2006). 

Romano et al. (2011) found the release of public CABG hospital performance reports in 

California was associated with increased volume at low-mortality hospitals, and may 

have reduced referrals of high-risk patients to high-mortality hospitals. 
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ECRI Institute (2010) in a report to the National Quality Forum evaluated the 

potential association between hospital and surgeon volume and operative mortality for six 

procedures, including coronary artery bypass grafting (CABG). For CABG, the authors 

found that the strength of association for hospital volume and operative mortality was 

relatively low. The evidence was too inconsistent to determine whether a surgeon 

volume‐mortality association exists for CABG and PCI. The studies they reviewed did 

not capture the wide variability in performance among lower‐volume hospitals, some of 

which have mortality rates equivalent to the best‐performing high‐volume hospitals. To 

the authors, this variation indicated that hospital volume is not the only factor driving 

observed mortality rates; other factors could include physician volume and processes of 

care. Therefore, the authors concluded quality indicators that rely on hospital volume 

may face a significant challenge in predicting the operative mortality for lower‐volume 

hospitals, particularly individual hospitals. Overall, the evidence supported a weak 

association between hospital CABG volume and operative mortality. The focus is the 

other way round in this study, which seeks to find whether an association or a casual 

association exists between public reporting of in-hospital mortality and CABG volume. 

 

Summary of what we know and the gaps. The literature on the CABG report 

cards includes a range of methodological approaches from surveys to quasi-experiments. 

The review of descriptive, time series and quasi-experimental studies paints a mixed 

picture of the direction and the magnitude of effects of the CABG report cards. The 

studies of revealed consumer behavior tend to find that these initiatives had a small but 
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statistically significant impact on consumer choices. The magnitude of the effect varies. 

Evidence on causality is lacking. Table 3 describes what we know and what we don’t 

know regarding the causal impact of report cards, Table 4 encapsulates in brief the 

strength and quality of empirical evidence on impact of report cards, and Table 5 clarifies 

the definitions used. 

Table 3: Impact of CABG Report Cards - What We Know and What We Don’t 

Impact  What we know  What we don’t 

On CABG 

mortality 

Though CABG report cards foster reductions in 

patient mortality, given the limitations of available 

evidence it is not yet possible to judge whether 

report-card publication has caused decreases in 

CABG mortality.  

Extrinsic and intrinsic motivation in response to 

report-card has been assumed to be responsible 

for driving CABG mortality reductions. 

Understanding of how report cards work to 

lower mortality is incomplete. We do not 

definitively know if the reductions in mortality 

have made patients as a whole better or worse 

off.  

On 

provider 

volume and 

market 

share 

Evidence is mixed. Report cards are associated with 

small or insignificant changes in provider volume or 

market share. This effect tends to be transient. The 

research does consistently show an absence of a 

major effect of report cards on provider volumes. 

This evidence primarily comes from 

uncontrolled studies. We cannot say with 

absolute certainty that the report cards cause 

change in provider volume or market share. 

 

 

On 

consumer 

choice 

Effect of report cards on referral patterns has been 

small but statistically significant.  

This evidence again primarily comes from 

uncontrolled studies except Epstein (2010) 

which on the contrary fails to detect a significant 

change in referral patterns as a response to the 

sixth i.e. 2002 edition of Pennsylvania Report 

Card. Since there is no control in the studies 

except one, it is not possible to draw a definitive 

causal conclusion. 

On surgeon 

exit 

Surgeons with the highest mortality rates were much 

more likely than other surgeons to retire or leave 

practice after the release of each card. 

Without a control, it is not possible to determine 

whether these surgeons would have exited 

anyway. 

On 

provider 

quality 

Analyses report lower mortality in report-card States 

or providers previously labeled worse. Kolstad 

(2010) isolated the relative role of extrinsic (demand 

side) and intrinsic (supply side) incentives in 

determining surgeon response to report cards and 

found that extrinsic incentives due to quality 

reporting led to a .09 percentage point (three 

percent) decline in mortality. Whereas intrinsic 

surgeon quality improvement response was three 

times as large as surgeon response to profit 

incentives. 

The extent of the patient-avoidance report-card 

response is less studied. The role of hospital 

level factors in conjunction with report cards in 

promoting performance improvement also is not 

well understood (Kolstad & Chernew, 2009). 

The research has not fully explored the effect on 

quality of the interaction between the presence 

of report cards and competitive forces (Kolstad 

& Chernew, 2009). 

 

Source: Adapted from Epstein (2006) and Kolstad and Chernew (2009) 
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Table 4: Quality of Past Studies  

Past Studies 

Causal 

effect 
Statistically Significant 

Impact  

Level of 

Evidence 

(Street, 

2001) 

Grade of 

Evidence 

(Guyatt et 

al, 2008) 

Insignificant 

Impact 

Level of 

Evidence 

Grade of 

Evidence 

On 

provider 

volume or 

market 

share 

Hannan, et al., 1995  

Mennemeyer et al., 1997  

Mukamel & Mushlin, 1998  

Mukamel et al., 2004 

Cutler, Huckman, & 

Landrum, 2004 

Romano & Zhou, 2004 

Dranove & Sfekas, 2008  

Wang et al., 2010 

 

III.3 

 

Moderate 

in terms of 

quality 

(These 

studies do 

not use a 

comparison 

group 

except one. 

This makes 

drawing 

causal 

conclusions 

difficult.). 

 

Hannan  et al.,  

1994  

Foreman, 

Kenkel, & Shea, 

1995 

III.3 

 
Moderate 

quality 

(Does not 

use a 

comparison 

group). 

 
*Chassin, 2002  IV 

**Dranove et al., 2001  III.2 

On 

consumer 

choice 

Hannan et al., 1997  

Mennemeyer et al., 1997 

Mukamel & Mushlin, 1998 

Mukamel et al., 2004 

Cutler et al., 2004 

Dranove & Sfekas, 2008 

III.3 

**Epstein, 2010  III.2 High in 

impact. 

High 

quality 

(Uses a 

comparison 

group). 

   

On surgeon 

exit 

Hannan, et al., 1995  

Jha & Epstein, 2004 

Jha & Epstein, 2006 

III.3 

 

On 

provider 

quality 

Chassin, Hannan, & 

Debuono, 1996  

Peterson et al., 1998  

Hannan et al., 2003 

Kolstad, 2010 

 

III.3 

 

*Chassin, 2002  IV 

*Descriptive study **Quasi-experimental study. The rest are pre post time series studies. 

 

Table 5: Definitions of Level and Grade of Evidence  

Level of Evidence 

Quality levels of evidence in systematic reviews 

(Street, 2001) 

► Level I: Evidence obtained from a systematic review of all relevant randomized controlled trials. 

► Level II: Evidence obtained from at least one properly designed randomly controlled trial. 

►Level III.1: Evidence obtained from a well-designed controlled trial without randomization. 

► Level III.2: Evidence obtained from a well-designed cohort or case-control analytic study, preferably from more 

than one centre or research group. 

► Level III.3: Evidence obtained from multiple time series with or without the intervention, or dramatic results in an 

uncontrolled experiment. 

►Level IV: Opinion of respected authorities based on clinical experience, descriptive studies or a report from an expert 

committee. 

Grade of Evidence 

GRADE Working Group grades of evidence 

►High quality: Further research is very unlikely to change our confidence in the estimate of effect. 

►Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect 

and may change the estimate. 

►Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect 

and is likely to change the estimate. 

►Very low quality: We are very uncertain about the estimate. 

 



23 

 

Review of State Experience with CABG Report Cards  

In this section, I review the CABG report card initiatives of report card States. 

New York, Pennsylvania, New Jersey, California and Massachusetts as they were 

pioneers of this initiative and hence I review their experience first. Next, I review report 

card initiatives of Florida and Washington States that have hospital only CABG report 

cards. They do not publish surgeon report cards. Finally, I review the States that have 

recently started publicly reporting hospital outcomes. These outcomes include CABG 

mortality. Colorado, Illinois, Kentucky, Minnesota, Tennessee, Texas, and Wisconsin 

publish general purpose hospital report cards that report outcomes of a variety of 

conditions. These are not CABG only report cards. Virginia on the other hand has 

recently established a special rating webpage on CABG mortality and readmissions. 

 

New York. New York State has reported risk-adjusted outcomes for the 

procedure for nearly 20 years (New York Department of Health [NYDOH], 2010). New 

York State has published 21 CABG report cards till date beginning 1990. Table 6 lists the 

editions of the CABG report cards released by New York and the other report card States. 

The first public reporting of information on quality with respect to CABG surgery in New 

York State took place on December 5, 1990 when The New York Times published the 

patient volume and risk-adjusted mortality rate (RAMR) for every hospital that 

performed CABG surgeries in New York State (Mukamel & Mushlin, 1998 in Zhang, 

2010). The information released covered the second half of 1989 and the first half of 

1990. On June 6, 1991, the Department of Health and its Cardiac Advisory Committee 

published hospital RAMRs covering CABG surgeries for all of 1990.  



24 

 

 

The first New York CABG report cards did not release surgeon-level information. 

From 1992 onwards, hospital- and surgeon-level report cards for all isolated CABG 

surgeries were released by the New York Department of Health and its Cardiac Advisory 

Committee on an annual basis. The report cards would cover hospital-level outcomes for 

the preceding year and surgeon-level outcomes for the preceding three years. For 

example, the report cards published in December 1992 reported the 1991 hospital-level 

mortality rates and the 1989-1991 surgeon-level mortality rates (Zhang, 2010). In 

addition to the patient volume and RAMRs, the post-1992 report cards also published the 

actual number of deaths, actual mortality rates, expected mortality rates, 95% confidence 

intervals, and indicators for hospitals and surgeons with significantly higher or lower 

RAMRs (Zhang, 2010). The last 17 CABG report cards are available on the web site of 

the New York State Department of Health. The NY reports are published by a lag of 2 

years. For example, the report card for 2006-2008 was released in December, 2010. 

 

Isolated CABG (performed with no other major cardiac procedure) represented 

the majority of adult cardiac surgeries performed and hence it was the focus of public 

reporting in the initial years. Encouraged by the impact of the CABG public reporting 

program on the quality of cardiac care in the State, the New York Department of Health 

started reporting outcomes of Percutaneous Coronary Interventions (Angioplasty) and 

Pediatric Congenital Cardiac Surgery in the State. It has published 13 Angioplasty report 

cards and 3 Pediatric Congenital Cardiac Surgery report cards. 
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Table 6: State CABG Report Card Editions 

State Report Card Number 

of 

Editions 

Year(s) to which report card data pertain  

New York CABG 21 1990, 1989-91, 1990-92, 1991-93, 1992-1994, 1993-1995, 

1994-1996, 1995-1997, 1996-1998, 1997-1999, 1998-2000, 

1999-2001, 2000-2002, 2001-2003, 2002-2004, 2003-2005, 

2004-2006, 2005-2007, 2006-2008, 2007-2009, and 2008-10 

PCI 

(Angioplasty) 

13 1995-1997, 1998-2000, 1999-2001, 1999-2001, 2000-2002, 

2001-2003, 2002-2004, 2003-2005, 2004-2006, 2005-2007, 

2006-2008, 2007-2009, and 2008-10 

Pediatric 

Congenital 

Cardiac 

Surgery  

3 1997-1999, 2002-2005, and 2006-2009 

Pennsylvania CABG Surgery 

Valve Surgery 

14 1990, 1991, 1992, 1993, 1994-1995, 2000, 2002, 2003, 

2004, 2005, 2005-2006, 2006-2007, 2007-2008 and 2008-

2009 

New Jersey CABG 13 1994-1995, 1996-1997, 1998, 1999, 2000, 2001, 2002, 2003, 

2004, 2006, 2007, 2008, and 2009 

California CABG 10 1997-1998, 1999, 2000-2002, 2003, 2003-2004, 2005, 2005-

2006, 2007, 2007-2008, and 2009 

Massachusetts CABG 10 2002, 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 

2011 

PCI 

(Angioplasty) 

9 2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011 

 

Pennsylvania. Pennsylvania was the second State to initiate public reporting of 

cardiac surgery outcomes. The Pennsylvania Health Care Cost Containment Council 

(PHC4) publishes the CABG report cards in Pennsylvania. The Pennsylvania report cards 

publicly disclose the aggregate health outcomes of those undergoing CABG at the 

hospital- and surgeon-level. Since 1992, PHC4 has published 14 CABG report cards. The 

first four report cards were distributed to hospitals, surgeons, public libraries, business 

groups, legislature, the media, and any individual who requested them (Schneider & 

Epstein, 1998 in Wang et al., 2010). From the 1994-95 edition onwards, Pennsylvania 

started widely disseminating its report cards using PHC4 web site. The last ten report 

cards are available on the web site of PHC4. Providers are rated if they meet the 

minimum volume threshold for the rating year, which is at least 30 CABG procedures 
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performed. The report cards rate CABG providers (hospitals and surgeons) on four 

outcomes: in-hospital mortality, 30-day mortality, 7-day readmission and 30-day 

readmission. To arrive at the rating for each provider, PHC4 first constructs a 95% 

confidence interval for the expected risk-adjusted rate for each of the four outcomes, and 

compares the actual outcomes of each provider to the 95% confidence interval. Each 

hospital and surgeon receives one of three possible ratings: lower than expected, same-as-

expected, or higher than expected in each of the four categories. The report cards also 

publish the average post-surgical length of stay for the patients of each hospital and each 

surgeon (PHC4, 2011; Wang et al., 2010). 

 

New Jersey. New Jersey followed the lead of its neighbors, New York and 

Pennsylvania. It began publishing CABG report cards for 1994-1995. In all, it has 

published 13 CABG report cards. New Jersey publicly reports CABG outcomes both for 

hospitals and surgeons every year after an average lag of 2.5 years.  New Jersey and New 

York follow a similar methodology in generating report card rating and in risk 

adjustment. 

 

California. In California, hospital quality performance data for isolated CABG 

surgeries have been collected and publicly released through the voluntary California 

CABG Mortality Reporting Program (CCMRP, 1997 to 2002) and, more recently, the 

mandatory California CABG Outcomes Reporting Program (CCORP, 2003 to present). 

California established a voluntary statewide program - California CABG Mortality 

Reporting Program (CCMRP) - designed to collect and report CABG mortality data for 
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participating California hospitals in 1995. It was a public-private partnership between the 

Office of Statewide Health Planning and Development (OSHPD) and the Pacific 

Business Group on Health, a statewide coalition of purchasers of care. The first CABG 

report appeared in 2001, based on 1997-98 data. The voluntary program released three 

report cards. Hospital 2000-2002 Data was the third and final voluntary report. The 

voluntary program remained active for seven years and laid the foundation for State-

mandated public reporting of CABG outcomes. The passage of California Senate Bill 680 

(Chapter 898, Statutes of 2001) replaced the voluntary program with the California 

CABG Outcomes Reporting Program (CCORP), which began data collection in January 

2003 from all hospital cardiac units, and it publicly reports risk-adjusted outcomes 

annually at the hospital level and bi-annually at the surgeon level.  

 

Under voluntary and mandatory programs altogether, California has published 10 

CABG report cards. The last but one i.e. the sixth heart bypass surgery report developed 

by the Office of Statewide Health Planning and Development (OSHPD) covered all of 

California's 122 State licensed hospitals where CABG procedure was performed and was 

the fourth report to detail results for all 279 surgeons who performed the surgery (State of 

California, 2011). California plans to join New York and Pennsylvania in reporting 

CABG with valve surgery outcomes in the coming years (Ritley & Romano, 2011; State 

of California, 2011). 

 

Massachusetts. Massachusetts began its cardiac surgery outcome public 

reporting program in 2001 pursuant to legislation enacted in 2000 requiring that a cardiac 
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care quality advisory commission develop standards for collecting cardiac data. Such a 

commission (Massachusetts Cardiac Care Quality Commission) was established. 

Following a 2001 report filed by the Massachusetts Cardiac Care Quality Commission, 

the State legislature mandated the Massachusetts Department of Public Health to collect 

patient specific outcome data, and evaluate all surgery and angioplasty programs in the 

State. Regulations passed in April 2002 required all Massachusetts hospitals providing 

cardiac surgery and/or angioplasty to submit patient data (Mass-DAQ, 2011). 

Massachusetts thus far has released 10 CABG and 9 percutaneous coronary intervention 

reports. In addition to reporting hospital outcomes every year based on previous one year 

data, Massachusetts publicly reports surgeon level outcome data based on a three year 

rolling period beginning the three year period 2002-2004. Table 7 compares all 5 State-

mandated CABG report cards. 

 

 

Table 7: Comparison of State-Mandated CABG Report Cards (NY, PA, NJ, CA, MA) 

 
 NY PA NJ  CA MA 

Voluntary/Mandatory Mandatory 

Levels reported Hospital and Surgeon 

Frequency  Every year 

clinical advisory 

committees 

yes 

 NY PA NJ  CA MA 

Most recent release October 2012 May 2011 June 2012 June 2012 January 2013 

Lag of reporting 2 years 1.5 years 2.5 years 2.5 years 1.25 years 

Hospital reports span 

how many years of 

data 

1 Both 1 & 2  1 1 1 

Surgeon reports span 

how many years of 

data 

3 2 1 2 3 

Main outcome reported ►Risk-adjusted 

operative 

mortality rate 

►Observed 

mortality rate 

►Estimated 

mortality rate 

►In-hospital 

mortality 

►30-day 

operative 

mortality 

►In-hospital 

mortality 

►30-day 

operative 

mortality 

►Risk-adjusted 

operative 

mortality rate 

►Observed 

mortality rate 

►Estimated 

mortality rate 

►Risk-

standardized 

30-day all-

cause mortality 

rate 

►Unadjusted 

30-day all-

cause mortality 

rate 
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Other outcomes 

reported 

 ►readmission 

within 7 and 30 

days, ►average 

length of stay,  

►average 

hospital 

charges, and 

►aggregate 

CABG 

associated 

hospital-

acquired 

infections  

►risk-adjusted 

average length 

of stay, 

►statewide 

infection rates 

for deep-sternal 

wounds, leg 

wounds, 

thoracotomy 

wounds, 

septicemia, 

urinary tract, 

and pneumonia 

►internal 

mammary 

artery usage 

and ►post-

operative stroke 

rate 

 

Funding  State budget State budget State budget hospital fees hospital fees 

 NY PA NJ  CA MA 

Program established 1989 1986 1994 2001 2002 

Program Administrator New York 

Department of 

Health 

Pennsylvania 

Health Care 

Cost 

Containment 

Council 

(PHC4) 

Office of 

Health Care 

Quality 

Assessment 

Department of 

Health and 

Senior Services 

Office of 

Statewide 

Health Planning 

and 

Development 

Department of 

Public Health 

and Mass-DAC 

Program authorization Regulatory Regulatory Regulatory Legislative  Legislative  

Most recent release 2008-10 2008-2009 2008 2009 2011 

Most recently reported 

30-day CABG 

mortality rate 

1.81 %  

(2006-2008) 

2.2 %  

(2009) 

1.47%  

(2008) 

2.24%  

(2007-2008) 

1.19%  

(2008-2009) 

Approximate 

Number of Hospitals 

Participating 

50 60 18 122 14 

Approximate 

Number of Surgeons 

Participating 

200 195 70 279 64 

Reporting Style of  

Results  

(Rank/ Rating) 

Rates lower or higher 

than expected 

and same as 

expected 

Rates Rates and 

ratings of 

“Better”, 

“Worse” and 

“Not Different” 

30-Day 

Mortality 

Incidence 

Rates (SMIRs) 

 NY PA NJ  CA MA 

Outliers in the latest 

report 

6 hospitals and 

4 surgeons had 

RAMRs that 

were 

significantly 

lower 

than the 

statewide rate 

whereas a 

hospital and 5 

surgeons had 

RAMRs that 

were 

significantly 

higher 

than the 

statewide rate 

5 hospitals 

lower than 

expected and 

14 hospitals 

higher than 

expected, 

11 surgeons 

lower than 

expected and 2 

surgeons higher 

than expected 

no hospital and 

surgeon had 

statistically 

significantly 

different risk-

adjusted 

mortality rate 

than the 

statewide rate 

No hospital 

performed 

statistically 

significantly 

better than the 

State average, 

but two 

hospitals 

performed 

worse than the 

State average; 

two surgeons 

performed 

statistically 

significantly 

better while 

eight surgeons 

performed 

worse 

no hospital or 

surgeon was 

identified as a 

statistical 

outlier 

Minimum # of cases 

for inclusion the report 

at least one of 

the following:  

hospitals and 

surgeons who 

at least 

100 isolated 

no minimum 

required 

11 or more 

CABG 
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card performed 200 

or more cardiac 

operations 

during 

3 years, or 

performed at 

least one 

cardiac 

operation in 

each of the 

three years 

performed 30 

or more 

procedures on 

adults in two 

years 

CABG 

operations in 

one hospital in 

two years 

combined 

admissions 

Procedures for which outcomes are publicly reported 

 NY PA NJ  CA MA 

Isolated CABG yes yes yes yes yes 

Isolated valve surgery  yes yes may report in 

future  

may report in 

future  

no 

Valve surgery with 

CABG 

yes yes may report in 

future  

may report in 

future  

no 

PCI yes yes no pilot basis yes 

Factors uniformly 

used in risk adjustment 

in all 5 States 

myocardial infarction (MI) within 24 hours, ejection fraction (<30), diabetes, renal failure 

(with or without dialysis), and peripheral vascular disease 

Factors not uniformly 

used in risk adjustment 

in all 5 States 

COPD, extensive atherosclerosis, arrhythmia, three-diseased vessels, prior PCI or history of 

CABG/valve surgery 

 NY PA NJ  CA MA 

Audits On-site medical 

record audits of 

6 programs 

(2008); audits 

of all cases 

diagnosed as 

shock, unstable, 

or stent 

thrombosis 

Medical record 

audits for pre-

operative 

cardiogenic 

shock or acute 

renal failure 

Medical record 

audits (100 

cases/ 

hospital) 

Medical record 

audits of 

suspected 

outlier hospitals 

and those 

under- or over-

reporting risk 

factors, plus 

small random 

sample. About 

40-160 cases 

audited per 

selected 

hospital 

Medical record 

audits 

conducted by 

MA cardiac 

surgeons and 

data managers. 

A mix of 

census of 

“high-risk” 

variables and a 

random sample 

of other 

variables 

examined 

 

Sources: Mass-DAQ, 2011; New Jersey Department of Health and Senior Services, 2011; 

New York State Department of Health, 2010; PHC4, 2011; Ritley & Romano, 2011; 

State of California, 2011. 

 

Florida. Florida established its public reporting initiative in 2005 in response to 

the Affordable Health Care for Floridians Act of 2004. In November 2005, the Florida 

Center for Health Information and Policy Analysis in the Florida’s Agency for Health 

Care Administration unveiled www.FloridaCompareCare.gov becoming a leader in 

public reporting of health care data (Florida Center for Health Information and Policy 

Analysis, 2006). The Florida Compare Care website presented data and information to 
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help consumers compare short-term acute care hospitals, ambulatory (outpatient) surgery 

centers, or health plans. The website allowed a user to view performance and outcome 

data and information on selected medical conditions and procedures for inpatient care 

(hospitals) and for outpatient care (ambulatory surgery centers or hospitals). In 2006, this 

health care transparency website was enhanced to provide consumers a searchable site 

with performance and quality indicators for health plans as well as health care facilities. 

Florida’s initiative is different from that of New York and New Jersey on two counts. 

Firstly, Florida does not publicly report physician or surgeon level outcome data. Its 

public reporting is confined to reporting of outcomes of hospitals. Secondly, Florida 

publicly reports outcomes of a multitude of hospital procedures not confined to CABG. It 

does not publish a traditional CABG only report card as New York and New Jersey do. 

Florida’s web site is searchable and outputs key outcomes when queried. 

 

Washington. Washington took a different route to public reporting of cardiac 

care outcomes. Its physicians and hospitals came together and established the Clinical 

Outcomes Assessment Program (COAP) to produce clinical information needed to 

improve quality of care and meet the growing demand for accountability. COAP was 

created in 1997. COAP is governed by a 14-member management committee composed 

of surgeons, cardiologists, general internists, and nurse specialists, and also includes staff, 

a statistician, and special advisors. COAP’s physician-led Management Committee, in 

partnership with State officials and key stakeholders, has created this program as a model 

of collaboration in which Washington State’s cardiac community can work together in 

improving cardiac care outcomes (Clinical Outcomes Assessment Program [COAP], 
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2011). Washington is the first to develop a non-mandatory, physician-led reporting 

program with public accountability and universal hospital participation. Washington has 

used a collaborative model based on confidential data sharing and peer-group education 

as its approach. COAP’s reporting mechanism provides hospitals with clinical feedback 

on a quarterly basis. All hospitals in Washington State that perform open heart surgery 

participate in COAP. It relies on clinical data submitted by all 35 Washington hospitals 

performing cardiac surgery. Data is entered and reviewed for errors on a quarterly basis 

and hospitals receive quarterly and annual reports as well as an annual risk-adjusted 

dashboard report. COAP establishes quality standards by peer consensus and holds 

institutions accountable for performing to those standards. Public reporting was 

established later in the program when the participating hospitals were listed on a public 

web site in 2003 as either in full compliance with QI plan standards or in partial 

compliance with QI plan standards as a result of their ability to meet both administrative 

and outcome standards. COAP was developed to determine whether a collaborative 

model of quality improvement could be replicated and sustained financially while 

producing improvements in care within a competitive statewide market. 

Table 8: Comparison of Florida and Washington CABG Report Cards 

 FL WA 

Voluntary/Mandatory Mandatory Voluntary 

Levels reported Hospital only Hospital only 

Frequency  Online Online 

Most recent release Currently showing July 2011 through June 2012  Currently showing 2011 

Lag of reporting 6 months 1.5 years 

Hospital reports span 

how many years of data 

1 1  

Surgeon reports span 

how many years of data 

No surgeon report cards No surgeon report cards 

Main outcome reported ►Risk-adjusted operative mortality rate 

►Observed mortality rate 

►Estimated mortality rate 

►In-hospital mortality 

 

Other outcomes 

reported 

Physician volume ►Renal failure, stroke, wound 

infection  

►Arterial graft use  
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►Blood use  

Funding  State budget Non-profit 501.c3 in Seattle 

Program established 2005 Est. 1997, Public reporting began in 

2003 

Program Administrator Florida Agency for Health Care Administration Clinical Outcomes Assessment 

Program (COAP)  

Program authorization Regulatory COAP’s physician-led Management 

Committee, in partnership with State 

officials and key stakeholders 

Most recent release July 2011 through June 2012  2011 

Most recently reported 

CABG mortality rate 

1.61% 

(2010) 

1.8 %  

(2011) 

Approximate 

Number of Hospitals 

Participating 

76 19 

Reporting Style of  

Results  

(Rank/ Rating) 

★★★   -  Fewer deaths than expected given how 

sick patients were (Better than expected)  

★★   -  Expected number of deaths given how 

sick patients were (As expected)  

★   -  More deaths than expected given how sick 

patients were (Worse than expected)  

N/A  - Not enough data to calculate.  

Symbol rating i.e. statistically better 

or worse than statewide risk adjusted 

rate and within the range of statewide 

average 

Outliers in the latest 

report 

Total hospitals: 76 

Worse than expected: 2 

As expected: 73 

N/A - Not enough data to calculate: 1 

Total hospitals: 19 

Worse than expected: 0 

As expected: 16 

N/A - Not enough data to calculate: 1 

Not reporting: 2 

Minimum # of cases for 

inclusion the report card 

At least one case defined as follows:  

Mortality - IQI 12 

Inclusions: Number of deaths with a code of 

CABG in any procedure field divided by 

discharges, age 40 years and older, with ICD-9 

codes of 3610 through 3619 in any procedure field. 

Exclusions: Cases with missing disposition. Cases 

transferring to another short-term hospital. Cases 

in MDC 14 (obstetrics) and MDC 15 (newborns 

and other neonates). 

Participating hospitals  

 

Other State hospital outcome reporting programs. Lately, eight more States 

(CO, IL, KY, MN, TN, TX, VA, and WI) have been publicly reporting hospital outcomes 

which include CABG mortality. All these, except Virginia, are not CABG only report 

cards but are general purpose report cards that report outcomes of a variety of conditions. 

Virginia has recently established a special rating webpage on CABG mortality and 

readmissions. 
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The Colorado Hospital Report Card was created by House Bill 06-1278. This bill 

requires general hospitals in the state of Colorado to report on clinical measures that 

allow consumers to compare healthcare services of these facilities. This data is required 

to be made available on a website, allowing consumers to conduct an interactive search to 

compare information from specific hospitals. The Colorado Department of Public Health 

and Environment (CDPHE) selected the Colorado Hospital Association (CHA) as the 

entity to create and maintain the Colorado Hospital Report Card. The Colorado Hospital 

Association has established the website and it reports hospital outcomes for a variety of 

conditions. Beginning 2008, this interactive website is reporting CABG mortality of 

Colorado hospitals and classifying them into better than average, average, and worse than 

average categories. 

 

In late 2007 in response to the Illinois Hospital Report Card Act (210 ILCS86), 

the Division of Patient Safety and Quality was established at the Illinois Department of 

Public Health. It is responsible for publishing the Illinois Hospital Report Card and 

Consumer Guide on the website. The Division is responsible for the collection of patient 

discharge data from Illinois hospitals and ambulatory surgery treatment centers. The 

Illinois Hospital Report Card and Consumer Guide to Health Care website was developed 

to provide ready access to these reports to consumers. Data is compiled from an array of 

sources including the discharge data set. The Illinois Hospital Report Card and Consumer 

Guide to Health Care (HRCCGH) website had six releases since its inception in 

November, 2009. The HRCCGH website currently displays over 175 indicators of 
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quality, safety, utilization and charges for specific procedures and conditions, which 

includes CABG.  

 

The Minnesota Department of Health (MDH) has released its 2010 and 2011 

Minnesota Health Care Quality Report.  The report is part of Minnesota’s 2008 health 

reform law, which requires Minnesota Department of Health to publish a standardized set 

of quality measures for hospitals and physician clinics across the State and to report on 

health care quality. Texas has published a similar report in 2010 and 2011.  

  

BlueCross BlueShield of Tennessee in partnership with the Tennessee Hospital 

Association launched a hospital quality-rating web site in 2005 that posts information 

including average lengths of stay and mortality and readmission rates for common 

procedures and conditions. The Tennessee Hospital Association gave BCBS access to 

aggregate data that its members file with the State. 

 

The Kentucky Hospital Association, beginning 2007, displays the Inpatient and 

Patient Safety Quality Indicators defined by the Agency for Healthcare Research and 

Quality (AHRQ).  The inpatient indicators reflect quality of care inside hospitals and 

include inpatient mortality for certain procedures including CABG. If a hospital has a 

mortality rate which is statistically significantly different from national average - it is 

highlighted - red is significantly worse than the national average, green is significantly 

better.  
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CheckPoint is a voluntary hospital reporting initiative that provides information 

on the quality and safety hospital care in Wisconsin. The hospitals reporting to 

CheckPoint provide care to more than 99 percent of the State's patient population. 

CheckPoint website has included CABG mortality in its public reporting since 2008. 

 

The Society of Thoracic Surgeons Initiative 

This is a nationwide initiative as opposed to State CABG report cards. The 

Society of Thoracic Surgeons (STS) started developing their registry and database in 

1989. The registry grew as a result of the sustained efforts of the STS. As of today, more 

than 94% of the approximately 1100 U.S. cardiac surgery programs participate in the 

registry. Registry data are collected from patients’ charts and include key outcomes such 

as complications and death, the severity of preoperative illness, coexisting conditions, 

surgical technique, and medications. These data are maintained by the Duke Clinical 

Research Institute and are analyzed using statistical methods. The data-collection and 

auditing methods, specifications of the measures, and statistical approaches have evolved 

over the course of two decades and reflect commitment of cardiac surgeons and their 

leadership (Shahian et al., 2007; O’Brien et al., 2007). Participants in the STS registry 

have been using these data to make quality improvements.  STS Database participants 

receive comprehensive feedback reports every quarter of their risk-adjusted results 

compared with STS national benchmarks and with the results for hospitals of similar size 

and teaching intensity. The STS data base and benchmarking had a substantial impact on 

the quality of cardiac surgery. 
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On September 7, 2010, Consumers Union (publisher of Consumer Reports) for 

the first time working with the STS reported the results of CABG procedures at 221 U.S. 

cardiac surgery programs (Ferris & Torchiana, 2010). A similar public reporting initiative 

was implemented on the STS Web site in early 2011 (Shahian, 2011). Launched in 

January 2011, STS Public Reporting Online enables participant centers to voluntarily 

report to the public their heart bypass surgery performance. As of March 2013, star 

ratings are listed on sts.org for more than 250 participant centers.  

 

Each surgical program that has chosen to make its data public is assigned a rating 

of one, two, or three stars. Stars are assigned on the basis of results on 11 performance 

measures that have been endorsed by the National Quality Forum. The rating depends on 

whether the risk-adjusted outcomes in a program fall below, are equal to, or exceed the 

average performance range. The performance thresholds are designed to ensure a 99% 

probability that outlier programs —those rated significantly below or above the mean and 

therefore given one and three stars, respectively — are truly below or above average. In 

addition to the star rating for overall performance, consumers see the star rating and 

actual performance scores (on a scale from 0 to 100) in four subcategories: 30-day 

survival (“patients have a 98% chance of surviving at least 30 days after the procedure 

and of being discharged from the hospital”), complications (“patients have an 89% 

chance of avoiding all five of the major complications), use of appropriate medications 

(“patients have a 90% chance of receiving all four of the recommended medications”), 

and surgical technique (“patients have a 98% chance of receiving at least one optimal 

surgical graft”) (Ferris & Torchiana, 2010). As noted earlier, STS is publicly reporting on 
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its own web site the performance data of cardiac surgery centers who have agreed to 

public reporting of their performance and this number is steadily growing.   

 

To sum up, STS adult cardiac registry and database is a cardiac surgery quality 

improvement program which has overlapped in terms of time with the State CABG report 

card initiatives. STS initiative started in 1989 and State CABG report cards were 

established beginning 1991. STS initiative started small and over last two decades has 

become a national program of cardiac surgery quality improvement. STS Registry data 

are richer clinically than data used by States for production of their CABG report cards. 

States generally use in-hospital or 30-day mortality as a basis for rating whereas STS uses 

a composite of 11 performance measures for rating cardiac surgery centers. STS 

performance thresholds for rating a provider as outlier are stricter than that of State 

CABG report card programs. State CABG report cards give overall performance rating 

whereas STS gives rating in subcategories in addition to overall performance rating. State 

report card programs began as public reporting programs ab initio whereas public 

reporting came much later in the evolution of STS initiative. State CABG report cards are 

generally State-mandated programs with a few exceptions whereas STS initiative is a 

voluntary participation program. States generally report hospital and surgeon 

performance whereas STS reports only hospital performance. 

 

The STS initiative has an important implication for this study since it is 

concurrent program with broadly similar aim of improving quality of cardiac surgery. 
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The STS program accomplishments need to be appropriately considered while isolating 

impact of State CABG report cards on CABG mortality. 
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Chapter 3: Methods 
 

Research Question and Sub-Question   

The main research question this research will address is — What is the causal 

impact of Coronary Artery Bypass Graft Surgery (CABG) Report Cards on CABG 

mortality in a State? 

 

The focus of the study is State level CABG mortality because CABG report cards 

are State initiatives and CABG mortality rate in a State is the indicator of CABG quality 

in the State. The purpose of the study is to compare report card States to non-report card 

States on CABG in-hospital mortality before and after the report card initiative. 

 

Other question addressed in this research is the impact of CABG report cards on 

CABG market share and volume of a hospital categorized by its performance i.e. average 

mortality hospital, low mortality hospital and high mortality hospital, and on CABG 

market share and volume of a surgeon categorized by his or her performance i.e. average 

mortality surgeon, low mortality surgeon and high mortality surgeon. This part of the 

study answers the question if the CABG report cards lead to increase in CABG volume 

and market share of a better-performing hospital and a better-performing surgeon. This 

question is of interest because impact on the demand side is considered to be one of the 

two mechanisms through which report cards impact the quality of cardiac care. 
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Research Hypotheses 

Over long-term: 

1. CABG report cards lead to reduction in CABG mortality in a State.  

2. This impact does not differ in a State where public reporting is State-mandated 

from that in a State where public reporting is a voluntary initiative of the 

providers.   

3. Hospital only Report Card State does not differ from both hospital and surgeon 

Report Card State in the impact of report cards on CABG mortality. 

4. CABG report cards lead to increase in CABG market share of better-performing 

hospitals and better-performing surgeons. 

Hypothesis 1 and 4 are based on findings of past studies whereas there is no earlier study 

in the literature with regard to hypothesis 2 and 3. 

 

Data  

I use patient level data from State Inpatient Databases (SIDs) of the Healthcare 

Cost and Utilization Project (HCUP) in this study. The HCUP is a family of health care 

databases and software tools and products sponsored by the Agency for Healthcare 

Research and Quality (AHRQ). HCUP databases bring together the data collection efforts 

of State data organizations, hospital associations, private data organizations, and the 

Federal government to create a national information resource of patient-level health care 

data. HCUP includes the largest annual collection of longitudinal hospital care data in the 

United States, with all-payer, encounter-level information beginning in 1988. These 

databases enable research on a broad range of health policy issues, including cost and 
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quality of health services, medical practice patterns, access to health care programs, and 

outcomes of treatments at the national, State, and local market levels. 

  

I use HCUP State Inpatient Databases for this dissertation research because these 

data represent almost the universe (95%) of the inpatient discharge abstracts in 44 

participating States. These data encompass about 90 percent of all U.S. community 

hospital discharges. HCUP central distributor of the Agency for Healthcare Quality and 

Research (AHRQ) translates the data received from the States into a uniform format to 

facilitate multi-State comparisons and analyses. Currently 27 out of 44 HCUP 

participating States distribute their data through HCUP central distributor in a HCUP 

standardized format which is comparable across States. HCUP State inpatient data 

contain a core set of clinical and nonclinical information on all patients, regardless of 

payer, including persons covered by Medicare, Medicaid, private insurance, and the 

uninsured. Clinical and resource use information included in a typical discharge abstract 

constitutes the state inpatient data once safeguards to protect the privacy of individual 

patients, physicians, and hospitals are built in by the HCUP central distributor. 

 

State level CABG mortality analysis has been done in two ways in this study: 1) 

one using HCUP State-level CABG mortality rate of 33 states for which HCUP 

standardized data is available on HCUPnet, and 2) another using HCUP patient-level data 

of select report card States and non-report card comparison States. Ideally to do proper 

risk adjustment, the analysis should be done using patient-level data for all the years 

since the time before the first report card came into existence in 1991. Years before 1991 
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are relevant because pre-intervention trend can be examined. Data poses several 

limitations in this regard. Data availability in standardized format for cross-State 

comparison for all the years of interest and its cost are two major limitations. The data 

limitations are discussed in detail in the limitations section. Because of these data 

limitations, I use HCUPnet State-level data to augment my analysis of patient-level 

HCUP data. 

 

HCUPnet State-Level Data. HCUPnet is a free, on-line query system based on 

data from the Healthcare Cost and Utilization Project (HCUP). It provides access to 

health statistics and information on hospital inpatient and emergency department 

utilization. It allows one to create one’s own statistics on stays in hospitals, morbidity, 

and mortality for participating States from the HCUP State Inpatient Databases (SID). 

HCUPnet is based on data from community hospitals in the Healthcare Cost and 

Utilization Project. Community hospitals are defined as short-term, non-federal, general 

and other hospitals, excluding hospital units of other institutions (e.g., prisons). National 

and regional HCUP data include OB-GYN, ENT, orthopedic, cancer, pediatric, public, 

and academic medical hospitals.  

 

HCUPnet gives mortality data on principal procedures. Principal procedure is the 

procedure that was performed for definitive treatment rather than one performed for 

diagnostic or exploratory purposes, or the procedure that was necessary to take care of a 

complication. If two procedures appear to meet this definition, then the one most related 

to the principal diagnosis is selected as the principal procedure. Through HCUPnet, I am 
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able to get 315 data points on CABG mortality (315 State-years) as listed in the Table 9. 

Through the HCUPnet, pneumonectomy/lobectomy mortality rates for the States and 

years mentioned in Table 9 (represented by letter ‘x’) are also obtained. These are used in 

the difference-in-differences-in-differences (DDD) model to account for any secular 

trend of improvement in quality in thoracic surgery procedures.  

Table 9: Availability of CABG Mortality Data through HCUPnet 

State  2011 2010 2009  2008  2007 2006 2005 2004 2003 2002 2001 2000  1999 1998 1997 

Arizona x x x x x x x x x x x x x x x 

Arkansas x x x x x x x x        

California § § § § § § § § § § § § § § § 

Colorado o o o o x x x x x x x x x x x 

Florida § § § § § § x x x x x x x x x 

Hawaii x x x x x x x x x x x x x x x 

Illinois  o o x             

Iowa x x x x x x x x x x x x x x x 

Kansas x x x x x x x x x x x x x x x 

Kentucky o o o o o x x x x x x     

Maine   x x x x   x x x     

Maryland x x x x x x x         

Massa-

chusetts 

§ 
§ § § § § § § § § x x x x x 

Michigan x x x x x x x x x x x     

Minnesota o o x x x x x x x x x     

Missouri x x x x x x x x x x x     

Nebraska x x x x x x x x x x x     

Nevada x x x x x x x x x x      

New 

Hampshire 

 
 x x x x x x x       

New Jersey § § § § § § § § § § § § § § § 

New Mexico  x x             

New York § § § § § § § § § § § § § § § 

North 

Carolina 

x 
x x x x x x x x x x x    

Oklahoma x x x x x x x         

Oregon x x x x x x x x x x x x x x x 

Rhode Island   x x x x x x x x      

South 

Carolina 

x 
x x x x x x x x x x x x x x 

Tennessee o o o o o o x x x x x     

Texas   x x x           

Utah x x x x x x x x x x x x x x x 

Vermont x x x x x x x x x x x     

Washington § § § § § § § § § § § § § § § 

West Virginia  x x x x x x x x x x     

Wisconsin o o o o x x x x x x x     

Wyoming x x x x x           

 

‘x’ and ‘§’ signify availability of data through HCUPnet and data points are available for 

315 State-years. ‘§’ signifies report card State-year (total 76 State-years) and ‘x’ 

represents non-report card State-year (total 239 State-years). ‘o’ signifies Wisconsin 

(2008-2011), Kentucky (2007-2011), Colorado (2008-2011), Tennessee (2006-2011), 

Illinois (2010-2011), Minnesota (2010-2011) and Texas (2010) i.e. State-years that are 

not taken into analysis sample though the data are available because these States in the 

years mentioned had general purpose hospital report cards which included reporting on 

CABG. 
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HCUP Patient-Level Data. I use patient-level data for State level mortality 

analysis in select number of report card and non-report card States. Using patient level 

data is a superior method because it allows me to carry out an accurate patient level risk 

adjustment. In addition, patient level data can be aggregated into hospital level and 

physician level data which I use for constructing provider level simulated ratings which 

in turn are used for provider volume analysis in the study. Table 10 shows year-and State-

wise availability of HCUP State Inpatient Databases containing patient-level data. 

Table 10: Availability of Patient-Level Data through HCUP State Inpatient Databases 

 
 State  1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

1 Arizona  x x x x x x x x x x x x 

2 Arkansas              

3 California              

4 Colorado  x x x x x x x x x x x x 

5 Florida  x x x x x x x x x x x x 

6 Hawaii        x x x x x x 

7 Iowa  x x x x x x x x x x x x 

8 Kentucky            x x 

9 Maine           x x x 

10 Maryland  x x x x x x x x x x x x 

11 Massachusetts  § § § § § § § § § § § § 

12 Michigan           x x x 

13 Mississippi              

14 Nebraska             x 

15 Nevada              

16 New Jersey  § § § § § § § § § § § § 

17 New Mexico              

18 New York  § § § § § § § § § § § § 

19 North Carolina              

20 Oregon     x x x x x x x x x 

21 Rhode Island              

22 South Carolina       x x x x x x x 

23 South Dakota              

24 Utah         x x x x x 

25 Vermont             x 

26 Washington  § § § § § § § § § § § § 

27 West Virginia            x x 

28 Wisconsin  x x x x x x x x x x x x 

 
 State  2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

1 Arizona  x x x x x x x x x x   

2 Arkansas    x x x x x x x x   

3 California   § § § § § § § § §   

4 Colorado  x x x x x x x x x x   

5 Florida  x x x  § § § § § §   

6 Hawaii  x x x x x x x x x x   

7 Iowa  x x x x x x x x x x   

8 Kentucky  x x x x x x x x x x   

9 Maine  x x   x x x x     

10 Maryland  x x x x x x x x x    

11 Massachusetts  § § § § § § § § § §   

12 Michigan  x x x x x x x x x x   
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13 Mississippi           x   

14 Nebraska  x x x x x x x x x x   

15 Nevada  x x x x x x x x x    

16 New Jersey  § § § § § § § § § §   

17 New Mexico         x x    

18 New York  § § § § § § § § § §   

19 North Carolina  x x x x x x x x x    

20 Oregon  x x x x x x x x x x   

21 Rhode Island  x x x x x x x x x    

22 South Carolina  x x x x x x x x x x   

23 South Dakota       x x x x x   

24 Utah  x x x x x x x x x    

25 Vermont  x x x x x x x x x x   

26 Washington  § § § § § § § § § §   

27 West Virginia  x x x x x x x x x    

28 Wisconsin  x x x x x x x x x x   

‘x’ and ‘§’ signify availability of data through HCUPnet State Inpatient Databases.  

‘§’ signifies report card State and ‘x’ represents non-report card State. 

 

Table 11 lists the original variables and the calculated variables used in this study. 

The variables of my interest are: patient characteristics such as co-morbidities, and 

pneumonectomy/lobectomy mortality; hospital characteristics such as performance 

rating, CABG volume and CABG market share, and number of heart valve surgeries 

performed in the hospital in a year; and surgeon characteristics such as performance 

rating, CABG volume and CABG market share, and number of heart valve surgeries 

performed by the surgeon in a year.     

Table 11: Variables used in the Study 

Original variables  

Patient level Patient ID, age, sex, medical risk factors (hypertension, diabetes, chronic renal failure, dialysis, 

congestive heart failure, ventricular fibrillation, chronic obstructive pulmonary disease, and 

peripheral vascular disease), pneumonectomy/lobectomy mortality  

Hospital level Hospital ID 

Surgeon level Encrypted surgeon ID 

Calculated  variables  

Patient level Predicted probability of dying in the hospital 

Hospital level Hospital market share, CABG volume, hospital performance rating, risk adjusted mortality rate, 

observed mortality rate, expected mortality rate 

Surgeon level Surgeon market share, surgeon volume at a hospital and at all the hospitals, performance rating, 

observed mortality rate, expected mortality rate, high experience, average experience, low experience 

Proxy variables  

Hospital level Categories of providers based on number of valve surgeries are used as proxy for reputation and 

teaching status of the hospital in this study, because valve surgeries are complicated open heart 

surgeries and are performed at sophisticated and well-equipped centers.  

Surgeon level Categories of providers based on number of valve surgeries are used as proxy for experience of the 

surgeon, as valve surgeries are complicated open heart surgeries and are performed by experienced 

cardiac surgeons.  
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Hospital market share is measured as the proportion of CABGs performed at each 

hospital in the State compared to the total number of CABGs performed in the State. 

Surgeon market share is calculated in a similar way. Availability of data variables in 

HCUP State inpatient databases varies by year and by State. HCUP State inpatient 

databases are able to provide patient level information mentioned in Table 11 and also 

information on key clinical outcome i.e. in-hospital death. I am not able to use patient 

level data for a larger number of States and years because of HCUP data availability and 

data cost limitations. Apart from HCUP State Inpatient Data and HCUPnet, I use no other 

data sources. 

 

Selection of States 

For CABG mortality analysis using State-level HCUPnet data, data is available 

for total 35 States. California, Florida, Massachusetts, New Jersey, and Washington 

are my 5 report card States. I drop New York as a policy State from this analysis 

because I use two-period i.e. pre- and post- model in the difference-in-differences-in-

differences (DDD) specification and New York had started publishing CABG report 

cards in 1991 which falls in the pre- period (1990-1996) defined for other five policy 

or report card States.  Twenty-seven States
1
 are my comparison or non-report card 

States. Report card policy years are shown in Table 9. I drop New Mexico and 

Wyoming altogether because HCUPnet does not report CABG and pneumonectomy 

data from these two States to protect confidentiality of patients as fewer than two 

                                                 
1 California, Florida, Massachusetts, New Jersey, and Washington are report card States while  Arizona, Arkansas, Colorado, Hawaii, 

Illinois, Iowa, Kansas, Kentucky, Maine, Maryland, Michigan, Minnesota, Missouri, Nebraska, Nevada, New Hampshire, North 
Carolina, Oklahoma, Oregon, Rhode Island, South Carolina, Tennessee, Texas, Utah, Vermont, West Virginia, and Wisconsin are 

non-report card States in this analysis of State-level data. I do not include because it had published report during much of the pre 

period (1990-1996). 
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hospitals in these two States perform these procedures. I also drop recent few years of 

data from CO, IL, KY, MN, TN, TX, and WI when they reported hospital outcomes 

for multiple conditions and multiple procedures including CABG.  

 

For mortality analysis using patient-level HCUP data, New York, New Jersey, 

Florida and Washington are my four report card states and Iowa, Maryland, and 

Arizona are my three comparison or non-report card States. Following are reasons for 

this identification strategy. 

 

HCUP patient level data is available from State Inpatient Databases (SIDs) for 

various States and different years as shown in Table 10. SIDs are available for varying 

number of years for seven report card States i.e. California, Florida, Massachusetts, 

New Jersey, New York and Washington. Out of these seven States, I chose New York 

and New Jersey as the treatment states because of their longstanding hospital and 

surgeon report card programs, and I chose Florida and Washington because of their 

distinctive hospitals-only report card programs. I chose Washington because of unique 

voluntary nature of its public reporting program. I included Florida because of its 

State-mandated online reporting of hospital only outcomes as opposed to both the 

hospital and the surgeon level reporting in the other States. I did not choose 

Pennsylvania because Pennsylvania does not distribute its data through HCUP and 

hence its data being not HCUP-standardized, cannot be used for cross-State 

comparisons, and also its report cards have been extensively studied. California and 

Massachusetts publish both hospital and surgeon level report cards. I did not include 
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these two States because of data limitation, these two States do not provide encrypted 

surgeon identifier which is a variable of my interest and which I use in the surgeon-

level volume analysis. For the purpose of comparison, I included Iowa, Maryland, and 

Arizona because these are non-report card States and they never had a report card, and 

HCUP data is available for them for the period of interest. I could not include 

Wisconsin because it started reporting hospital outcomes for multiple conditions in the 

post- period (2008-2009). Data is not available for any other non-report card State for 

the pre- period (1990-91). Hence, I was constrained to use just three comparison States 

(IA, MD, and AZ) for which HCUP SID is available for both pre- and post- periods. 

Availability of HCUP SIDs for select States and select years severely constrained my 

choice of comparison States. 

 

Research Design  

The overarching research design is a natural or quasi-experimental set up utilizing 

secondary data. Using this design, the study intends to isolate the causal effects of CABG 

report cards on CABG mortality in a State and, also on provider volume. The study will 

compare CABG surgeries in report card States with those in States that do not have a 

report card on State level CABG mortality using a difference-in-differences (DD) and a 

difference-in-differences-in-differences (DDD) approach. Table 12, given below, 

summarizes objectives, method, approach, modeling and outcomes of interest of the 

study, and Table 13 describes levels of analysis. A State is unit of analysis in the analysis 

using HCUPnet data, and a CABG patient is unit of analysis in the analysis using HCUP 

patient-level data. 
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Table 12:  Synopsis of Objectives, Approach, Method, Modeling and Outcomes of Interest 

Aim and 

objective 

Hypothesis  Data Approach and Method  

 

Econometric 

modeling 

Outcome of interest 

To study 

impact of 

CABG 

Report 

Cards on 

CABG 

mortality in 

a State 

1. CABG report 

cards lead to 

reduction in 

CABG mortality in 

a State.   

2. This impact 

does not vary in a 

State where report 

card and public 

reporting is State-

mandated from 

that in a State 

where public 

reporting is a 

voluntary initiative 

of the providers.   

3. Hospital only 

report card State 

does not differ 

from both hospital 

and surgeon report 

card State in the 

impact of report 

cards on CABG 

mortality 

HCUPnet 

and 

HCUP 

State 

Inpatient 

Databases 

(SIDs)  

State Level Mortality 

Analysis using State-level 

data and also patient-level 

data:  

 

Difference-in-differences-

in-differences (Angrist & 

Krueger, 1999; Meyer, 

1995) i.e. difference 

between the pre -post, 

within-State differences of 

the treatment and control 

States in a quasi-experiment 

set up in HCUP SID 

Databases.  

 

First two differences pertain 

to isolated CABG, and the 

third difference pertains to 

pneumonectomy / 

lobectomy which is a 

surgery unrelated to CABG. 

Difference-

in-

differences-

in-

differences 

(DDD) 

CABG in-patient 

mortality in a report 

card State  

To study 

impact of 

CABG 

Report 

Cards on 

hospital and 

surgeon 

market 

share  

4. CABG report 

cards lead to 

increase in CABG 

market share of a 

better-performing 

hospital and a 

better-performing 

surgeon. 

Hospital-Level and 

Surgeon-Level Volume 

Analysis 

Difference-

in-

differences 

(DD) 

CABG volume and 

market share of the 

providers: category-

wise (worse-, 

average- and better-

performing)  

 

 

Table 13:  Levels of Analysis 

Level 
Parameter  

State  Hospital  Surgeon  

CABG Mortality in a State √ Not applicable Not applicable 

CABG Market Share and 

Volume of a provider  
Not applicable √ √ 

 

Table 14 below lists the treatment States (NY, NJ, FL, and WA) and control 

States (IA, MD, and AZ) in the analysis using patient-level data and also the years of 

comparison. 
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Table 14: Treatment States (NY, NJ, FL, WA) and Control States (IA, MD, AZ) in the 

Analysis Using Patient-Level HCUP Data 

 
Hypothesis Outcome 

Method 
Level of 

analysis 
Data 

Treatment versus 

Control States 

Time period of 

comparison 

1, 2 & 3 CABG  & 

Pneumonectomy 

mortality 

Difference-in-

differences-in-

differences 

(DDD) 

State 

 

Patient 

level 

Policy States (NY, 

NJ, FL, and WA) 

vs. non-policy (IA, 

MD, AZ) States 

1990-1991 vs. 

2008-2009 

State-mandated 

Report card State 

vs. non-report card 

States 

NY, NJ and FL vs.  

IA, MD, and AZ 

1990-1991 vs. 

2008-2009 

A State with 

voluntary report 

card program vs. 

non-report card 

States 

WA vs. IA, MD, 

AZ  

1990-1991 vs. 

2008-2009 

Hospital and 

surgeon report 

card State vs. non-

report card States 

NY and NJ vs. IA, 

MD, and AZ 

1990-1991 vs. 

2008-2009 

Hospital only 

report card State 

vs. non- report card 

States 

FL and WA vs.  

IA, MD, and AZ  

1990-1991 vs. 

2008-2009 

4 Market share and 

volume of a 

provider 

Difference-in-

differences (DD) 

Hospital 

and 

surgeon 

Policy States (NY, 

NJ, FL, and WA) 

vs. non-policy 

(MD, AZ) States 

1990-1991 vs. 

2006-2007-

2008-2009 

 

Impact on CABG Mortality in a State 

In difference-in-differences methodology, outcomes are observed for two 

groups for two time periods, pre and post. One of the groups is exposed to a treatment. 

The second group is not exposed to the treatment. In the case where the same units 

within a group are observed in pre and post period, the average difference in the 

second (control) group is subtracted from the average difference in the first (treatment) 

group. This removes biases in the post period comparisons between the treatment and 

control group that could be the result from permanent differences between those 
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groups, as well as biases from comparisons over time in the treatment group that could 

be the result of trends (Wooldridge, 2007). 

 

I use difference-in-difference-in-differences strategy to isolate causal effect of 

CABG report cards in a report card State versus a non-report card State. The first 

difference is between mortality of a State in the pre-report card period and mortality of 

the State in the post report card period.  The first difference controls for factors that 

are constant over time in a State. The second difference is between mortalit ies of 

report card states and non-report card States. The second difference nets out the 

secular trend of reduction in CABG mortality. For the third difference, I use mortality 

rates of lobectomy / pneumonectomy in the States and time periods under 

consideration. Lobectomy / pneumonectomy is the surgery wherein a lobe or a part of 

the lung is resected mainly to treat cancer of the lung (See Figure 3). It is unrelated to 

CABG surgery though performed by thoracic surgeons.  

 

 

Figure 3: Lobectomy / pneumonectomy illustrated 
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Source: From a presentation delivered by Stephen C. Yang, M.D., Chief of Thoracic 

Surgery, Arthur B. and Patricia B. Modell Professor in Thoracic Surgery, The Johns 

Hopkins Medical Institutions at AHRQ on 09/10/08 

 

Lobectomy / pneumonectomy was never a subject matter of public reporting of 

outcomes. The use of difference-in-differences strategy requires a parallel trends 

assumption i.e. outcomes in the treatment and comparison groups would have 

displayed equal trends in the absence of the treatment. Unfortunately, there is no easy 

way to prove or disprove that outcomes would have moved in tandem absent the report 

cards. Hence, I use the third difference. Since lobectomy / pneumonectomy was never 

systematically subjected to public reporting of outcomes, we do not expect CABG 

report cards to have any effect on the outcomes of pneumonectomy. If we find an 

impact of CABG report cards on pneumonectomy, then the impact we find must come 

from the report cards or else from the States going through different time trends on 

factors that affect CABG and don’t affect lobectomy.  

 

Wooldridge (2007) has explained econometric modeling of the difference-in-difference-

in-differences in one of his summer lectures at NBER. I borrow his notations.  

Difference-in-Differences. With repeated cross sections, let A be the control 

group and B the treatment group. Then,  

where y is the outcome of interest. The dummy dB captures possible differences between 

the treatment and control groups prior to the policy change. The dummy d2 captures 

aggregate factors that would cause changes in y even in the absence of a policy change. 

The coefficient of interest is δ1. The difference-in-differences estimate is: 
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Difference-in-Differences-in-Differences. Let dE be a dummy equal to one for 

someone for whom pneumonectomy = 0 and CABG =1. 

 

The coefficient of interest is δ3, the coefficient on the triple interaction term, 

d2*dB*dE.  

The OLS estimate δ3 can be expressed as follows: 

 

where the A subscript means the state not implementing the policy and the N subscript 

represents CABG patients and not the lobectomy or pneumonectomy patients. This is 

the difference-in-differences-in-differences (DDD) estimate.  

 

Using State-Level Data. I carry out the following comparison and compute DDD 

estimator as shown in Table 15 and report the findings in Chapter IV. 

Table 15: DDD Comparisons for State CABG Mortality Analysis Using State-Level 

HCUPnet Data 

 
 CABG Mortality 

 (% ) 

Diff-

in-diff 

Pneumonectomy Mortality 

(% ) 

Diff-

in-diff 

Diff-

in-

diff-

in-diff 

 1990-

1996 

2006-

2011 

diff  1990-

1996 

2006-

2011 

diff   

Policy States (n=5) 

CA, FL, MA, NJ, WA 

         

Non-policy States (n=27) AZ, 

AR, CO, HI, IL, IA, KS, KY, 

ME, MD, MI, MN, MO, NE, 

NV, NH, NC, OK, OR, RI, 

SC, TN, TX, UT, VT, WV, 

and WI 

      

 

There is a rationale behind setting up this design of comparison of states across 

two time cross-sections. 1990-1996 constitutes pre period, and 2006-2011 constitutes 
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post period. No State had a public reporting of any kind on CABG outcomes during 

1990-1996 except New York. New York State began its CABG report card program 

comprising hospital report cards in later part of 1991. I therefore do not include New 

York as a policy State since it had a report card in the defined pre period i.e. 1990-

1996. I compare DD estimate of policy States (NJ, FL, WA, MA and CA) versus 27 

non-policy States across these two time periods i.e. pre (1990-1996) and post (2006-

2011). The problem with this approach is we get means but not the standard errors. 

Hence, I use a regression framework. Difference-in-differences-in-differences (DDD) 

model with State fixed effects are used in pooled cross-sectional data with 1990-1996 

as the pre-intervention period and 2006-2011 as the post-intervention period. 

 

The basic ordinary least square regression (OLS) regression DD model for the 

outcome variable ‘CABG mortality rate in a State’ is: 

Y i t= β0  + β1(t) + γ(D i) + δ(t)(D i) + ε i t………… ……………………. . . . . . . . . . . (1 )  

Where  Y i t  is the dependent variable ‘CABG mortality rate in a State’ observed 

for State i at time t (t=0 for pre period i.e. 1990-1996 and t=1 for post period i.e. 

2006-2011) and Di denotes the implementation of  CABG report card in the State 

and δ denotes the interaction variable or treatment effect of the policy change 

(implementation of the report card).   

To control for a State’s unobserved and time invariant characteristics that may 

influence the outcome variable i.e. CABG mortality in the State, fixed-effects 

regression are employed in stata using State fixed effects. Identifying assumption in 

this model is unobservable factors that might simultaneously affect the LHS and RHS 



56 

 

of the regression are time-invariant. Random effects model is run, and Hausman 

specification test is done. If the test rejects, then random effects is biased and fixed 

effects is the correct estimation procedure. 

 

In order to further account for variation between the implementer and comparison 

states, I deploy DDD estimator in the fixed effects model by including 

lobectomy/pneumonectomy mortality rate available in State level HCUPnet data in the 

treatment and control States. 

 

The ordinary least square regression (OLS) regression DDD model for the 

outcome variable ‘in-hospital mortality rate in a State’ then becomes: 

Y i t= β0  + β1(D i) + β2(E i) + β3  (D i)(E i) + δ0(t) + δ1(t)(D i) + δ2(t)(E i) + 

δ3(t)(D i) (E i) + ε i t……………………………….. . . . . . . . . . (2 )  

Where  Y i t  is the dependent variable ‘in-hospital mortality rate in a State’ 

observed for State i at time t (t=0 for pre period i.e. 1990-1996 and t=1 for post 

period i.e. 2006-2011) and Di denotes the implementation of  CABG report card 

in the State and E i  represents pneumonectomy =0 and CABG = 1, and δ3  

denotes the interaction variable or treatment effect of the policy change 

(implementation of the CABG report card) on CABG mortality.   

State fixed effects are used to control for a State’s unobserved and time invariant 

characteristics that may influence the outcome variable. The model is serially run for 

different types of report cards: State-mandated report card States vs. non report card 

States, and hospital and surgeon report card States vs. non report card States. 
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Using Patient-Level Data. The basic logistic regression DD model for the 

outcome variable ‘died in the hospital’ is: 

Y i t= β0  + β1(t) + γ(D i) + δ(t)(D i) + β2  age + β3  female + β4  dialysis + β5  

acute myocardial infarction + β 6  congestive heart failure + β 7  peripheral 

vascular disease + β 8  ventricular fibrillation + ε i t……………………….. . . . . . . . . . (3 )  

Where  Y i t  is the dependent variable ‘died in the hospital’ observed for patient i at 

time t (t=0 for pre period i.e. 1990-1991 and t=1 for post period i.e. 2008-2009) 

and Di denotes the implementation of  CABG report card in the State and  δ 

denotes the interaction variable or treatment effect of the policy change 

(implementation of the report card).  Covariates are comorbidities and 

demographic dummies used for risk -adjustment.  

To control for a State’s unobserved and time invariant characteristics that may 

influence the outcome variable i.e. CABG mortality, I employ fixed-effects regression 

in stata using State fixed effects. Identifying assumption in this model is unobservable 

factors that might simultaneously affect the LHS and RHS of the regression are time-

invariant. I run random effects model, and do a Hausman specification test. If the test 

rejects, then random effects is biased and fixed effects is the correct estimation 

procedure. 

 

In order to further account for variation between the implementer and comparison 

states, I deploy DDD estimator in the fixed effects model by including 

lobectomy/pneumonectomy patient level data in the treatment and control States. 
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The logistic regression DDD model for the outcome variable ‘died in the hospital’ 

then becomes: 

Y i t= β0  + β1(D i) + β2(E i) + β3  (D i)(E i) + δ0(t) + δ1(t)(D i) + δ2(t)(E i) + 

δ3(t)(D i) (E i) + + β4  age + β5  female + β6  dialysis + β7  acute myocardial 

infarction + β8  congestive heart failure + β 9  peripheral vascular disease 

+ β1 0  ventricular fibrillation + ε i t… …………………….. . . (4 )  

Where  Y i t  is the dependent variable ‘died in the hospital’ observed for patient i at 

time t (t=0 for pre period i.e. 1990-1991 and t=1 for post period i.e. 2008-2009) 

and Di denotes the implementation of  CABG report card in the State and E i  

represents a patient who has undergone CABG and not 

pneumonectomy and  δ3  denotes the interaction variable or treatment effect of 

the policy change (implementation of the CABG report card) on CABG mortality.  

Covariates are comorbidities and demographic dummies used for risk -

adjustment.  

Once again State fixed effects are used to control for a State’s unobserved and time 

invariant characteristics that may influence the outcome variable i.e. CABG mortality. 

For sensitivity analysis, analysis of pre-intervention trend is not possible because data 

are not available for the years before 1990. The model is serially run for different types 

of report cards: State-mandated report card States vs. non report card States, and hospital 

and surgeon report card States vs. non report card States. 
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Construction of a Simulated Performance Rating  

I construct a simulated risk-adjusted CABG mortality report card in this study. 

The simulated report card rating needs to be constructed in data for two reasons. Firstly, I 

propose to carry out provider volume and market share analysis by category of provider 

i.e. low mortality provider, average mortality provider and high mortality provider. To do 

this, I need to rate the providers. The simulated report card rating is done following a 

methodology similar to report card States. Secondly, the HCUP data contain encrypted 

surgeon ID and do not allow me to identify a surgeon and link him/her to the real world 

report cards published by New York or New Jersey or Florida or Washington which are 

my treatment States in the market share and volume analysis. Because of encrypted 

surgeon IDs, I am not able to link simulated report card to the real life surgeons.  

 

The report card States broadly follow a similar methodology in constructing their 

report cards with State specific differences and also differences in these States across 

time. Risk adjustment variables change slightly from year to year or State to State.  How 

the States depict the rating on the report card can be different. A State may indicate risk 

adjusted mortality rate with confidence intervals, or may just give a rating such as same 

as State average, better than State average, or worse than State average. Nuances may be 

different but methodology at its core is the same. The general form of a logistic 

regression model for estimating the “logit” of the probability of dying (p), denoted by , 

used by New Jersey Department of Health is as follows: 
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i = 1,2,……,n; k = 0,1,2,……..,K, 

 = logistic regression coefficient for risk factor  

K = number of risk factors in the model, 

N = number of patients, 

 = random error term i. 

 

The predicted probability of dying for patient i is given as follows: 

 
 +  

 

The observed CABG surgery mortality rate for a hospital or surgeon is estimated 

as the number of CABG surgery patients who died in the hospital during or after surgery, 

divided by the total number of patients who underwent the CABG surgery. It does not 

account for how sick the patients were before surgery. The risk adjustment method is a 

statistical approach that uses results of a logistic regression analysis to assess the average 

risk of an isolated CABG surgery for a patient. Key elements of the health histories of 

patients, who have undergone isolated CABG surgery in the same period, as well as their 

socio-demographic characteristics, are taken into account to estimate the expected 

outcome of an isolated CABG surgery (New Jersey DOH, 2011). 

 

The observed patient mortality is divided by the expected mortality. If the 

resulting ratio is larger than one, the hospital or surgeon has a higher patient mortality 

than expected on the basis of their patient mix. If the ratio is less than one, the hospital or 

surgeon has a lower mortality than expected, based on their patient mix. The ratio is then 

multiplied by the statewide patient mortality rate to produce the risk-adjusted patient 

mortality rate for the hospital or the surgeon. 95% confidence intervals are calculated as 

follows (New Jersey DOH, 2011): 
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Where LCL= Lower confidence level, UCL= upper confidence level, D = Observed 

mortality, and E = Predicted or Expected mortality, S = Statewide rate. 

Source: Liddell, F. D. K., Simple Exact Analysis of the Standardized Mortality Ratio. 

Journal of Epidemiology and Community Health, 1984, 38, 85-88. 

 

 

The HCUP State inpatient data do not give any information on severity of the 

disease which comes from clinical examination or laboratory test results. Instead they 

give information on patient co-morbidities and patient demographics. I prepare a list of 

preoperative risk factors used by different editions of the report cards of all the five report 

card States, compare and contrast this list and then use the common risk factors in my 

risk adjustment model. A list of potential preoperative risk factors that I include is: age, 

female, peripheral vascular disease (PVD), kidney dialysis, acute myocardial infarction 

(AMI), congestive heart failure (CHF), and ventricular fibrillation (VFIB). I test ran my 

data on three states (NJ, MD, and AZ) and four years for every one of these three states 

using the risk factors in a regression model of in-hospital mortality. This gave broadly 

similar results in the test runs. In-hospital mortality for CABG patients was modeled 

using probit regression in these test runs. Table 14 displays the means and standard errors 
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of the variables in the model. The results of the probit estimation are also shown in the 

Table 16. The C-statistic, a measure of model discrimination, is 0.819.  

Table 16: Probit Model of CABG Risk Adjustment 

Analysis of Maximum Likelihood Estimates 

Parameter Estimate Standard 

Error 

Wald 

Chi-Square 

Pr > ChiSq 

Intercept -2.5271 0.0779 1052.2375 <.0001 

Age > 55 years 0.0321 0.00362 78.8799 <.0001 

Nonwhite 0.3936 0.0681 33.3569 <.0001 

Female 0.2127 0.0605 12.3683 0.0004 

Emergency admission 0.0721 0.0641 1.2653 0.2607 

Diabetes Mellitus (DM) -0.1570 0.0714 4.8367 0.0279 

Hypertension (HT) -0.3031 0.0605 25.0897 <.0001 

Peripheral Vascular Disease (PVD) 0.4651 0.1055 19.4500 <.0001 

Dialysis 1.1272 0.1444 60.9469 <.0001 

Acute Myocardial Infarction (AMI) 0.2869 0.0607 22.3383 <.0001 

Congestive Heart Failure (CHF) 0.2888 0.0652 19.6172 <.0001 

Ventricular fibrillation (VFIB) 1.3685 0.0996 188.9452 <.0001 

 

Emergency admission status does not turn out to be statistically significant in 

determining probability of death of a CABG patient. Diabetes and hypertension have 

negative signs and appear as if they are protective. We know they are not and we know 

they are very well established risk factors for coronary heart disease. For this reason, I 

will not retain them in the risk adjustment model.  

 

During the test runs, predicted patient mortality was aggregated to the provider 

level and compared to the State average to identify statistical outliers. A standardized 

mortality ratio was calculated for each hospital and each surgeon with at least 30 CABG 

patients in the test data set as the ratio of the sum of actual deaths to the sum of the 

predicted deaths for that provider's caseload. These were transformed into risk-adjusted 

mortality rates by multiplying by the State-wide crude mortality rate, and z-scores were 
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computed to test for equality with the State-wide average. The report card was then 

constructed based on whether the provider’s risk adjusted mortality was statistically same 

as, higher than, or lower than the State average (Shwartz et al., 1997, p. 488 as cited in 

Epstein, 2010).    

 

New York State CABG report card (2006-2008) uses age (number of years 

greater than 55), female gender, body surface area, body surface area – squared, unstable 

hemodynamic state, ventricular function as measured by ejection fraction, previous 

myocardial infarction within 7 days, comorbidities including COPD, extensive aortic 

atherosclerosis, peripheral vascular disease, renal failure, and previous open heart 

operations as risk factors in their risk-adjustment model (see Appendix B). Body surface 

area (BSA) is a function of height and weight and is a proxy for vessel size. Since larger 

vessels are easier to work with, larger BSA is associated with decreased likelihood of 

mortality. This model includes terms for both BSA and BSA
2
 , reflecting the fact that for 

these patients, the lowest and highest body surface areas were related to higher mortality, 

all other risk factors remaining the same.  

 

Out of all these, I do not have height and therefore body surface area, 

hemodynamic state, ventricular ejection fraction, previous myocardial infarction within 7 

days, and previous open heart operations as risk factors because these clinical variables 

are not available in the HCUP data I use. Nevertheless, the C Statistic in New York risk 

adjustment model is 0.806 whereas C Statistic in this study is 0.819 i.e. not much 

different from the NY State CABG risk adjustment model. It appears I am able to make 
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up for unavailability of a set of clinical variables (body surface area, body surface area – 

squared, unstable hemodynamic state, ventricular ejection fraction, previous myocardial 

infarction, and previous open heart operations) with the other comorbidities available in 

data e.g. peripheral vascular disease (PVD), kidney dialysis, acute myocardial infarction 

(AMI), congestive heart failure (CHF), and ventricular fibrillation (VFIB). 

 

 

Impact on Market Share and Volume by Performance Category 

I use the difference-in-differences (DD) model for estimating the impact of 

CABG report cards on average overall volume of a hospital or a surgeon. Similarly, I 

use difference-in-differences (DD) to estimate the impact of CABG report cards on 

market share and volume of an average, better than average, or worse than average 

performing surgeon or a hospital. I examine HCUP State inpatient data of NY, NJ, FL, 

WA, MD and AZ during 1990, 1991, 2006, 2007, 2008 and 2009 for this purpose. 

Years 1990 and 1991 constitute pre period and years 2006, 2007, 2008 and 2009 

constitute post period. Hospital fixed effects are used for removing the time-invariant 

unobserved heterogeneity so that fixed effects help identify the causal impact of report 

card on volumes. I use the number of CABG procedures performed in a hospital or by 

a surgeon in a year as the dependent variable for estimation of the impact of report 

cards on surgeon-level volume and on hospital-level volume. 

 

HCUP encrypted surgeon IDs change across years and I am not able to track a 

surgeon across the years in these States. Hence, my analysis is based on average, low 
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and high mortality hospitals or surgeons as a category rather than individual hospital 

or a surgeon. I use categories based on number of complicated open heart surgeries 

such as valve surgeries as a proxy for bed size and teaching status of a hospital, and 

also as a proxy for experience of a surgeon.  I report the results in terms of CABG 

volume gained or lost on average by a hospital or a surgeon per year in policy States 

(report card States), and non-policy States (States with no public reporting of CABG 

outcomes at all). I also report the results in terms of CABG market share and volume 

gained or lost on average by three performance categories of hospitals and surgeons. 

 

Hospitals. The basic ordinary least square regression DD model for the outcome 

variable ‘annual hospital volume’ is: 

Y j t= β0  + β1(t) + γ(D j) + δ(t)(D j) + ε i t………… ……………………. . . . . . . . . . . ( 5 )  

Where  Y j t  is the dependent variable ‘annual hospital volume’ observed for 

hospital j at time t (t=0 for pre period i.e. 1990-1991 and t=1 for post period i.e. 

2006-2009) and Dj denotes the implementation of  CABG report card in the State 

where the hospital is located and δ denotes the interaction variable or treatment 

effect of the policy change (implementation of the report card).   

I estimate the basic model and then extend it. In the extended model, the covariates are 

low mortality hospital flag in the year of hospital admission, high mortality hospital 

flag in the year of hospital admission, unrated hospital flag, and number of valve 

surgeries performed in the hospital as a proxy for bed size and teaching status of the 

hospital. Average mortality hospital is the referent category in this analysis. I also 
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include an interaction of low mortality hospital with the post period. The extended 

model is as follows:  

 Y j t= β0  + β1(t) + γ(D j) + δ(t)(D j) + β2  low mortality hospital  flag  + β3  

high mortality hospital flag + β4  unrated hospital f lag + β5  (low mortality 

hospital f lag X Post) + β6  number of valve surgeries  + 

ε i t ……………………………….. . . . . . . . . . (6 )  

Where  the covariates are low mortality hospital flag in the year of hospital 

admission, high mortality hospital flag in the year of hospital admission, unrated 

hospital flag, number of valve surgeries performed in the hospital, and interaction 

of low mortality hospital with the post period.  

 

To control for a State’s and hospital’s unobserved and time invariant 

characteristics that may influence the outcome variable i.e. CABG mortality, I employ 

fixed-effects regression using hospital fixed effects. Identifying assumption in this 

model is unobservable factors that might simultaneously affect the LHS and RHS of 

the regression are time-invariant.  

 

Y j t= β0  + β1(t) + γ(D j) + δ(t)(D j) + β2  low mortality hospital  flag  + β3  

high mortality hospital flag + β4  unrated hospital f lag + β5  (low mortality 

hospital f lag X Post) + β6  number of valve surgeries   + 

ε i t ……………….. . . . . . . . . (7 )  

Where is a vector of time fixed effects, and  is a vector of hospital fixed effects. 
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Surgeons. The basic ordinary least square regression DD model for the outcome 

variable ‘annual surgeon volume’ is:  

Y k t= β0  + β1(t) + γ(D k) + δ(t)(Dk) + ε i t……………….. . . . . ( 8 )  

Where  Y k t  is the dependent variable ‘annual surgeon volume’ observed for 

surgeon k at time t (t=0 for pre period i.e. 1990-1991 and t=1 for post period i.e. 

2006-2009) and Dk denotes the implementation of  CABG report card in the State 

where the surgeon is located and δ denotes the interaction variable or treatment 

effect of the policy change (implementation of the report card).   

 

I estimate the basic model and then extend it. In the extended model, the 

covariates are low mortality surgeon flag in the year of hospital admission, high 

mortality surgeon flag in the year of hospital admission, unrated surgeon flag, and 

number of valve surgeries performed by the surgeon as a proxy for years of experience 

of the surgeon. Average mortality surgeon is the referent category in this analysis. I 

also include an interaction of low and high mortality surgeons, and unrated surgeons 

with the post period. The extended model is as follows:  

 

 Y k t= β0  + β1(t) + γ(Dk) + δ(t)(D k) + β2  low mortality surgeon flag  + β3  

high mortality surgeon flag + β4  unrated surgeon flag + β5  (low mortality 

surgeon flag X Post) + β6  (high mortality surgeon flag X Post) + β7  

(unrated surgeon flag X Post) + β8  number of valve surgeries + 

ε i t ……………………………….. . . . . . . . . . (9 )  
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Where  covariates are low mortality surgeon flag in the year of hospital 

admission, high mortality surgeon flag in the year of hospital admission, unrated 

surgeon flag, interactions of low and high mortality surgeons and unrated 

surgeon flags with the post period, and number of valve surgeries performed by 

the surgeon. 

 

To control for a State’s unobserved and time invariant characteristics that may 

influence the outcome variable i.e. CABG mortality, I employ fixed-effects regression 

using State fixed effects. Identifying assumption in this model is unobservable factors 

that might simultaneously affect the LHS and RHS of the regression are time-

invariant.  

 

Y k t= β0  + β1(t) + γ(Dk) + δ(t)(Dk) + β2  low mortality surgeon flag  + β3  

high mortality surgeon flag + β4  unrated surgeon flag + β5  (low mortality 

surgeon flag X Post) + β6  (high mortality surgeon flag X Post) + β7  

(unrated surgeon flag X Post) + β8  number of valve surgeries   + 

ε i t ……………………………….. . . . . . . . (1 0 )  

Where is a vector of time fixed effects, and  is a vector of hospital fixed effects.  

 

Equation 5-10 is used for estimating the impact of CABG report cards on a provider 

volume. Similarly, basic difference-in-differences model is used to assess the impact 

of CABG report cards on a provider volume and market share by performance 

category such as better performing, worse performing and average. 
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Chapter 4: Results 
 

I evaluate the causal effect of report cards using a difference-in-difference-in-

differences strategy. If report card publication caused changes in CABG mortality, 

then we would expect to find the pre-post difference to be larger in report card States 

as compared to control states. I use distinct pre- and post-time periods and many 

distinct States to reduce the bias. Through the analysis, I answer the following 

questions: 

 

1) Do CABG report cards lead to reduction in CABG mortality in a State?  

2) Does this impact vary in a State where report card and public reporting is State-

mandated from that in a State where public reporting is a voluntary initiative of 

the providers?  

3) Do hospital only report cards differ from both hospital and surgeon report cards 

in their impact on CABG mortality?     

4) Do the CABG report cards lead to increase in CABG volume and market share 

of a better-performing hospital and a better-performing surgeon?  

 

Use of DD and DDD allows me to isolate the causal impact of CABG report cards 

on CABG mortality, especially from the nation-wide trend of quality improvement 

because of STS benchmarking and other reasons.     
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Mortality Analysis 

 
 

Figure 4: CABG versus in-hospital PCI number of procedures performed nationwide in 

the United States 

 

 
 

Figure 5: Nationwide percent in-hospital mortality in the US 

 

Data Source for Figures 4 and 5: Weighted national estimates from HCUP Nationwide 

Inpatient Sample (NIS), Agency for Healthcare Research and Quality (AHRQ), based on 

data collected by individual States and provided to AHRQ by the States.  

 

 

CABG 

In-hospital 

PCI 

CABG 

In-hospital PCI 
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The number of CABG procedures performed nationwide increased up to 1997 and 

started declining since then (Figure 4 and Table 17). Percutaneous coronary interventions 

(PCI) had emerged as a substitute to CABG at least in certain types of coronary artery 

blocks, for example, in non-emergent multi-vessel disease. In-hospital PCIs increased in 

volume till 2006 and there has been a steep decline in the number of in-hospital PCIs 

since then. Many PCIs moved to outpatient setting during this time. CABG surgery is 

facing a declining market in part because of ascendancy of PCI. 

Table 17: CABG and In-Hospital PCI (Number Performed Nationwide and Mortality) 

 

Year No. of 

CABGs 

performed 

CABG  

in-hospital mortality 

No. of In-

hospital 

PCIs 

performed 

PCI  

in-hospital mortality 

1993 310,121 3.33% 375,159 1.05% 

1994 316,787 3.44% 406,719 0.99% 

1995 349,669 3.22% 456,458 1.11% 

1996 363,538 3.03% 473,851 1.00% 

1997 378,595 2.88% 524,835 0.95% 

1998 346,127 2.95% 504,611 1.01% 

1999 323,753 2.84% 501,510 0.98% 

2000 349,967 2.69% 601,832 0.89% 

2001 344,210 2.43% 701,981 0.86% 

2002 316,471 2.30% 692,621 0.81% 

2003 291,095 2.21% 675,673 0.74% 

2004 255,609 2.13% 720,927 0.75% 

2005 227,774 2.15% 749,577 0.76% 

2006 245,231 1.94% 828,319 0.71% 

2007 198,669 1.95% 668,036 0.80% 

2008 207,495 1.98% 700,425 0.87% 

2009 209,382 1.75% 638,118 0.95% 

2010 173,074 1.52% 511,125 1.08% 

Data Source: Weighted national estimates from HCUP Nationwide Inpatient Sample 

(NIS), Agency for Healthcare Research and Quality (AHRQ), based on data collected by 

individual States and provided to AHRQ by the States.  
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The average in-hospital mortality of CABG has steadily and steeply declined in 

the past two decades (Figure 5) whereas the in-hospital mortality associated with PCI has 

almost remained the same i.e. around 1%. 

 

CABG versus other complex surgeries 

The in-hospital mortality rates for various complex surgical procedures have been 

decreasing in the past two decades. The declines in CABG in-hospital mortality rates can 

be compared to in-hospital mortality rates of similarly complex procedures.  Figure 6 

below clearly illustrates this decreasing trend. Using AHRQ's H-CUP Nationwide 

Inpatient Sample and AHRQ quality indicator data, I have plotted the mortality per 

thousand procedures of esophageal resection, pancreatic resection, craniotomy 

procedure and abdominal aorta aneurysm repair. These procedures were and are still 

known for high in-hospital mortality rates. These were never a subject of public 

reporting; nevertheless they show a strong decreasing trend in respect of their in-hospital 

mortality rates. Of these procedures, esophageal resection is performed by thoracic 

surgeons who specialize in this procedure. Pancreatic resection, craniotomy and 

abdominal aneurysm aorta repair are also performed by surgeons who are highly 

specialized in the respective procedures. Neither the surgeons nor the hospitals were a 

subject of public reporting of the surgery outcomes in respect of these four procedures or 

surgeries.  
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Esophageal resection for cancer       Pancreatic resection  

 
Craniotomy        Abdominal aorta aneurysm repair  

 
Figure 6: Deaths per 1,000 hospital admissions for complex surgical procedures in the United States 
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Data Source: Agency for Healthcare Research and Quality (AHRQ), Center for Delivery, 

Organization, and Markets, Healthcare Cost and Utilization Project, Nationwide Inpatient 

Sample and AHRQ Quality Indicators, modified version of 4.1. Rates are adjusted by 

age, Major Diagnostic Category (MDC), and All Patient Refined-Diagnosis Related 

Group (APR-DRG) risk of mortality score.  

 

When the average rate of reduction in mortality for these four procedures is 

compared with that of CABG, I find that CABG shows 17% steeper decline in the in-

hospital mortality rate during the past two decades (Figure 7). A question then arises 

whether the steeper decline in CABG mortality rate is due to public reporting of quality 

that has happened in the past two decades in 7 of the 50 States of the United States or any 

quality improvements specific to CABG.  In recent years, eight more States have adopted 

public reporting of CABG mortality rate.   

 
 

Figure 7: Deaths per 1,000 hospital admissions for CABG in the US 

Data Source: Agency for Healthcare Research and Quality (AHRQ), Center for Delivery, 

Organization, and Markets, Healthcare Cost and Utilization Project, Nationwide Inpatient 

Sample and AHRQ Quality Indicators, modified version of 4.1. Rates are adjusted by 

age, Major Diagnostic Category (MDC), and All Patient Refined-Diagnosis Related 

Group (APR-DRG) risk of mortality score.  
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CABG versus Pneumonectomy 

Pneumonectomy or lung resection offers an interesting comparison to CABG. 

Both the surgeries are performed by thoracic surgeons, one set specializing in 

cardiovascular surgeries and another in lung and mediastenal surgeries. See Figure 8 and 

Table 18 below of CABG deaths per one thousand hospital admissions versus 

pneumonectomy deaths per thousand hospital admissions, plotted using weighted 

national estimates from H-CUP Nationwide Inpatient Sample for the years 1993-2010. 

Both the procedures are seen to have shown substantial improvement in the in-hospital 

mortality rates. However, slopes of two lines are statistically significantly different (t 

statistic = -11.55 and p-value <0.0001). CABG shows a steeper (30% more) and a 

steadier improvement when compared to pneumonectomy in terms of in-hospital 

mortality (Figure 8). The question of interest again is whether the difference in 

improvements in the mortality rates of these two procedures can be attributed to any 

quality improvements specific to CABG, or report cards since pneumonectomy was never 

a subject of public reporting in any of the States in the US and CABG has been a subject 

matter of public reporting in 7 out of 50 States in the past two decades.  
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Figure 8: CABG versus pneumonectomy (deaths per 1,000 hospital admissions 

nationwide in the United States)   

 

Table 18: CABG and Pneumonectomy, Number Performed Nationwide and Mortality 

 

Year No. of CABGs 

performed 

CABG mortality No. of 

Pneumonectomies 

Pneumonectomy 

mortality 

1993 310,121 3.33% 60,070 3.50% 

1994 316,787 3.44% 58,602 3.65% 

1995 349,669 3.22% 64,176 3.79% 

1996 363,538 3.03% 63,114 3.21% 

1997 378,595 2.88% 63,835 3.53% 

1998 346,127 2.95% 62,193 3.15% 

1999 323,753 2.84% 62,460 3.15% 

2000 349,967 2.69% 63,212 2.86% 

2001 344,210 2.43% 65,691 2.84% 

2002 316,471 2.30% 67,481 2.89% 

2003 291,095 2.21% 63,892 2.48% 

2004 255,609 2.13% 65,256 2.85% 

2005 227,774 2.15% 75,037 2.63% 

2006 245,231 1.94% 72,559 2.83% 

2007 198,669 1.95% 81,524 2.48% 

2008 207,495 1.98% 85,260 2.50% 

2009 209,382 1.75% 83,142 2.35% 

2010 173,074 1.52% 84,629 2.18% 

 

Pneumonectomy 

CABG 
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Data Source: Weighted national estimates from HCUP Nationwide Inpatient Sample 

(NIS), Agency for Healthcare Research and Quality (AHRQ), based on data collected by 

individual States and provided to AHRQ by the States.  

 

Analysis using State-Level Data 

Descriptive statistics. In-hospital mortality rates for both CABG and 

pneumonectomy are falling in the policy as well as non-policy States. See Table 19 and 

Figure 9 which cover a period of 22 years from 1990 to 2011. Though on average the 

CABG mortality rates in the policy States seem lower than that in non-policy States in 

Figure 9 and the difference between the two seems to be narrowing with time in the 

difference column of Table 19, there is no statistical difference between them as seen 

from the t-test results in Table 19 except in the year 2009 which could be a mere 1 in 20 

chance and not a systematic difference. Similarly, on average the pneumonectomy 

mortality rates in the policy States seem lower than that in non-policy States; there is no 

statistical difference between them in any year except in 1997 when a statistical 

difference at 90% confidence level is noted between pneumonectomy mortality rates in 

policy States versus that in non-policy States.     
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Table 19: CABG and Pneumonectomy - Comparison of Mean In-Hospital Mortality Rates 

(ihmr) in the Policy and Non-Policy States 

 
CABG as a principal procedure Pneumonectomy as a principal procedure 

Year 

Policy 

states 

Non-policy 

states 

diff 

in 

ihmr 

t- 

stat 

p- 

value 

Policy 

states 

Non-policy 

states 

diff 

in 

ihmr 

t- 

stat 

p- 

value 
N ihmr N ihmr N ihmr N ihmr 

1990 4 3.66 4 4.51 0.85 1.50 0.184 4 4.40 4 4.54 0.13 0.19 0.856 

1991 4 3.92 4 4.06 0.14 0.37 0.723 4 4.12 4 4.44 0.31 0.83 0.439 

1992 2 4.54 2 4.00 -0.54 -0.59 0.616 2 4.51 2 4.33 -0.18 -0.83 0.495 

1993 2 3.81 2 3.51 -0.31 -0.43 0.703 2 4.36 2 3.83 -0.53 -1.83 0.209 

1994 2 3.49 2 4.24 0.75 1.07 0.396 2 4.39 2 3.77 -0.62 -0.61 0.601 

1995 2 3.60 2 3.55 -0.05 -0.1 0.928 2 4.18 2 4.30 0.13 0.38 0.740 

1996 2 3.41 2 3.71 0.30 0.58 0.622 2 3.66 2 4.10 0.44 0.83 0.496 

1997 6 2.88 8 3.34 0.46 1.38 0.193 6 3.20 6 3.89 0.69 2.22 0.051* 

1998 6 2.66 8 2.99 0.33 0.79 0.445 6 3.23 6 3.60 0.37 0.58 0.574 

1999 6 2.69 8 3.26 0.57 1.68 0.119 6 2.89 6 3.73 0.84 2.40 0.307 

2000 6 2.61 9 2.66 0.05 0.17 0.866 6 2.79 7 3.26 0.48 0.89 0.395 

2001 6 2.38 19 2.51 0.14 0.47 0.639 6 2.95 15 3.03 0.09 0.22 0.826 

2002 6 2.32 21 2.54 0.22 0.66 0.512 6 2.92 16 3.00 0.08 0.20 0.842 

2003 6 2.12 21 2.26 0.14 0.47 0.642 6 2.86 15 2.79 -0.07 -0.18 0.859 

2004 6 2.12 21 2.28 0.16 0.51 0.612 6 2.64 16 2.75 0.11 0.30 0.765 

2005 6 2.15 23 2.51 0.36 1.07 0.294 6 2.58 19 2.97 0.39 1.05 0.304 

2006 6 1.87 23 2.24 0.37 1.21 0.237 6 2.50 17 2.98 0.48 0.97 0.345 

2007 6 1.83 23 2.08 0.25 0.95 0.351 6 2.55 19 2.80 0.25 0.74 0.467 

2008 6 1.74 20 1.94 0.20 0.81 0.428 6 2.43 15 2.81 0.38 1.18 0.251 

2009 6 1.49 20 2.03 0.54 2.20 0.038** 6 2.32 20 2.69 0.37 1.11 0.279 

2010 6 1.52 17 1.76 0.24 1.08 0.294 6 2.14 16 2.56 0.42 1.13 0.270 

2011 3 1.52 6 1.66 0.14 0.51 0.626 3 2.25 6 2.55 0.30 0.65 0.535 

1. **P < 0.05, *P < 0.1. 

2. N stands for the number of States. 

3. ihmr stands for in-hospital mortality rate. 

4. t-stat stands for t-statistic obtained on conducting t-test for assessing whether the mean 

mortality rates of a procedure in policy and non-policy States are statistically different 

from each other. 

5. The principal procedure is the procedure that was performed for definitive treatment 

rather than one performed for diagnostic or exploratory purposes, or the procedure that 

was necessary to take care of a complication.  

6. Data source: State statistics from HCUP State Inpatient Databases.  Agency for 

Healthcare Research and Quality (AHRQ), based on data collected by the States and 

provided to AHRQ.  
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Figure 9: CABG and pneumonectomy - comparison of mean in-hospital mortality rates in 

the policy and non-policy States 

 

 

The main research question in this study is whether the CABG report card policy 

has resulted in significantly higher reduction in in-hospital CABG mortality rates in 

policy States as opposed to non-policy States. Results of DDD estimates based on mean 

mortality rates in the States are given in Table 20, and DDD estimates based on pooled 

cross-sectional analysis of CABG and pneumonectomy mortality rates across time are 

given in Table 21. Thirty-two States for which data is available on HCUPnet have been 

studied.
2
 The pre period in this analysis is 1990 to 1996 (variable Post = 0) and the post 

                                                 
2
 California, Florida, Massachusetts, New Jersey, and Washington are report card States 

while  Arizona, Arkansas, Colorado, Hawaii, Illinois, Iowa, Kansas, Kentucky, Maine, 



80 

 

period is 2006 to 2011 (variable Post = 1). Unit of analysis is a State-year. Policy is a 

dummy variable and takes a value of 1 if policy was implemented in a particular State in 

any of the years during 1990-2011, and 0 otherwise. In-hospital mortality rate is a 

dependent variable and only two categories of patients are covered in this analysis: 

CABG in-patients, and pneumonectomy in-patients. Variable CABG takes the value of 1 

if the in-hospital mortality rate is in respect of CABG and 0 otherwise (if the in-hospital 

mortality rate is in respect of pneumonectomy).  

 

Before presenting DDD estimates from various regression frameworks, I present 

the DDD estimates using mean mortality rates (Table 20 and Figure 10). There is a 

secular decreasing trend in the in-hospital CABG and pneumonectomy mortality rates. 

The DD estimate isolates the report card effect. During the comparison period (1990-

2011), policy States reduced their CABG mortality by 1.88 percentage points whereas 

non-policy States reduced it by 2 percentage points.  Thus, it would appear that non-

policy States performed better than policy States in terms of in-hospital mortality. The 

pneumonectomy mortality rate in policy States decreased by 1.60 percentage points 

whereas in non-policy States, it decreased by 1.50 percentage points. The difference-in-

differences-in-differences (DDD) is -0.22 percentage points. The report card policy States 

seem to have performed worse by 0.22 percentage points in terms of CABG mortality 

rate because of report card policy.  

                                                                                                                                                 

Maryland, Michigan, Minnesota, Missouri, Nebraska, Nevada, New Hampshire, North 

Carolina, Oklahoma, Oregon, Rhode Island, South Carolina, Tennessee, Texas, Utah, 

Vermont, West Virginia, and Wisconsin are non-report card States in this analysis of 

State-level data. I do not include New York as a policy State because it had published 

report during much of the pre period (1990-1996). 
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Table 20: Difference-in-Differences-in-Differences (DDD) Using Mean Mortality Rates 

 CABG Mortality%  Diff-

in-

diff 

Pneumonectomy 

Mortality %  

Diff-

in-

diff 

Diff-

in-

diff-

in-

diff 

 1990-

1996 

2006-

2011 

diff  1990-

1996 

2006-

2011 

diff   

Policy States (n=5) 

CA, FL, MA, NJ, & WA 

3.55 1.67 1.88 0.29 3.98 2.38 1.60 0.10 -0.22 

Non-policy States (n=27) 4.01 2.01 2.00 4.25 2.75 1.50 

Number of patients 

1990-96 

2006-11 

 

299,629 

629,763 

  

 65,950 

261,332 

  

 

 
 

Figure 10: Mean CABG and pneumonectomy in-hospital mortality rates in pre (1990-

1996) and post (2006-2011) period 

 

As seen in the Figure 10, there is a secular decreasing trend in the in-hospital 

CABG and pneumonectomy mortality (all the lines are sloping downwards). The DD 

estimator isolates the report card effect. During the comparison period, policy States 

reduced their CABG mortality by 1.88 percentage point whereas non policy States 

reduced it by 2 percentage point (the line showing CABG mortality in non-policy States 

is steeper than the line showing CABG mortality in policy States when we expect this to 
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be the other way round if the report cards were having impact).  The pneumonectomy / 

lobectomy mortality decreased in both the policy States and non-policy States almost in 

parallel (the two lines are almost parallel).  On calculating difference-in-difference-in-

differences (DDD), the DDD estimator is -0.22 percentage points. Thus, the lack of 

report card effect becomes clearly evident when I use the DDD estimator.  

 

Now we turn to DD and DDD estimates using various regression frameworks 

(Table 21). DD model allows for a difference between policy States and non-policy 

States at baseline (i.e. coefficient on the Policy variable), and linear changes in the in-

hospital mortality over time in non-policy States (the coefficient on the Post variable) and 

linear changes in the in-hospital mortality over time in policy States. DD estimate, the 

difference in the rate of improvement between two groups of States, can be viewed as the 

policy effect. We do not see any policy effect in the DD model. The coefficient on Policy 

X Post (DD) variable is not statistically significant. There was no statistically significant 

difference in terms of inpatient CABG mortality at the baseline between the policy and 

non-policy States.  There is a very strong secular and statistically as well as clinically 

significant trend of reduction in in-hospital mortality rate. The in-hospital CABG 

mortality rate in the post period is 2.01 percentage point lower than that in the pre period 

even in the non-policy States.  

 

In DDD model, we see slightly attenuated but still very strong and also 

statistically significant secular trend of decrease in in-patient mortality rates. There is no 

baseline difference in the policy and non-policy States. Similarly, secular trend of 
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decrease is also slightly attenuated but remains strong and statistically as well as 

clinically significant. CABG mortality rate is similar to pneumonectomy mortality rate on 

average. Most importantly, like in DD model, we do not see any policy impact of the 

CABG Report cards on the CABG in-hospital mortality rates in the DDD model. The 

OLS standard errors are invalid because they ignore the serial correlation in the 

composite errors. To mitigate this limitation, I report robust standard errors and also 

report FGLS and GMM results. 

 

Table 21: CABG Report Card Policy: DD, DDD, DDD + Fixed Effects, DDD + Random 

Effects Using State-Level Data 

 

Independent variables 

Y=  In-hospital mortality rate 

Pre Period: 1990 to 1996 and Post Period: 2006 to 2011 

DD DDD DDD +  State  

Fixed Effects 

DDD + State 

Random 

Effects 

Policy X Post X CABG 

(DDD) 

 0.21 

(0.36) 

0.27 

(0.34) 

0.26 

(0.54) 

Policy X Post 

(DD) 

-0.12 

(0.24) 

-0.33 

(0.27) 

0.15 

(0.25) 

0.07 

(0.31) 

Policy -0.17 

(0.22) 

-0.02 

(0.21) 

-0.34 

(0.28) 

-0.44 

(0.36) 

Post 

(Post =1 when Pre = 0) 

-2.01*** 

(0.15) 

-1.50*** 

(0.18) 

-1.70*** 

(0.19) 

-1.66*** 

(0.24) 

CABG 

(CABG =1 when 

Pneumonectomy = 0) 

 -0.24 

(0.21) 

-0.24 

(0.23) 

-0.24 

(0.42) 

CABG X Policy  -0.20 

(0.31) 

-0.20 

(0.31) 

-0.20 

(0.43) 

CABG X Post  -0.51** 

(0.24) 

-0.57** 

(0.24) 

-0.55 

(0.45) 

Constant 4.01*** 

(0.14) 

4.25*** 

(0.16) 

4.27*** 

(0.20) 

4.45*** 

(0.23) 

Observations  

States 

State years (N) 

CABG in-patients 

Pneumonectomy in-

patients 

 

         32 

       171 

929,392       

           0 

 

         32 

       171 

929,392       

327,282 

 

         32 

       171 

929,392       

327,282 

 

         32 

       171 

929,392       

327,282 
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R
2 

0.66 0.60 0.75 0.59 

Test of the exogeneity assumption, Hausman Test   

Ho:  difference in coefficients not systematic chi
2
(5) = 7.90 Prob>chi

2
 = 0.0481 

1) Robust standard errors in parentheses. 

2) ***  P < 0.01, **  P < 0.05, *  P < 0.1.   

3) DD is difference-in-differences. 

4) DDD is difference-in-differences-in-differences. 

 

Fixed-effects regression controls for a State’s unobserved and time invariant 

characteristics that may influence the outcome variable. Fixed effects are used for 

removing the time-invariant unobserved heterogeneity. Fixed effects help identify the 

causal impact of report card on mortality in this analysis. Random effects estimator is 

attractive when we think the unobserved effect is uncorrelated with all the explanatory 

variables. On adding fixed effects or random effects to the basic DDD model, the result 

does not change. We expect fixed effects and random effects to yield broadly similar 

result in this case because T is large. As T gets large, random effects and fixed effects are 

very similar. The policy shows no impact on the CABG in-hospital mortality rate.  The 

coefficient on Policy X Post X CABG (DDD) variable is not statistically significant. On 

carrying out the test of the exogeneity assumption i.e. Hausman Test, I narrowly reject 

the test and this is in favor of the fixed effects model. The main result as described is 

similar in the fixed effect and random effect models. The conclusion is the report card 

policy shows no impact on in-hospital CABG mortality rate when seen in a long term 

perspective of two decades. 

 

On formally testing the heteroskedasticity using Stata’s post-estimation command, the 

p-value for the coefficients on Policy, Post and Policy X Post is > 0.05 (Table 22) and 

hence we conclude that there is no heteroskedasticity due to these three variables 
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considered individually. For the remaining variables i.e. CABG, CABG X Policy, CABG 

X Post, and Policy X Post X CABG, the p-value for individual variable is < 0.05 causing 

us to reject the null hypothesis that skedasticity function does not depend on these 

variables considered individually. We conclude that there is heteroskedasticity due to  

CABG alone, CABG X Policy alone, CABG X Post alone, and Policy X Post X CABG 

alone. Similarly, the p-value of 0.006 for the joint or simultaneous hypothesis shows that 

skedasticity function depends on all the variables in the model considered together. 

Table 22: Breusch-Pagan / Cook-Weisberg test for Heteroskedasticity 

Variable Chi
2 

df p 

Policy 2.25 1 0.133 

Post 0.53 1 0.465 

Policy X Post 1.71 1 0.191 

CABG 9.76 1 0.002 

CABG X Policy 4.28 1 0.039 

CABG X Post 8.50 1 0.004 

Policy X Post X CABG 6.35 1 0.012 

Simultaneous 16.94 7 0.012 

 

Heteroskedasticity is present. We may also have serial correlation of regression 

errors because of long time series data running into two decades. GLS is useful in these 

circumstances for the reasons of heteroskedasticity and serial correlation of regression 

errors. GLS estimators are recommended when one or more of the assumptions of 

homoskedasticity and non-correlation of regression error fails. GLS is more efficient then 

OLS estimation. Feasible GLS (FGLS) enables more precise estimation of parameters. It 

should result in smaller standard errors, narrower confidence intervals, and larger t 

statistics. The failure of homoskedasticity in the standard regression model leads to OLS 

estimator being inefficient.  
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Hence, I use FGLS estimator with robust standard errors. In the presence of serial 

correlation, FGLS is preferred because the estimator is more efficient and FGLS test 

statistics are asymptotically valid. FGLS regression in the instant analysis has resulted in 

standard errors which are very similar to the standard errors under OLS though not the 

same. See Table 23. We see marginal understatement of standard errors in OLS. We did 

not gain in terms of the precision of the estimates. Nevertheless, the results remain the 

same. The FGLS estimator of the difference-in-differences-in-differences remains 

statistically insignificant. Like under the DDD framework in OLS, the policy does not 

show any impact of the report cards on CABG in-hospital mortality under the DDD 

framework in FGLS regression. The difference in in-hospital mortality rates in policy and 

non-policy States at baseline remains statistically insignificant. Secular trend of decrease 

in in-hospital mortality rate in the non-policy States remains strong and statistically as 

well as clinically significant.  

Table 23: CABG Report Card Policy: DDD with OLS, FGLS and GMM Estimators 

Independent variables 

Y=  In-hospital mortality rate 

Pre Period: 1990 to 1996 and Post Period: 2006 to 

2011 

DDD Framework 

OLS Estimator FGLS Estimator GMM Estimator 

Policy X Post X CABG 

(DDD) 

0.21 

(0.36) 

0.21 

(0.39) 

-0.31 

(0.23) 

Policy X Post 

(DD) 

-0.33 

(0.27) 

-0.33 

(0.30) 

0.20 

(0.21) 

Policy -0.02 

(0.21) 

0.02 

(0.26) 

-0.32 

(0.21) 

Post -1.50*** 

(0.18) 

-1.50*** 

(0.19) 

-0.57*** 

(0.09) 

CABG -0.24 

(0.21) 

-0.24 

(0.23) 

-0.20** 

(0.09) 

CABG X Policy -0.20 

(0.31) 

-0.20 

(0.34) 

0.27 

(0.22) 
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CABG X Post -0.51** 

(0.24) 

-0.51** 

(0.25) 

-0.12 

(0.10) 

Constant 4.25*** 

(0.16) 

4.25*** 

(0.18) 

1.59*** 

(0.09) 

Observations  

States 

State years (N) 

CABG in-patients 

Pneumonectomy in-patients 

 

         32 

       171 

929,392       

327,282 

 

         32 

       171 

929,392       

327,282 

 

         32 

       171 

929,392       

327,282 

R
2 

0.60 0.64  

1) Robust standard errors in parentheses. 

2) ***  P < 0.01, **  P < 0.05, *  P < 0.1.   

3) DDD is difference-in-differences-in-differences, FGLS is feasible least squares 

regression, and GMM is generalized method of moments.  

 

Generalized method of moments can be used to improve over the standard estimators 

when auxiliary assumptions fail, at least in large samples (Wooldridge, 2001). We don’t 

expect a large gain from using GMM because econometric methods with robust inference 

techniques that allow for arbitrary heteroskedasticity or serial correlation have been used 

before implementing the GMM procedure. We do see expected gain in precision of the 

estimates. Many of the coefficients have decreased in size and have become more 

precise. The results however do not change. The report cards do not have any significant 

impact on the in-hospital CABG and pneumonectomy mortality. The policy States are 

similar to non-policy States in terms of in-hospital mortality. The secular trend of 

reduction in in-hospital mortality remains statistically significant but is now reduced in 

size. There is decrease of in-hospital mortality in the post period of 0.57 percentage point 

which is statistically significant and clinically meaningful. CABG in-hospital mortality 

rate is 0.2 percentage point lower than the pneumonectomy in-hospital mortality rate. 

Robustness check 

I use two tests in my robustness checks. First, I serially use three sets of five 

States randomly selected from 27 non-policy States as artificial policy States, and the 
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remainder 22 as non-policy States. I expect to see no report card policy impact. See Table 

24A. Indeed, I do not see any report card policy impact.  The secular time trend of 

reduction in in-hospital mortality is statistically as well as clinically significant and is 

very strong i.e. 1.52 to 1.62 percentage point reduction in the in-hospital mortality. The 

coefficients on DD and DDD remain statistically insignificant.  

Table 24A: A Robustness Check  

 

 

Y=  In-hospital mortality rate 

Pre Period: 1990 to 1996 and Post Period: 2006 to 2011 

Actual 

estimates in 

the instant 

quasi-

experimental 

research 

 

Falsification Test 

3 Sets of 5 States randomly selected as policy 

States from 27 non-policy States 

Set #1 

State id# 

8,17,23,24,33 

Set #2 

State id# 

2,8,15,27,33 

 

Set #3 

State id# 

8,11,23,30,32 

DDD OLS Estimator 

Policy X Post X CABG 

(DDD) 

0.19 

(0.35) 

-0.15 

(0.31) 

-0.23 

(0.33) 

-0.25 

(0.33) 

Policy X Post 

(DD) 

-0.26 

(0.26) 

-0.21 

(0.25) 

-0.13 

(0.27) 

0.31 

(0.27) 

Policy -0.02 

(0.21) 

-0.09 

(0.18) 

-0.09 

(0.18) 

-0.09 

(0.18) 

Post -1.57*** 

(0.17) 

-1.52*** 

(0.20) 

-1.53*** 

(0.19) 

-1.62*** 

(0.19) 

CABG -0.24 

(0.21) 

-0.27 

(0.24) 

-0.27 

(0.24) 

-0.27 

(0.24) 

CABG X Policy -0.20 

(0.31) 

-0.27 

(0.24) 

0.27 

(0.24) 

0.27 

(0.24) 

CABG X Post -0.49** 

(0.23) 

-0.48* 

(0.26) 

-0.47* 

(0.26) 

-0.46* 

(0.26) 

Constant 4.25*** 

(0.16) 

4.26*** 

(0.18) 

4.26*** 

(0.18) 

4.26*** 

(0.18) 

Observations  

States 

State years (N) 

CABG in-patients 

Pneumonectomy in-

patients 

 

         32 

       193 

965,817 

333,142 

 

         27 

       163 

532,614 

184,858 

 

         27 

       163 

532,614 

184,858 

 

         27 

       163 

532,614 

184,858 

R
2 

0.59 0.53 0.53 0.53 
1) Robust standard errors in parentheses. 
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2) ***  P < 0.01, **  P < 0.05, *  P < 0.1.  

3) DDD is difference-in-differences-in-differences, and OLS is ordinary least squares 

regression. 

 

Second, I create an experiment by artificially assigning the years 2004, 2005, 2006, 

and 2007 as pre period and I keep the post period as it is i.e. the years 2008, 2009, 2010, 

and 2011. During the years 2004-2007, all the policy States had their policy in place 

except Florida which began its policy in 2005. Thus, I artificially label post period as pre 

period in this robustness check. I do not expect to see any policy impact by treating 2004, 

2005, 2006, and 2007 as pre period and 2008, 2009, 2010, and 2011 as post period. On 

estimating the difference-indifferences-in-differences, I indeed do not see any policy 

impact on the in-hospital mortality rate (Table 24B). The results remain consistent with 

earlier results. The secular trend of decrease in in-hospital mortality rate continues. 

CABG mortality rate is about 0.6 percentage point lower than pneumonectomy mortality 

rate, and the coefficients on DDD and DD remain statistically insignificant.  

Table 24B: Another Robustness Check 

 

 

Y=  In-hospital mortality rate 

Pre Period: 2004, 2005, 2006, 2007 

Post Period: 2008, 2009, 2010, 2011 

Actual 

estimates in 

the instant 

quasi-

experimental 

research 

Falsification Test 

3 Sets of 5 States randomly selected as policy 

States from 27 non-policy States 

Set #1 

State id# 

8,17,23,24,33 

Set #2 

State id# 

2,8,15,27,33 

Set #3 

State id# 

8,11,23,30,32 

DDD OLS Estimator 

Policy X Post X CABG 

(DDD) 

0.19 

(0.35) 

0.23 

(0.33) 

0.24 

(0.37) 

0.48 

(0.38) 

Policy X Post 

(DD) 

-0.26 

(0.26) 

-0.15 

(0.28) 

-0.02 

(0.33) 

-0.39 

(0.34) 

Policy -0.02 

(0.21) 

-0.26 

(0.20) 

-0.24 

(0.24) 

0.43* 

(0.26) 

Post -1.57*** 

(0.17) 

-0.30** 

(0.14) 

-0.33** 

(0.13) 

-0.26* 

(0.14) 
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CABG -0.24 

(0.21) 

-0.64*** 

(0.14) 

-0.62*** 

(0.14) 

-0.57*** 

(0.13) 

CABG X Policy -0.20 

(0.31) 

-0.06 

(0.23) 

-0.07 

(0.27) 

-0.30 

(0.30) 

CABG X Post -0.49** 

(0.23) 

-0.15 

(0.18) 

-0.15 

(0.17) 

-0.18 

(0.17) 

Constant 4.25*** 

(0.16) 

2.95*** 

(0.11) 

2.95*** 

(0.10) 

2.82*** 

(0.10) 

Observations  

States 

State years (N) 

CABG in-patients 

Pneumonectomy in-

patients 

 

         32 

       193 

965,817 

333,142 

 

         27 

       163 

532,614 

184,858 

 

         27 

       163 

532,614 

184,858 

 

         27 

       163 

532,614 

184,858 

R
2 

0.59 0.25 0.25 0.25 
1) Robust standard errors in parentheses. 

2) ***  P < 0.01, **  P < 0.05, *  P < 0.1.  

3) DDD is difference-in-differences-in-differences, and OLS is ordinary least squares 

regression. 

 

 

California, Massachusetts, New Jersey and Florida have a State-mandated Report 

Card Policy whereas Washington State has provider-sponsored report cards. Another 

variation is in terms of hospital and surgeon report cards versus hospital only report 

cards. California, Massachusetts, and New Jersey have hospital and surgeon report card 

policy as opposed to hospital report cards alone in Washington and Florida. I test whether 

these various forms of report cards have any impact on CABG mortality by comparing 

the States with distinct forms of report cards with the States with no report cards (Table 

25). The coefficients on DD and DDD remain statistically insignificant regardless of the 

variation in the form and type of report cards. Any of the variants of the CABG report 

cards does not show an impact on CABG mortality.  
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Table 25: Impact of Different Types of CABG Report Cards  

 

 Y=  In-hospital mortality rate 

Pre Period: 1990 to 1996 and Post Period: 2006 to 2011 

Report Card Policy   State-mandated  

Report Card Policy 

(CA, FL, MA, NJ) 

versus No Report 

Cards (27 States) 

Hospital and 

Surgeon  

Report Card Policy 

(CA, MA, NJ) 

versus No Report 

Cards (27 States) 

DDD +  

State  

Fixed 

Effects 

DDD + 

State 

Random 

Effects 

DDD +  

State  

Fixed 

Effects 

DDD + 

State 

Random 

Effects 

DDD +  

State  

Fixed 

Effects 

DDD + 

State 

Random 

Effects 

Policy X Post X 

CABG 

(DDD) 

0.27 

(0.34) 

0.26 

(0.54) 

0.14 

(0.35) 

0.13 

(0.56) 

0.02 

(0.40) 

-0.00 

(0.57) 

Policy X Post 

(DD) 

0.15 

(0.25) 

0.07 

(0.31) 

0.04 

(0.26) 

0.03 

(0.33) 

-0.26 

(0.31) 

-0.33 

(0.32) 

Policy -0.34 

(0.28) 

-0.44 

(0.36) 

0.19 

(0.25) 

-0.30 

(0.34) 

0.28 

(0.26) 

-0.16 

(0.34) 

Post -1.70*** 

(0.19) 

-1.66*** 

(0.24) 

-1.70*** 

(0.19) 

-1.66*** 

(0.24) 

-1.73*** 

(0.19) 

-1.67*** 

(0.24) 

CABG -0.24 

(0.23) 

-0.24 

(0.42) 

-0.24 

(0.23) 

-0.24 

(0.42) 

-0.24 

(0.23) 

-0.24 

(0.42) 

CABG X Policy -0.20 

(0.31) 

-0.20 

(0.43) 

-0.20 

(0.31) 

-0.20 

(0.43) 

-0.05 

(0.36) 

-0.05 

(0.42) 

CABG X Post -0.57** 

(0.24) 

-0.55 

(0.45) 

-0.57** 

(0.24) 

-0.53 

(0.45) 

-0.57** 

(0.24) 

-0.55 

(0.45) 

Constant 4.27*** 

(0.20) 

4.45*** 

(0.23) 

4.27*** 

(0.20) 

4.45*** 

(0.23) 

4.27*** 

(0.20) 

4.46*** 

(0.23) 

Observations  

States 

State years (N) 

CABG in-patients 

Pneumonectomy in-

patients 

 

         32 

       171 

929,392       

327,282 

 

         32 

       171 

929,392       

327,282 

 

31 

155 

902,173 

316,639 

 

31 

155 

902,173 

316,639 

 

30 

143 

672,621 

257,002 

 

30 

143 

672,621 

257,002 

R
2 

0.75 0.59 0.76 0.59 0.75 0.59 

Hausman test 

chi
2 

Prob>chi
2
  

 

7.90 

0.0481 

 

7.03 

0.0708 

 

5.92 

0.1155 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   
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Analysis using Patient-Level Data with Risk Adjustment. Next, I use patient-

level data with risk adjustment. Based on the risk adjustment model described earlier in 

the methods section, I adjust the enhanced CABG mortality risk due to increasing age, 

female sex, and co-morbidities that include acute myocardial infarction (AMI), 

congestive heart failure (CHF), peripheral vascular disease (PVD), and ventricular 

fibrillation (VFIB). In this data set, I have four States, i.e., New York, New Jersey, 

Florida and Washington as policy States and three States i.e. Arizona, Iowa and Maryland 

as non-policy States. Years 1990 and 1991 constitute pre period and years 2008-2009 

constitute post period. I use four specifications: (1) DD, (2) DD with State fixed effects, 

(3) DDD, and (4) DDD with State fixed effects. See Table 26. 

 

The DD model shows report card policy impact at 95% confidence level but 

opposite to what we would expect. We see odds of in-hospital CABG mortality are 15% 

higher in the policy States due to policy. Policy States started with a slight advantage at 

the baseline. The odds of in-patient CABG mortality at baseline were 13% lower in the 

policy States as compared to the non-policy States. There is a very strong and statistically 

as well as clinically significant secular reduction in CABG in-patient mortality. The odds 

of CABG in-patient mortality are 79% lower in the post period as compared to pre period 

in the non-policy states. On including State fixed effects in the model, these results are 

maintained. The covariates i.e. age, female sex, dialysis procedure and co-morbidities 

(AMI, CHF, PVD, and VFIB) are statistically significant and increase the risk of in-

hospital CABG mortality. 
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In the DDD model, I add pneumonectomy (lung resection) patients to the dataset. 

The variable CABG is a dummy variable which takes a value of 1 if the patient has 

undergone CABG procedure and 0 if the patient has undergone pneumonectomy 

procedure. The negative policy impact seen in DD model now vanishes. The coefficient 

on DDD (Policy X Post X CABG) is statistically insignificant and also the coefficient on 

DD becomes statistically insignificant. On including State fixed effects in the DDD 

model, these results persist and the report cards do not show any impact on CABG in-

hospital mortality. There is a secular trend of decrease in CABG and pneumonectomy 

mortality (the odds of in-patient mortality are 55 to 56% lower in the post period as 

compared to the pre period) in the DDD models and this trend is statistically as well as 

clinically significant. 

 

Table 26: Impact of Report Card Policy on In-Hospital Mortality Using Patient-Level 

Data with Risk Adjustment 

 

 Odds Ratios 

Policy States: NY, NJ, FL, WA 

Non-Policy States AZ, IA, MD 

Pre Period: 1990 and 1991 

Post Period: 2008 and 2009 

DD  DD +  

State Fixed 

Effects 

DDD  DDD + 

State Fixed 

Effects 

Policy X Post X CABG 

(DDD) 

  1.25 

(0.19) 

1.26 

(0.19) 

Policy X Post 

(DD) 

1.15** 

(0.09) 

1.18* 

(0.10) 

1.00 

(0.12) 

1.04 

(0.13) 

Policy 0.87*** 

(0.03) 

0.78*** 

(0.06) 

0.94 

(0.08) 

0.83* 

(0.08) 

Post 0.21*** 

(0.02) 

0.20*** 

(0.02) 

0.45*** 

(0.05) 

0.44*** 

(0.05) 

CABG   0.55*** 

(0.05) 

0.56*** 

(0.05) 

CABG X Policy   0.92 

(0.09) 

0.89 

(0.08) 
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CABG X Post   0.41*** 

(0.06) 

0.40*** 

(0.06) 

Age  1.05*** 

(0.00) 

1.05*** 

(0.00) 

1.04*** 

(0.00) 

1.04*** 

(0.00) 

Female  1.40*** 

(0.04) 

1.41*** 

(0.04) 

1.11*** 

(0.03) 

1.11*** 

(0.03) 

Dialysis  8.97*** 

(0.65) 

9.04*** 

(0.66) 

10.12*** 

(0.66) 

10.18*** 

(0.66) 

AMI  1.86*** 

(0.06) 

1.86*** 

(0.06) 

1.88*** 

(0.06) 

1.88*** 

(0.06) 

CHF  2.03*** 

(0.07) 

2.02*** 

(0.07) 

2.27*** 

(0.07) 

2.25*** 

(0.07) 

PVD  1.67*** 

(0.09) 

1.65*** 

(0.09) 

1.62*** 

(0.08) 

1.60*** 

(0.08) 

VFIB 14.20*** 

(0.62) 

14.23*** 

(0.62) 

17.06*** 

(0.70) 

17.06*** 

(0.68) 

Constant 0.00*** 

(0.00) 

0.00*** 

(0.00) 

0.00*** 

(0.00) 

0.00*** 

(0.00) 

Observations  

States 

CABG in-patients 

Pneumonectomy in-patients 

  

7 

181,618 

  

7 

181,618 

  

7 

181,618 

  61,031 

  

7 

181,618 

  61,031 

Pseudo R
2 

0.16 0.16 0.14 0.14 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Next, I use New York, New Jersey and Florida as policy States where report cards 

are mandated by State, and I exclude Washington where report cards are provider 

sponsored. I use Arizona, Iowa and Maryland as non-policy states. Years 1990 and 1991 

constitute pre period and years 2008 and 2009 constitute post period. Both DDD model 

and DDD model with State fixed effects do not show any statistically significant impact 

of the State-mandated report cards on CABG mortality. See Table 27. 
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Table 27: Policy Variant - State-Mandated Report Card Policy Using Patient-Level Data 

with Risk Adjustment 

 Odds Ratios 

Policy States: NY, NJ, and FL 

Non-Policy States: AZ, IA, MD 

Pre Period: 1990 and 1991 

Post Period: 2008 and 2009 

DDD  DDD + State Fixed 

Effects 

Policy X Post X CABG 

(DDD) 

1.20 

(0.18) 

1.21 

(0.19) 

Policy X Post 

(DD) 

0.98 

(0.12) 

1.01 

(0.13) 

Policy 0.95 

(0.08) 

0.81** 

(0.07) 

Post 0.45*** 

(0.05) 

0.41*** 

(0.05) 

CABG 0.55*** 

(0.05) 

0.56*** 

(0.05) 

CABG X Policy 0.93 

(0.09) 

0.90 

(0.08) 

CABG X Post 0.41*** 

(0.06) 

0.40*** 

(0.06) 

Age  1.04*** 

(0.00) 

1.04*** 

(0.00) 

Female  1.11*** 

(0.03) 

1.11*** 

(0.03) 

Dialysis  10.15*** 

(0.67) 

10.23*** 

(0.69) 

AMI  1.89*** 

(0.06) 

1.89*** 

(0.06) 

CHF  2.25*** 

(0.08) 

2.24*** 

(0.08) 

PVD  1.61*** 

(0.09) 

1.59*** 

(0.09) 

VFIB 17.45*** 

(0.75) 

17.43*** 

(0.75) 

Constant 0.00*** 

(0.00) 

0.00*** 

(0.00) 

Observations  

States 

CABG in-patients 

Pneumonectomy in-patients 

 

6 

166,045 

  55,944 

 

6 

166,045 

  55,944 

Pseudo R
2 

0.15 0.15 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   
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To test hospital and surgeon report card policy, I use New York, and New Jersey 

as policy States where both hospital and surgeon report cards are published, and I exclude 

Washington and Florida where only hospital report cards are published. I use Arizona, 

Iowa and Maryland as non-policy States. Years 1990 and 1991 constitute pre period and 

years 2008 and 2009 constitute post period. Both DDD model and DDD model with State 

fixed effects do not show any statistically significant impact of the hospital and surgeon 

report cards on CABG mortality. See Table 28. 

 

Table 28: Policy Variant - Hospital and Surgeon Report Card Policy Using Patient-Level 

Data with Risk Adjustment 

 

 Odds Ratios 

Policy States: NY, NJ 

Non-Policy States: AZ, IA, MD 

Pre Period: 1990 and 1991 

Post Period: 2008 and 2009 

DDD  DDD + State Fixed 

Effects 

Policy X Post X CABG 

(DDD) 

1.10 

(0.18) 

1.12 

(0.19) 

Policy X Post 

(DD) 

0.97 

(0.13) 

1.00 

(0.13) 

Policy 0.92 

(0.08) 

0.84* 

(0.08) 

Post 0.45*** 

(0.05) 

0.43*** 

(0.05) 

CABG 0.54*** 

(0.05) 

0.55*** 

(0.05) 

CABG X Policy 0.89 

(0.09) 

0.86 

(0.09) 

CABG X Post 0.40*** 

(0.06) 

0.39*** 

(0.05) 

Age  1.04*** 

(0.00) 

1.04*** 

(0.00) 

Female  1.12*** 

(0.04) 

1.12*** 

(0.04) 

Dialysis  10.62*** 

(0.89) 

10.56*** 

(0.88) 
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AMI  1.93*** 

(0.08) 

1.93*** 

(0.08) 

CHF  2.42*** 

(0.11) 

2.41*** 

(0.11) 

PVD  1.67*** 

(0.12) 

1.65*** 

(0.12) 

VFIB 17.39*** 

(0.94) 

17.27*** 

(0.93) 

Constant 0.00*** 

(0.00) 

0.00*** 

(0.00) 

Observations  

States 

CABG in-patients 

Pneumonectomy in-patients 

 

5 

104,279 

  38,276 

 

5 

104,279 

  38,276 

Pseudo R
2 

0.15 0.15 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Hospital Volume and Market Share Analysis 

For the purpose of studying CABG market share volume, I use New York, New 

Jersey, Florida and Washington as policy States, and Arizona and Maryland as non-

policy States. Years 1990 and 1991 constitute pre period and years 2006, 2007, 2008 and 

2009 constitute post period in this analysis of CABG provider volume. The exception is 

Florida where the years 1992 and 1993 constitute pre period. This exception is because of 

data limitations, as Florida HCUP State Inpatient Dataset for the years 1990 and 1991 

does not include encrypted surgeon identifiers. There is no way to identify a surgeon in 

these FL 1990 and FL 1991 datasets, and classify the surgeon in the categories of average 

mortality, low mortality and high mortality.  

 

Descriptive statistics: See Table 29 for CABG market share by hospital category. 
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Table 29: Market Share: Proportion of CABG Surgeries, By Hospital Category 

 Non-Policy 

States  

(AZ, MD) 

Policy States 

(NY, NJ, FL, 

WA) 

Pre period 

(1990-91) 

Post period 

(2006-2009) 

CABG=281,818     

Unrated hospitals  0.39% 0.11% 0.12% 0.18% 

Average mortality 

hospitals 76% 75% 73% 76% 

Low mortality hospitals 23% 25% 27% 23% 

High mortality hospitals 0.82% 0.39% 0.25% 0.58% 

 

I treat hospitals with less than thirty CABG surgeries in a year as unrated 

hospitals. The CABG market share of unrated hospitals is less than 1% both in the pre 

period and in the post period.  The market share of average mortality hospitals in the pre 

period is 73% and it increases to 76% in the post period. Low mortality hospitals have a 

market share of 27% which decreases to 23% in the post period. High mortality hospitals 

have a market share of 0.25% in the pre period and 0.58% i.e. less than 1% in both the 

pre and the post periods. The market share of average mortality hospitals has increased 

over the years. See Figure 11 and 12.  

 
 

Figure 11: Proportion of CABG surgeries, by hospital category in the pre and post 

periods 

 

Pre Post 
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Figure 12: Proportion of CABG surgeries, by hospital category in the policy and non-

policy States  

 

Descriptive statistics: See Table 30 for annual CABG volume by hospital category. 

Table 30: Hospital Annual CABG Volume, By Hospital Category 

Volume: Descriptive statistics 

 
Overall 

Pre period 

(1990-91) 

Post period 

(2006-2009) 

CABG=281,818 

Unrated hospitals  15 12 16 

Overall 430 574 343 

Average mortality hospitals 443 590 359 

Low mortality hospitals 394 535 395 

High mortality hospitals 137 173 127 

 Policy States Non-Policy States 

NY, NJ, FL, WA AZ, MD 

1990-91 2006-2009 1990-91 2006-2009 

CABG=281,818 

Unrated hospitals  12 11 10 22 

Overall 595 344 417 336 

Average mortality hospitals 605 364 473 334 

Low mortality hospitals 569 283 274 348 

High mortality hospitals 63 136 206 49 

Non-policy States Policy States 
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Overall, average annual CABG volume of the rated hospitals is 574 in the pre 

period and 343 in the post period. We thus see 40% decrease in the annual CABG 

volume of the hospitals in the post period when compared to that in the pre period. The 

average annual CABG volume of the unrated hospitals was very low i.e. 12 in the pre 

period which marginally increased to 16 in the post period. There was reduction in the 

average annual CABG volume of average mortality hospitals, low mortality hospitals and 

high mortality hospitals of 40%, 26%, and 26% respectively. The descriptive statistics of 

annual CABG volume of hospitals in policy and non-policy States in both the pre and 

post periods are also given in Table 30 and Figure 13. 

 

 
Figure 13: Annual CABG volume of hospitals in policy and non-policy States in both the 

pre and post periods  

 

Impact on hospital volume. I apply the OLS with hospital fixed effects model 

separately to policy and non-policy States and to the full dataset to examine whether the 

policy and non-policy States are statistically different in terms of annual hospital volume 

of low and high mortality hospitals compared to average mortality hospitals (Table 31). 

Policy States Non-Policy States 
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Low mortality hospitals in policy States on average were similar to average mortality 

hospitals whereas low mortality hospitals in non-policy States on average performed 110 

fewer CABGs in a year when compared to average mortality hospitals. Unrated hospitals 

in policy States on average performed 65 fewer CABGs in a year when compared to 

average mortality hospitals. Similarly, unrated hospitals in non-policy States on average 

performed 65 fewer CABGs in a year when compared to average mortality hospitals. On 

using fewer variables in the model (see columns 2, 3 and 4 of Table 31), I get broadly 

similar results in policy States. Non-policy States however do not show any statistically 

significant reduction in hospital CABG volume from pre to post period. 

Table 31: Hospital Volume: Policy versus Non-Policy States 

Y=  Annual 

CABG 

Volume of a 

Hospital 

(Pre Period 

1990-1991 

and Post 

Period 2006 

to 2009) 

OLS Estimator 

Policy 

and  

Non-

Policy 

States 

Policy 

States 

NY, NJ, 

FL, WA 

Non-

Policy 

States 

AZ, MD 

Policy 

and  

Non-

Policy 

States 

Policy 

States 

NY, NJ, 

FL, WA 

Non-

Policy 

States 

AZ, MD 

Post -141*** 

(23) 

-177*** 

(28) 

-42 

(34) 
-231*** 

(25) 

-265*** 

(29) 

-162*** 

(36) 

Average 

Mortality 

Hospital 

Flag 

   Referent 

category 

Referent 

category 

Referent 

category 

Low 

Mortality 

Hospital 

Flag 

   -42* 

(22) 

-13 

(25) 

-110*** 

(37) 

High 

Mortality 

Hospital 

Flag 

   20 

(20) 

12 

(29) 

-25 

(18) 

Unrated 

Hospital 

Flag 

   -82*** 

(23) 

-65*** 

(22) 

-65*** 

(23) 
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Low 

Mortality 

Hospital 

Flag X Post 

   48** 

(22) 

22 

(26) 

111*** 

(38) 

Annual 

Valve 

Surgery 

Volume of 

the Hospital 

   0.86*** 

(0.13) 

0.92*** 

(0.13) 

0.95*** 

(0.28) 

Hospital 

Fixed 

Effects 

Included Included Included Included Included Included 

Time Fixed 

Effects 

Included Included Included Included Included Included 

Constant 252*** 

(26) 

287*** 

(31) 

266*** 

(44) 

318*** 

(30) 

346*** 

(34) 

312*** 

(50) 

Observations  

States 

Hospitals-

Years
§ 

 

6 

1027 

 

4 

822 

 

2 

205 

 

6 

995 

 

4 

794 

 

2 

201 

R
2 

0.83 0.83 0.86 0.84 0.85 0.89 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   
§
The number of hospital years in two specifications is different because a substantial 

number of observations drop out in the expanded specification because of missing data 

on encrypted surgeon identifiers. 

 

 

To examine the impact of the report card policy on hospital and surgeon volumes, 

I use DD model (Tables 32). There is a statistically as well as clinically significant 

association of the report card policy with hospital annual CABG volumes. At 99% 

confidence level, on average there is reduction of hospital annual CABG volume by 145 

surgeries which is associated with the report cards. At the baseline i.e. during the pre- 

period, hospitals in the policy States had higher annual CABG volumes (on average 

hospitals in policy States had performed 116 more CABG surgeries than hospitals in non-

policy States). There is a secular trend of reduction in CABG volumes.  Hospitals even in 

non-policy States had performed 86 fewer CABGs in the post period when compared to 
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the pre period.  Hospitals with an average mortality flag are a referent category in the 

model. On average, low mortality hospitals had in a year performed 46 fewer CABGs 

than average mortality hospitals, high mortality hospitals had in a year performed 50 

fewer CABGs than the average mortality hospitals, and unrated hospitals had in a year 

performed 146 fewer CABGs than the average mortality hospitals.  

 

I add hospital fixed effects to the model. On including hospital fixed effects, the 

direction of the association of policy with hospital volume remains the same, but the 

effect size decreases. On average, the report card policy is associated with reduction in 

the annual volume of hospitals in policy States by 123 which is statistically as well as 

economically significant. The policy States in this model started with similar volumes at 

baseline and there is a secular time trend of reduction in hospital CABG volumes. 

Unrated hospitals had in a year performed 67 fewer CABGs than average mortality 

hospitals.  Low mortality hospitals on average were similar to average mortality 

hospitals.  High mortality hospitals had a share of less than 1% in the CABG market 

share and hence, change in their volume is not central to this analysis. 

 

Finally, I add the time fixed effects to the DD model in addition to the hospital 

fixed effects. The results remain similar to the DD model with the hospital fixed effects, 

with changes in the effect size. On using fewer variables in the model (see columns 2, 3 

and 4 of Table 32), I get broadly similar results on the coefficient of the difference-in-

differences. 
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Table 32: Hospital Volume: DD Framework with Hospital and Time Fixed Effects 

 

 Y=  Annual CABG Volume of a Hospital 

(Pre period 1990-1991 and Post period 2006 to 2009) 

OLS Estimator 

DD DD + 

Hospital 

Fixed 

Effects 

DD + 

Hospital 

and Time 

Fixed 

Effects 

DD DD + 

Hospital 

Fixed 

Effects 

DD + 

Hospital 

and Time 

Fixed 

Effects 

Policy X 

Post 

(DD) 

-152*** 

(36.9) 

-126*** 

(27.8) 

-131*** 

(32.4) 

-145*** 

(26.8) 

-123*** 

(26) 

-152*** 

(29.4) 

Policy 168*** 

(33.9) 

-189** 

(93.6) 

-184* 

(97.3) 

116*** 

(24.6) 

109 

(104.4) 

172 

(110) 

Post -28 

(31.3) 

-41* 

(24.1) 

-46 

(28.7) 

-86*** 

(25.5) 

-102*** 

(25) 

-121*** 

(30) 

Average 

Mortality 

Hospital 

Flag 

   Referent 

category 

Referent 

category 

Referent 

category 

Low 

Mortality 

Hospital 

Flag 

   -46* 

(25.6) 

-33 

(20.3) 

-32 

(21.3) 

High 

Mortality 

Hospital 

Flag 

   -50** 

(23.3) 

-15 

(21.7) 

-15 

(23.4) 

Unrated 

Hospital 

Flag 

   -146*** 

(18.5) 

-67*** 

(14.9) 

-70*** 

(16.8) 

Low 

Mortality 

Hospital 

Flag X Post 

   33 

(26.6) 

42** 

(21) 

40* 

(21.7) 

Annual 

Valve 

Surgery 

Volume of 

the Hospital 

   1.0*** 

(0.1) 

1.0*** 

(0.1) 

1.0*** 

(0.1) 

Hospital 

Fixed 

Effects 

Not 

included 

Included Included Not 

included 
Included Included 

Time Fixed 

Effects 

Not 

included 

Included Included Not 

included 
Not 

included 

Included 
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Constant 242*** 

(28.5) 

596*** 

(3.1) 

471*** 

(95) 

210*** 

(24.7) 

224** 

(103) 

184* 

(106) 

Observations  

States 

Hospital-

Years 

Patients  

 

6 

1030 

 

6 

1027 

 

6 

1027 

 

6 

998 

 

280,944 

 

6 

995 

 

280,901 

 

6 

995 

 

280,901 

R
2 

0.13 0.83 0.83 0.53 0.85 0.86 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Impact on hospital market share by hospital category. Using difference in 

differences strategy, I find that the report card policy has a statistically significant but 

clinically insignificant association with the market share of high mortality hospitals 

(Table 33). The market share of high mortality hospitals at baseline is very low i.e. less 

than 1% which remains similarly low in the post period. The CABG market share of high 

mortality hospitals in policy States was similar to that in non-policy States at baseline. 

Policy is associated with 2.2 percentage point increase in market share of high mortality 

hospitals. This change in absolute terms is not significant since the high mortality 

hospitals in both pre and post periods have market share which is less than 1%.  

Table 33: High Mortality Hospital Market Share: Policy versus Non-Policy States 

 Y=  Annual CABG market share of high mortality hospitals  

(Pre period 1990-1991 and Post period 2006 to 2009) 

OLS Estimator 

Policy +  

Non-Policy States 

Policy States 

NY, NJ, FL, WA 

Non-Policy States 

AZ, MD 

Policy -0.0016 

(0.0113) 

  

Post -0.0209*** 

(0.0056) 

0.0102*** 

(0.0013) 

-0.0450*** 

(0.0069) 

Policy X Post 

(DD) 

0.0220*** 

(0.0050) 

  

Hospital Fixed 

Effects 

Included Included Included 
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Time Fixed Effects Included Included Included 

Constant 0.0228*** 

(0.0077) 

0.0133 

(0.0090) 

0.0432 

(0.0069) 

Observations  

States 

Hospital-Years 

 

6 

1027 

 

4 

822 

 

2 

205 

R
2 

0.46 0.50 0.74 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

Average mortality hospitals increased their market share by 11.7% from pre period to 

post period whereas low mortality hospitals decreased their market share by 9.7% during 

the same time period (Table 34). Note that average mortality hospitals of post period are 

better than low mortality hospitals of the pre-period because CABG mortality has been 

falling all along during the years under study. The average mortality hospitals have 

gained market share at the cost of low mortality hospitals from pre-period to post period 

as a result of secular trend. On using fewer variables in the model (see columns 2 and 3 

of Table 34), I see report cards are associated with decrease in market share of average 

mortality hospitals by 8% and increase in market share of low mortality hospitals by 6%. 

 Table 34: Average and Low Mortality Hospital Market Share 

 Y=  Annual CABG market share of hospitals  

(Pre period 1990-1991 and Post period 2006 to 2009) 

OLS Estimator 

Average 

mortality 

hospital 

Low mortality 

hospital 

Average 

mortality 

hospital 

Low mortality 

hospital 

Policy 0.0602** 

(0.0260) 

-0.0369* 

(0.0220) 

-0.0166 

(0.0781) 

0.0181 

(0.0706) 

Post 0.1170*** 

(0.0260) 

-0.0972*** 

(0.0218) 

0.2040*** 

(0.0357) 

-0.1830*** 

(0.0312) 

Policy X Post 

(DD) 

-0.0831*** 

(0.0270) 

0.0582** 

(0.0231) 

-0.0823*** 

(0.0306) 

0.0602 

(0.0270) 

Hospital 

Fixed Effects 

Not included Not included Included Included 

Time Fixed Not included Not included Included Included 
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Effects 

Constant 0.6653*** 

(0.0251) 

0.3108*** 

(0.0208) 

0.6392*** 

(0.0746) 

0.3378*** 

(0.0680) 

Observations  

States 

Hospital-

Years 

 

6 

1030 

 

6 

1030 

 

6 

1027 

 

6 

1027 

R
2 

0.08 0.07 0.69 0.70 

Robust standard errors in parentheses. ***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Impact on hospital volume by hospital category. High mortality hospitals on 

average lost volume of 179 as a secular time trend (Table 35).  The CABG report card 

policy is associated with increase in volume of a high mortality hospital 117.  

Table 35: Volume of High, Average and Low Mortality Hospitals  

 Y=  Annual CABG 

volume of a high 

mortality hospital  

(Pre period 1990-

1991 and Post period 

2006 to 2009) 

Y=  Annual CABG 

volume of an average 

mortality hospital  

(Pre period 1990-1991 

and Post period 2006 

to 2009) 

Y=  Annual CABG 

volume of a low 

mortality hospital  

(Pre period 1990-

1991 and Post period 

2006 to 2009) 

OLS Estimator 

Policy -35 

(19) 

-176* 

(95) 

-465*** 

(63) 

Post -179*** 

(0) 

-109** 

(45) 

25 

(42) 

Policy X Post 

(DD) 

117*** 

(0) 

-100** 

(46) 

-87 

(60) 

Hospital Fixed 

Effects 

Included Included Included 

Constant 220*** 

(19.3) 

512*** 

(93) 

649*** 

(44) 

Observations  

States 

Hospital-Years 

 

6 

18 

 

6 

672 

 

6 

303 

R
2 

0.99 0.84 0.95 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   
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Surgeon Volume and Market Share Analysis 

Descriptive statistics: CABG Market Share by surgeon category 

 

The market share of unrated surgeons in the pre period is 14% which decreases to 

9% in the post period. The market share of average mortality surgeons is 47% in the pre 

period and it increases to 57% in the post period whereas the market share of low 

mortality surgeons is 48% which reduces to 40% in the post period. The market share of 

high mortality surgeons is 6% in the pre period and it decreases to 3% in the post period. 

See Table 36. Two things stand out. One, the market share of average mortality surgeons 

has increased over the years. Second, the market share of high mortality surgeons has 

decreased over time. See Figures 14 and 15. 

Table 36: Market share: Proportion of CABG Surgeries, By Surgeon Category 

 Non- Policy 

States  

(AZ, MD) 

Policy States 

(NY, NJ, FL, 

WA) 

Pre period 

(1990-93) 

Post period 

(2006-2009) 

CABG=271,117     

Unrated surgeons 19% 9.1% 14.3% 8.9% 

Average mortality 

surgeons 54.4% 53.1% 46.8% 56.8% 

Low mortality surgeons 43.6% 42.6% 47.6% 40.2% 

High mortality surgeons 5% 4.1% 5.6% 3.5% 
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Figure 14: Proportion of CABG surgeries, by surgeon category in pre and post periods  

 

 
 

 

Figure 15: Proportion of CABG surgeries, by surgeon category in policy and non-policy 

States  

 

 

 

 

 

 

Pre Post 

Non-policy States Policy States 
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Descriptive statistics: Annual CABG volume by surgeon category 

Table 37: Surgeon Annual CABG Volume, By Surgeon Category 

Volume: Descriptive statistics 

 
Overall 

Pre period 

(1990-93) 

Post period 

(2006-2009) 

N=CABG=276,346 

Unrated surgeons 11 12 11 

Overall for rated surgeons  128 151 116 

Average mortality surgeons 128 143 121 

Low mortality surgeons 133 165 112 

High mortality surgeons 77 95 62 

 Policy States Non-Policy States 

NY, NJ, FL, WA AZ, MD 

1990-91 2006-2009 1990-91 2006-2009 

N=CABG=276,346 

Unrated surgeons 11 11 13 10 

Overall for rated surgeons  154 113 121 129 

Average mortality surgeons 142 119 148 131 

Low mortality surgeons 171 107 98 133 

High mortality surgeons 102 64 45 49 

 

The average annual CABG volume of a surgeon was 151 in the pre period which 

decreased to 116 in the post period i.e. by 23%. The average annual CABG volume of 

unrated surgeons was very low in the pre period and continued to be very low in the post 

period. The average annual CABG volume of average mortality surgeons, low mortality 

surgeons, and high mortality surgeons decreased by 15%, 32% and 35% respectively in 

the post  period as compared to the pre period. The descriptive statistics of annual CABG 

volume of surgeons in policy and non-policy States in both the pre and post periods are 

also given in Table 37 and depicted in Figure 16. We see an increase in surgeon volumes 

in post period as compared to the pre period in the non-policy States. Average surgeon 

volumes have decreased in the policy States during this period across all three categories 
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of surgeons i.e. average mortality surgeons, low mortality surgeons and high mortality 

surgeons. 

 
 

 

 

Figure 16: Annual CABG volume of surgeons in policy and non-policy States in both pre 

and post periods 

 

Impact on surgeon volume. I apply the OLS with hospital fixed effects model 

separately to policy and non-policy States and to the full dataset to examine whether the 

policy and non-policy States are statistically different in terms of annual surgeon volume 

of low and high mortality surgeons compared to average mortality surgeons. See Table 

38. 

Table 38: Surgeon Volume: Policy versus Non-Policy States 

Y=  Annual 

CABG 

Volume of a 

Surgeon 

(Period 

1990-1991 

and 2006 to 

2009) 

OLS Estimator 

Policy +  

Non-

Policy 

States 

Policy 

States 

Non-

Policy 

States 

Policy +  

Non-

Policy 

States 

Policy 

States 

Non-

Policy 

States 

Policy States Non-Policy States 
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Post -5*** 

(1.7) 

2 

(2.21) 

8*** 

(2.7) 

-33*** 

(3.3) 

-36*** 

(4) 

-18** 

(7.8) 

Average 

Mortality 

Surgeon 

Flag 

   Referent 

category 

Referent 

category 

Referent 

category 

Low 

Mortality 

Surgeon 

Flag 

   2 

(2.8) 

4 

(3.5) 

17*** 

(3.3) 

High 

Mortality 

Surgeon 

Flag 

   -11*** 

(2.8) 

-7* 

(3.5) 

-18*** 

(3.5) 

Unrated 

Surgeon 

Flag 

   -84*** 

(2.6) 

-90*** 

(3) 

-54*** 

(5.2) 

Low 

Mortality 

Surgeon 

Flag X Post 

   -2 

(3) 

-10*** 

(3.8) 

18*** 

(4.9) 

High 

Mortality 

Surgeon 

Flag X Post 

   -3 

(3.5) 

-6 

(4.1) 

-1 

(7.1) 

Unrated 

Surgeon 

Flag X Post 

   25*** 

(3) 

32*** 

(3.3) 

-12* 

(6.1) 

Annual 

Valve 

Surgery 

Volume  

   0.61*** 

(0.04) 

0.60*** 

(0.05) 

0.77*** 

(0.11) 

State Fixed 

Effects 

Included Included Included Included Included Included 

Hospital 

Fixed 

Effects 

Not 

included 

Not 

included 
Not 

included 
Not 

included 

Not 

included 
Not 

included 

Time Fixed 

Effects 

Included Included Included Included Included Included 

Constant 18*** 

(1.5) 

20*** 

(1.77) 

9*** 

(1) 

94*** 

(3) 

96*** 

(4) 

75*** 

(6.7) 

Observations  

States 

Surgeon-

Years 

 

6 

11411 

 

4 

8801 

 

2 

2610 

 

6 

4831 

 

4 

3816 

 

2 

1015 

R
2 

0.02 0.0057 0.03 0.65 0.65 0.69 
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Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

Low mortality surgeons in policy States on average were similar when compared 

to average mortality surgeons in policy States whereas low mortality surgeons in non-

policy States on average performed 17 more CABGs in a year when compared to average 

mortality surgeons in non-policy States. High mortality surgeons in policy States on 

average performed 7 fewer CABGs in a year when compared to average mortality 

surgeons in policy States whereas high mortality surgeons in non-policy States on 

average performed 18 fewer CABGs in a year when compared to average mortality 

surgeons in non-policy States. Unrated surgeons in policy States on average performed 

90 fewer CABGs in a year whereas unrated surgeons in non-policy States on average 

performed 54 fewer CABGs in a year when compared to average mortality surgeons.  

 

On using fewer variables in the model (see columns 2, 3 and 4 of Table 38), I see 

surgeons in non-policy States have gained on average an annual volume of 8 CABG 

surgeries. 

 

We now turn to the association of the report card policy with surgeon volumes as 

examined under the DD model. Turning to Table 39 there is a statistically as well as 

clinically significant association of the report card policy with the surgeon annual CABG 

volumes. On average and at 99% confidence level, there is reduction of surgeon annual 

CABG volume by 12 surgeries which is associated with the report cards. At the baseline 

i.e. during the pre- period, surgeons in the policy States had higher annual CABG 

volumes (on average surgeons in the policy states had performed 5 CABG surgeries more 
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than the surgeons in the non-policy States). There is a secular trend of reduction in 

surgeon CABG volumes. The surgeons even in non-policy States had performed 18 fewer 

CABGs in the post period when compared to the pre period. The surgeons with an 

average mortality flag are a referent category in this model. On average, low mortality 

surgeons were similar to average mortality surgeons, high mortality surgeons had in a 

year performed 11 fewer CABGs than the average mortality surgeons had performed, and 

unrated surgeons had in a year performed 83 fewer CABGs than the average mortality 

surgeons had performed.  

 

I add State fixed effects to the model. On including State fixed effects, the 

direction of association of policy with surgeon volume remains the same, but the 

magnitude of the effect size marginally decreases. On average the report card policy is 

associated with reduction in annual volume of surgeons in policy States by 11. The policy 

and non-policy States started with similar volumes at baseline and there is a secular time 

trend of reduction in surgeon CABG volumes. Unrated surgeons had in a year performed 

83 fewer CABGs than the average mortality surgeons had performed. The low mortality 

surgeons are similar to average mortality surgeons in terms of annual CABG volume. 

High mortality surgeons on the other hand on average performed 11 fewer CABGs 

annually than the average mortality surgeons. I add the time fixed effects to the DD 

model in addition to the State fixed effects. The results remain similar to the DD model 

with the State fixed effects, with marginal to substantial changes in the effect size.  
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On using fewer variables in the model (see columns 2, 3 and 4 of Table 39), the 

coefficients on difference-in-differences remain largely similar. 

Table 39: Surgeon Volume: DD Framework with State and Time Fixed Effects 

Y=  Annual 

CABG 

Volume of a 

Surgeon 

(Period 

1990-1991 

and 2006 to 

2009) 

OLS Estimator 

DD DD 

+State  

Fixed 

Effects 

DD 

+State 

and Time 

Fixed 

Effects 

DD DD 

+State  

Fixed 

Effects 

DD 

+State 

and Time 

Fixed 

Effects 

Policy X 

Post 

(DD) 

-13*** 

(1.8) 

-12*** 

(2) 

-10*** 

(2.2) 

-12*** 

(2.3) 

-11*** 

(2.5) 

-14*** 

(2.8) 

Policy 17*** 

(1.2) 

5* 

(2.6) 

4 

(2.6) 

5*** 

(1.5) 

4 

(3.12) 

6* 

(3.2) 

Post 12*** 

(1.5) 

11*** 

(1.6) 

11*** 

(2) 

-18*** 

(3.4) 

-18*** 

(3.5) 

-23*** 

(3.8) 

Average 

Mortality 

Surgeon 

Flag 

   Referent 

category 

Referent 

category 

Referent 

category 

Low 

Mortality 

Surgeon 

Flag 

   -2 

(2.8) 

-3 

(2.8) 

-3 

(2.7) 

High 

Mortality 

Surgeon 

Flag 

   -11*** 

(2.7) 

-11*** 

(2.7) 

-11*** 

(2.7) 

Unrated 

Surgeon 

Flag 

   -83*** 

(2.5) 

-83*** 

(2.6) 

-83*** 

(2.6) 

Low 

Mortality 

Surgeon 

Flag X Post 

   -2 

(3.1) 

-2 

(3.1) 

-3 

(3.1) 

High 

Mortality 

Surgeon 

Flag X Post 

   -3 

(3.5) 

-3 

(3.5) 

-3 

(3.5) 

Unrated 

Surgeon 

   22*** 

(2.9) 

23*** 

(3) 

23*** 

(2.9) 
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Flag X Post 

Annual 

Valve 

Surgery 

Volume of 

the Surgeon 

   0.61*** 

(0.04) 

0.61*** 

(0.04) 

0.62*** 

(0.04) 

State Fixed 

Effects 

Not 

included 

Included Included Not 

included 

Included Included 

Surgeon 

Fixed 

Effects 

Not 

included 

Not 

included 

Not 

included 

Not 

included 

Not 

included 

Not 

included 

Time Fixed 

Effects 

Not 

included 

Not 

included 

Included Not 

included 

Not 

included 

Included 

Constant 10*** 

(0.7) 

17*** 

(2.3) 

16*** 

(2.4) 

101*** 

(0.7) 

90*** 

(3.7) 

90*** 

(4) 

Observations  

States 

Surgeon-

Years 

 

6 

11411 

 

6 

11411 

 

6 

11411 

 

6 

4831 

 

6 

4831 

 

6 

4831 

R
2 

0.01 0.02 0.02 0.65 0.65 0.65 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Impact on market share by surgeon category. Annual CABG market share of 

high mortality surgeons was not significantly impacted by the report cards. See Table 40. 

High mortality surgeons in policy States had a CABG market share which was 2.5% 

lower than their counterparts in non-policy States at the baseline. There is a secular trend 

of a decrease of 10% in the market share of high mortality surgeons. 

Table 40: High Mortality Surgeon Market Share: Policy versus Non-Policy States 

 Y=  Annual CABG market share of high mortality surgeons  

(Pre period 1990-1991 and Post period 2006 to 2009) 

OLS Estimator 

Policy +  

Non-Policy States 

Policy States Non-Policy States 

Policy -0.0256*** 

(0.0026) 

  

Post -0.0996*** 

(0.0018) 

-0.0191*** 

(0.0012) 

-0.1052*** 

(0.0025) 
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Policy X Post 

(DD) 

0.0029 

(0.0038) 

  

State Fixed Effects Included Included Included 

Hospital Fixed 

Effects 

Not included Not included Not included 

Time Fixed Effects Included Included Included 

Constant 0.1111*** 

(0.0027) 

0.0863*** 

(0.0011) 

0.1347* 

(0.0014) 

Observations  

States 

Surgeon-Years 

 

7 

11412 

 

4 

8802 

 

2 

2610 

R
2 

0.72 0.54 0.76 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

 

Average mortality surgeons have increased their market share by 32% and low mortality 

surgeons have lost their market share by 20% from pre to post period. See Table 41. The 

CABG report cards are associated with decrease in CABG market share of average 

mortality surgeons by 14% and increase of market share of low mortality surgeons by 

3.14%. On using fewer variables in the model (see columns 2, 3 and 4 of Table 41), the 

coefficients on difference-in-differences remain largely similar. 

 

Table 41: Average and Low Mortality Surgeon Market Share 

 

 Y=  Annual CABG market share of surgeons  

(Pre period 1990-1991 and Post period 2006 to 2009) 

OLS Estimator 

Average 

mortality 

surgeon 

Low mortality 

surgeon 

Average 

mortality 

surgeon 

Low mortality 

surgeon 

Policy 0.1363*** 

(0.0038) 

-0.0591*** 

(0.0030 ) 

0.0047 

(0.0065) 

-0.0366*** 

(0.0059 ) 

Post 0.2935*** 

(0.0036) 

-0.1588*** 

(0.0032) 

0.3154*** 

(0.0049) 

-0.1981*** 

(0.0040) 

Policy X Post 

(DD) 

-0.1736*** 

(0.0056) 

0.0538*** 

(0.0040) 

-0.1400*** 

(0.0047) 

0.0314*** 

(0.0046) 

State Fixed 

Effects 

Not included Not included Included Included 
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Hospital 

Fixed Effects 

Not included Not included Not included Not included 

Time Fixed 

Effects 

Not included Not included Included Included 

Constant 0.3038*** 

(0.0031) 

0.5650*** 

(0.0019) 

0.3477*** 

(0.0068) 

0.5902*** 

(0.0060) 

Observations  

States 

Surgeon-

Years 

 

6 

11412 

 

6 

11412 

 

6 

11412 

 

6 

11412 

R
2 

0.51 0.33 0.70 0.53 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   

 

Impact on volume by surgeon category. CABG report card policy is not 

associated with any change in the CABG volume of high mortality surgeons (Table 42). 

Table 42: Annual CABG Volume of High, Average and Low Mortality Surgeons 

  Y=  Annual CABG 

volume of a high 

mortality surgeon  

(Pre period 1990-

1991 and Post period 

2006 to 2009) 

Y=  Annual CABG 

volume of an average 

mortality surgeon  

(Pre period 1990-1991 

and Post period 2006 

to 2009) 

Y=  Annual CABG 

volume of a low 

mortality surgeon  

(Pre period 1990-

1991 and Post period 

2006 to 2009) 

OLS Estimator 

Policy 4 

(3.5) 

34*** 

(8.9) 

-1 

(2.7) 

Post 1 

(1.9) 

0 

(7) 

7*** 

(1.9) 

Policy X Post 

(DD) 

3 

(2.7) 

-39*** 

(7.5) 

-3 

(2.3) 

State Fixed 

Effects 

Included Included Included 

Hospital Fixed 

Effects 

Not included Not included Not included 

Constant 12*** 

(2.5) 

43*** 

(8) 

14*** 

(2.4) 

Observations  

States 

Surgeon-Years 

 

6 

960 

 

6 

2689 

 

6 

7352 

R
2 

0.75 0.44 0.50 

Robust standard errors in parentheses. 

***  P < 0.01, **  P < 0.05, *  P < 0.1.   
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Chapter 5: Discussion and Policy Implications 

 

Overall Findings of the Study 

CABG mortality: To summarize, the overarching finding of this study is CABG 

report cards over a long term do not lead to a reduction in CABG mortality in a State. 

This lack of impact on CABG mortality is common to all variations of the CABG report 

cards, i.e. no impact is seen on CABG mortality whether the CABG report card is State-

mandated or provider-sponsored; or whether the report card is hospital-only report card 

or hospital and surgeon report card. This study yields consistent results on the impact of 

CABG report cards on in-hospital CABG mortality in the two datasets, i.e. HCUP State 

level and patient level data. The results are also consistent using OLS, FGLS and GMM 

regressions.  

 

CABG market share by quality rating of providers: There is a secular trend of 

increasing market share of average mortality hospitals and surgeons. This trend can be 

construed as a combination of regression to the mean and a true increase in the market 

share of the average mortality hospitals and surgeons. More importantly, the report cards 

are associated with decrease in the market share of the average mortality hospitals and 

surgeons and increase in the market share of low mortality hospitals and surgeons. This 

association of the CABG report cards with increase in the market share of low mortality 

hospitals and surgeons is statistically and clinically significant. Note that low mortality 

hospitals and surgeons of today with CABG mortality around 1% are much better 

performers in terms of CABG surgery quality than low mortality hospitals and surgeons 
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of 20 years ago with CABG mortality around 3-4%. Even average mortality hospitals and 

surgeons of today are performing far better than low morality hospitals and surgeons of 

20 years ago.    

 

High mortality hospitals are a minor player in the game in the sense they had a 

market share of 0.25% in the pre period and 0.58% in the post period i.e. less than 1% in 

both the pre and the post periods. Again keep in mind that high mortality hospitals and 

surgeons of today are performing far better than high morality hospitals and surgeons of 

20 years ago. The report cards are associated with increase in the market share of high 

mortality hospitals marginally i.e. by 2.2%. This association is clinically insignificant. 

There is a secular trend of decline in the market share of high mortality hospitals. These 

effects on the high mortality hospital market share should be appreciated in view of a 

miniscule market share of the high mortality hospitals in both the pre period and the post 

periods. In case of surgeons, the report card policy did not have any impact on the market 

share of high mortality surgeons. The decrease in market share of high mortality surgeons 

from 5.6% to 3.5% is seen as a secular trend. 

 

The market share in a year in this study is defined for high mortality, average 

mortality, and low mortality providers as a group and not for individual providers. This 

means market share of a particular performance category of providers is a function of 

number of providers in that category and average volume of a provider in that category in 

that year.  The data on exact number of providers especially surgeons is not available in 

the dataset because of challenges created by data encryption algorithms for provider 
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identifiers. Change in market share of a performance category of a provider is more 

important for quality and mortality than change in average volume of that class of 

providers, because a change in volume will affect market share only in conjunction with 

the number of providers in a particular category.  

 

CABG volume: CABG report cards are associated with statistically and clinically 

significant reduction in annual CABG volume of the hospitals and surgeons. On average, 

the report cards are associated with reduction in annual CABG volume of a hospital by 

152 and annual CABG volume of a surgeon by 14.  

 

CABG volume by quality rating of providers: The report cards are associated 

with increase in the annual volume of high mortality hospitals on average by 117. The 

report card policy did not have any impact on the annual volume of high mortality 

surgeons.  

 

CABG report cards are associated with decline in volume of average mortality 

hospitals by 100. No statistical association is seen with change in volumes of low 

mortality hospitals. In case of surgeons, CABG report cards are associated with decline in 

volume of average mortality surgeons by 39. No statistical association is seen with 

change in volumes of high or low mortality surgeons. These findings are consistent with 

findings on report card association with changes in market share by provider quality 

rating. 
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New Contributions 

This study makes a number of important contributions to the literature. The 

analysis spans two decades and to my knowledge, is the first study that examines the 

impact of a public reporting initiative on clinical outcomes (in-hospital mortality) over 

such a long period of time. Earlier studies have considered the impact of a few editions of 

a CABG report card. I have examined the impact of State CABG report cards since the 

initiative began in the early 1990s. 

 

Earlier studies have considered a few States and many of these studies do not 

have comparison States. I have used multiple States as policy States and multiple States 

as comparison States. All four geographic regions of the United States are represented in 

the study. In this study in the State level HCUPnet data, five policy States and 27 non-

policy States have been considered for analyzing the impact of CABG report cards on 

CABG mortality. In addition, this study uses universe of patient-level data of four policy 

States and three non-policy States for studying the impact on mortality. Finally, this study 

uses four policy States and two comparison States to analyze the impact of report cards 

on market share and annual CABG volume of hospitals and surgeons. The study has 

adequate power to detect statistical differences in the CABG mortality rates across policy 

and non-policy States in the State-level HCUPnet data.  

 

Use of HCUP data for this kind of study is a novel feature of this study. I have 

used two different data sets of the HCUP family for studying the impact on CABG 

mortality. The first is State-level HCUPnet data that gives in-hospital mortality rates for 
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CABG and pneumonectomy procedures for multiple States and multiple years. The State-

years covered under different analyses range in this data between 143 and 171.  The 

second HCUP dataset comes from State Inpatient Databases (SIDs) comprising patient 

level data. This data strategy offered two advantages: (1) I was able to carry out risk-

adjustment in the patient level data, and (ii) I was able to compare and cross-check the 

results of the two CABG mortality analyses. The results obtained from the mortality 

analysis of HCUPnet State-level data were mirrored in the results obtained from the 

mortality analysis of HCUP patient-level data.  

 

Past studies are in the nature of pre-post or before and after studies with a few 

exceptions that are in the nature of an experiment or a quasi-experiment. This is a quasi-

experimental study that sets up a natural experiment in the data. This is one of few 

studies to investigate the impact of voluntary variant of the CABG report card initiatives. 

I also separately examined the impact of hospital-only report cards as opposed to hospital 

and surgeon report cards.  Thus, all different variants of report cards were included in this 

study.  

 

The testing of the impact of CABG report cards on CABG mortality over a long 

term is an original contribution of this study. This study adds to what has been done 

before by extending it to several different States and time periods, uses HCUP data that 

has never been used in the context of CABG report cards, and uses DDD analysis that has 

never been used in the context of CABG report cards and thus expands the empirical 

evidence.  



124 

 

Impact on In-Hospital CABG Mortality 

Overall findings. Using a difference in differences in differences (DDD) strategy 

and OLS regression, I find no impact of CABG report cards on CABG mortality. The 

policy States and the non-policy States are similar in terms of CABG mortality at 

baseline. There is a strong secular and statistically as well as clinically significant trend 

of decrease in CABG mortality rates. These results persist when OLS with random 

effects, FGLS and GMM are serially used. Since a long time series of data is used, there 

is a significant probability of serial correlation of regression errors. FGLS and GMM 

were used for the reason of serial correlation of regression errors and they yielded similar 

results. The results are similar when the patient-level data with risk-adjustment and 

HCUPnet State level data are separately used.   

 

The hospital-only report cards and hospital and surgeon report cards when 

analyzed separately both do not show any impact on CABG mortality. Similarly, State-

mandated report cards and provider-sponsored report cards when analyzed separately do 

not show any impact on CABG mortality in both State level and patient level data sets.  

 

Comparison with findings in past studies. Whether the CABG report cards have 

improved the mortality outcome of CABG surgery is the fundamental question. Hannan 

et al. (1994) studied all patients undergoing isolated CABG surgery who were discharged 

between 1989 and 1992 from New York hospitals where the procedure was performed. 

They reported 21% decrease in mortality during the study period. Hannan and colleagues 

found decrease in risk-adjusted mortality was far higher than the national average, which 
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was later confirmed by Peterson et al. (1998) who further reported the only other area 

with similar figures was northern New England, where provider profiles were provided 

for internal use but not for publication. These were before and after studies of CABG 

mortality rate in New York State with national or regional trend as a comparison 

spanning 4-5 years. Subsequent studies had found an exodus of low volume and high 

mortality surgeons from the State, a marked improvement in the performance of non-low 

volume surgeons and improvement of surgeons new to the system; and these were among 

the explanations offered for improvements in CABG mortality.  

 

In their systematic review of literature, Marshall et al. (2001) concluded the effect 

of public reporting on effectiveness remained uncertain and inconclusive. Epstein (2006) 

in his review of literature noted that there was no rigorous evidence on the causal impact 

of CABG report cards. Fung et al. (2008) in a subsequent systematic review of literature 

concluded that the effect of public reporting on outcomes provided mixed signals. In the 

instant study, I find clear evidence that public reporting of CABG outcomes on long term 

basis for over two decades did not result in statistically significant differences in the 

CABG mortality rates between report card and non-report card States.  

 

Totten et al. (2012) in their systematic review of evidence on public reporting of 

quality carried out for AHRQ have reviewed the evidence from 1980 to 2011 covering 

the entire contemporary history of public reporting. They found public reporting was 

associated with a small decline in mortality after controlling for trends in reductions in 

mortality. They reviewed all 19 available studies where mortality was an outcome of 
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interest. Mortality was often the focus in studies of hospitals and was also the primary 

outcome in one study of individual providers. Most of the studies they found reported a 

decrease in mortality, though these results were not uniformly consistent and they had 

many concerns about the appropriateness of the comparisons in terms of both groups and 

risk adjustment methods.  

 

In eight studies (Hannan et al., 1994; Cutler et al., 2004; Jha & Epstein, 2006; 

Peterson et al., 1998; Carey et al., 2006; Bridgewater et al., 2007; Hannan et al., 2003), 

Totten et al. (2012) found that mortality tended to decrease over time with public 

reporting about cardiac procedures. This finding was not consistent with four other 

studies finding no difference in mortality associated with public reporting (Moscucci et 

al., 2005; Romano et al., 2011; Guru et al., 2006; Ghali et al., 1997). Surgeon-specific 

mortality rates for coronary artery bypass graft (CABG) in New York State declined after 

rates were publicly reported (Hannan et al., 1994).  

 

What explains the findings? In the present study, CABG report cards after 

implementation for two decades do not seem to have made any impact on the CABG in-

hospital mortality rate. Report card States do not seem any better than non-report card 

States in terms of CABG mortality for many reasons. Several factors explain this study’s 

findings on mortality. 

 

Firstly, there is improvement in mortality rates across the board in various 

invasive surgeries. Quality of surgery is improving. Overall quality of pre-operative care, 
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quality of surgery and anesthesia, quality of post-surgical care - all improved in these two 

decades and continue to improve. Secondly, around the same time when the CABG 

report card initiative first began, the Society of Thoracic Surgeons (STS) started its 

registry which has steadily progressed over time, and now covers 95% cardiac surgery 

centers in the country over the past two decades. The STS initiative gave a boost to 

quality improvement in report card States as well as non-report card States.  

 

Thirdly, spillover of report card effects is a strong possibility. Report card States 

were similar to non-report card States in this analysis in the pre-policy period in terms of 

CABG mortality rate. Over two decades both report card States and non-report card 

States have made progress, and eventually they look similar in terms of CABG mortality. 

There is a strong possibility of spillover effects from the policy States to the non-policy 

States.  

 

Researchers have found beneficial effects of repot card in terms of improvement 

in mortality in shorter term. For example, Cutler et al. (2004) found impact in shorter 

term. They found identification as a high-mortality hospital is associated with improved 

future performance. They report hospitals that are publicly identified as being low quality 

showed a decline of 1.2 percentage points in risk-adjusted mortality (significant at the 1 

percent level) during the first 12 months after an initial report. This decrease remained for 

the three years following the report. Based on 9 years of data, with less confounding from 

changes in risk factor coding, Cutler et al. (2004) have thus documented an absolute 
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decrease of 1.2 percentage points in risk-adjusted mortality at high-mortality outliers, 

which persisted for up to 3 years, versus no significant change at low-mortality outliers.  

 

Report cards appear to have made a contribution in the short term. Many other 

studies in published literature described above have also found positive impact of report 

cards on CABG mortality in the short term. It is possible that in the long run there were 

spillovers from the report card States to non-report card States. It is probable that the non-

report card States caught up with the report card States in terms of CABG mortality rates 

in the long run by improving the quality of CABG surgery as a result of spillover effects. 

The report cards started an initial wave of energy, interest and enthusiasm in favor of 

quality of cardiac surgery. Media and peer-reviewed publications had taken a prominent 

notice. This could have inspired the providers in non-report card States to improve and 

contribute to a rising tide of quality that has lifted all boats in the long run. 

 

CABG surgery has fared better than other complex surgeries in terms of 

improvements in in-hospital mortality over time. Based on my analysis of national 

estimates from HCUP Nationwide Inpatient Sample (NIS), I find that CABG shows a 

steeper (30% higher) improvement when compared to pneumonectomy in terms of in-

hospital mortality during the period 1993-2010. I also find CABG shows 17% steeper 

decline in in-hospital mortality rate during period 1993-2010 when compared to average 

of four complex surgical procedures i.e. esophageal resection, pancreatic resection, 

craniotomy procedure and abdominal aorta aneurysm repair. In addition, the 
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improvement in CABG in-hospital mortality is steadier and evener than the 

improvements in in-hospital mortality of these four complex surgical procedures.  

 

A host of initiatives could explain higher improvements in CABG in-hospital 

mortality. A combination of the regional and national system interventions (development 

and widespread adoption of the Society of Thoracic Surgeons National Adult Cardiac 

Surgery Database, the Northern New England Consortium, and other regional databases 

like the New York State cardiac surgical registry, Michigan STS, and Virginia Cardiac 

Surgery Quality Initiative), widespread process improvement (for example, preoperative 

beta-blockade and internal mammary artery grafting) and State CABG report cards have 

contributed to the rising tide of quality in CABG surgery (Ferguson, 2012). This rising 

tide of quality in CABG surgery may explain why mortality declined more steeply in case 

of CABG surgery when compared to the pace of decline in mortalities of various other 

complex surgical procedures. For future research, this study generates a hypothesis that 

the national (STS), regional (as listed above) and State interventions in CABG quality 

improvement have created a perfect storm that has generated a tide of CABG quality that 

has lifted all boats and benefitted all the States.  
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Impact on CABG Volume and Market Share 

Overall findings. Past studies have examined changes in volume of a better than 

average, average, or worse than average performing provider. Few of the past studies 

have looked at what happened to provider volume on average and in aggregate in report 

card States versus provider volume in non-report card States.  I have examined both using 

a difference-in-differences strategy. 

 

Impact on overall CABG volume. CABG volumes are decreasing over the years 

and CABG is facing a declining market. Policy States started with broadly similar 

hospital and surgeon CABG volumes as non-policy States. At the baseline, i.e. during the 

early 1990s the hospital CABG volumes in policy States were similar to hospital CABG 

volumes in non-policy States. Surgeon volumes at the baseline were marginally higher in 

policy States i.e. by 6 CABG surgeries in a year when compared to that in non-policy 

States. This difference is less than 5% of the average annual volume and is not clinically 

significant in terms of its size. Using difference in differences (DD) strategy, I find that 

the CABG report cards were associated with a decrease in hospital and surgeon CABG 

volumes. CABG report card policy was associated with decrease in annual hospital 

volume by 152 and decrease in annual surgeon volume by 14 CABG surgeries in a year. 

This amounts to about a 25% decrease in the annual hospital volumes from the baseline 

and about 9% decrease in the annual surgeon volumes from the baseline in the policy 

States. The effect size is clinically and economically significant. This is overall reduction 

in the CABG volume i.e. on average reduction in the volume of a hospital or a surgeon in 

a policy State.  



131 

 

Impact on market share and volume of average and high quality providers. 

There is a secular trend of increasing market share of average mortality hospitals and 

surgeons, which should be seen as a combination of regression to the mean and a true 

increase in the market share of the average mortality hospitals and providers. More 

importantly, as seen from the result of difference-in-differences analysis the report cards 

are associated with decrease in the market share of the average mortality hospitals and 

surgeons and increase in the market share of low mortality hospitals and surgeons. This 

association of the CABG report cards with increase in the market share of low mortality 

hospitals and surgeons is statistically and clinically significant.  

 

Average mortality hospitals are gaining 11% in market share as a secular trend 

and low mortality hospitals are facing a decline of 9% in market share again as a secular 

trend. In the face of this secular trend, the report cards have been associated with a 

decline in market share of 8% for average mortality hospitals and a gain of 6% in market 

share for low mortality hospitals. 

 

In case of surgeons, average mortality surgeons are gaining 30% in market share 

as a secular trend and low mortality surgeons are losing 20% market share again as a 

secular trend. At the same time in the face of this secular trend, the report cards have 

been associated with a decline in market share of 17% for average mortality surgeons and 

a gain of 5% in market share for low mortality surgeons. 
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CABG report cards are associated with decline in volume of average mortality 

hospitals and surgeons. No statistical association is seen with change in volumes of low 

mortality providers. These findings are consistent with findings on report card association 

with changes in market share by provider quality rating. 

 

Impact on market share and volume of low quality providers. High mortality 

hospitals as a group had a miniscule market share (0.25%) in the pre period and also in 

the post period (0.58%). There is a secular trend of decline in the market share of high 

mortality hospitals. The CABG report cards have been associated with a marginal 

increase in already very low market share (less than 1%) of high mortality hospitals (by 

2.2%) and with an increase in the volume of high mortality hospitals by 117. Whereas in 

relation to high mortality surgeons, the report cards did not have any impact on the 

market share of high mortality surgeons relative to the market share of low mortality and 

average mortality surgeons, or on the volume of high mortality surgeons. The decrease in 

market share of high mortality surgeons as a group from 5.6% to 3.5% is a secular trend. 

 

Relationship between volume and market share in this study. This study 

classifies hospitals and surgeons into three categories i.e. average mortality, high 

mortality and low mortality surgeons; and analyzes the volume and market share of the 

providers in these three categories. Average volume in a category multiplied by number 

of providers in that category should give total number of CABG surgeries performed by 

the providers in that category. Relative market share of this category can be computed 

when the total number of CABG surgeries performed by all providers in the State is 
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known. Volume and market share are related variables in this study. For example, 

(Market share of average mortality surgeons in the State) *(Total number of CABGs in a 

year in the State) = (Number of average mortality surgeons in the State) * (Average 

volume of average mortality surgeons in the State) 

 

In this study, because of coding scheme of HCUP data, I am not able to get the 

number of surgeons in pre-period or in the post-period. The scheme of encryption of 

surgeon identifiers changes across years and across States and in some instances across 

hospitals in respect of surgeons. This makes tracking of a surgeon impossible across the 

years or even in the same year. This is especially the case in respect of surgeons than 

hospitals in the data. It is a limitation of the data that the number of surgeons is not 

available. Therefore, I am not able to cross-check the effect on volume with the effect on 

market share of the surgeons in three categories because the number of surgeons in the 

two time periods is not known.  

 

Comparison with findings in past studies. In the instant analysis spanning two 

decades and four policy States and two non-policy States, I find a statistically significant 

and also clinically significant association of CABG report cards with reduction in annual 

CABG volume of a hospital and a surgeon in a policy State regardless of performance 

category of a provider. Hospitals and surgeons in report card States at baseline had 

broadly similar volumes to that in non-report card States.  The report cards were 

associated with a reduction in these volumes during the study period i.e. from 1990 to 

2009. In respect of report card impact on providers in different performance categories, I 
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found that the report cards are associated with decrease in the market share of the average 

mortality hospitals and surgeons and increase in the market share of low mortality 

hospitals and surgeons. 

 

Earlier research on the effect of CABG report cards on provider volumes in 

different performance categories generally finds that the effect has been small. A number 

of studies failed to find a change in CABG volumes for hospitals and surgeons, while a 

number of studies have detected that report cards were associated with small but 

statistically significant changes in market share or volume in different performance 

categories. The first edition of Pennsylvania report card appeared to shift CABG volumes 

away from high mortality hospitals and towards low mortality hospitals but the change 

was not statistically significant. These studies span a few years or a few editions of a 

CABG report in a state.  

 

Totten et al. (2012) after systematic review of literature of past three decades 

record three salient findings on the impact of report cards on volume, market share and 

choice of providers. 1) Studies have found no or minimal impact of public reporting on 

selection as measured by market share or volume. Purchasers give only minimal 

consideration to publicly reported quality when selecting providers. Public reports seem 

to have little to no impact on selection of providers by patients and families or their 

representatives. When an effect was found it was for a subgroup of patients e.g. younger 

more educated patients. 2) Studies have also found that public reporting is more likely to 

result in improvements in quality if the clinician or provider is in a competitive market. 3) 
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The likelihood of improvement after public reporting was greater for entities with lower 

quality before or at the first instance of reporting.  

 

In the past studies, public reporting of CABG outcomes had no impact on hospital 

volume or market share in four studies (Hannan et al., 1994; Jha & Epstein, 2006; 

Foreman et al., 1995; Wang et al., 2011). In five studies where there was some impact on 

market share, the effect was small or did not persist over time (Cutler et al., 2004; 

Romano et al., 2011; Mukamel & Mushlin, 1998; Romano & Zhou, 2004; Dranove & 

Sfekas, 2008). 

 

Results varied across studies in the hospital setting reviewed by Totten et al. 

(2012). In hospital setting, three (Vladeck et al., 1988; Mennemeyer et al., 1997; Howard 

& Kaplan, 2006) of the six studies on patient behavior reported findings on patient 

choice. Two (Vladeck et al., 1988; Howard & Kaplan, 2006) studies reported little to no 

effect whereas one (Mennemeyer et al., 1997) reported increased discharge rates in public 

reporting hospitals. The other three (Baker et al., 2003; Wübker, Auerland, & Wübker, 

2008; Pope, 2009) studies reported on market share and volume as measures that 

represent patient choice. All three studies reported small decreases in market share for 

lower rated hospitals or hospitals that did not participate in public reporting. 

 

Results also varied across studies in respect of individual clinicians reviewed by 

Totten et al. (2012). Three studies of CABG report cards reported no effect of public 

reporting on referral patterns, market share, or surgeon volume (Hannan et al., 1994; Jha 
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& Epstein, 2006; Epstein, 2010). Three studies reported that market share or probability 

of selection increased for higher-quality clinicians or clinics after the data were publicly 

reported (Mukamel & Mushlin, 1998; Bundorf et al., 2009; Mukamel et al., 2004). One 

study found that public reports led to decreases in volume for poor performing and 

unrated surgeons, but that there was no corresponding increase for high performing 

surgeons (Wang et al., 2011). 

 

What explains the findings? In the current study, I have found two very 

significant impacts of CABG report cards. Firstly, I find that the CABG report cards were 

independently associated with decrease in hospital and surgeon CABG volumes which 

essentially means decrease in CABG volume in a report card State. Secondly, the report 

cards are associated with decrease in the market share of the average mortality hospitals 

and surgeons and increase in the market share of low mortality hospitals and surgeons. 

Both these findings are statistically and clinically highly significant.  

 

I start with interpretation of the report card impact on overall volume of CABG 

independent of secular trend of declining CABGs.  At this time, practice of medicine is 

often criticized for favoring procedures resulting in unnecessary interventions at least for 

some patients. This is widely perceived as the culture of medicine today. There is a bias 

towards intervention. Both doctors and patients like to try an intervention if there is a 

chance that it will help. In his book, Broken Hearts: The Tangled History of Cardiac 

Care, David S. Jones, professor of the culture of medicine at Harvard, narrates in detail 
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the bias towards intervention in CABG and angioplasty. He draws following conclusion 

(Park, 2013, p. 25, 29): 

Doctors generate better knowledge of efficacy than of risk, and this skews 

decision making…..They design treatments to do something specific, and design 

studies to see if those treatments achieved those outcomes; and so accumulate lots 

of data on whether treatments produce the desired effects. Capturing good 

knowledge of side effects, especially the unanticipated ones that are so common, 

is both less interesting and more difficult. Whenever doctors have more thorough 

knowledge of the possible benefits of a treatment than they do of its potential 

risks, patients and doctors will lean towards intervention.” 

 

Instead of trying to stent every possible lesion, we need to realize that there are 

certain risks—small plaques—and that we cannot manage them all with stents or 

bypass. We need interventions, especially lifestyle changes or medications, that 

address the causes of atherosclerosis, and not just the largest plaques. And we 

need to accept that there are some large plaques that might not need intervention. 

What we really need to do, if we want to change the way we make decisions 

about these procedures, is to change both the culture among physicians and the 

culture among patients so that they accept a slight increase in risk tolerance. 

 

It appears the report cards are associated with change in this culture of medicine 

biased in favor of interventions and procedures.  CABG report cards independent of 

secular trend of declining number of CABGs are associated with fewer CABGs in the 

report card States. Being an outlier or fear of being a low outlier or desire to be a high 

outlier are powerful motivators for a surgeon and a hospital (Hannan et al., 2012). 

Surgeons, when subjected to public reporting, have to weigh the risk of performing the 

procedure and becoming a low outlier against the risk of following a conservative 

treatment that does not include the intervention or the procedure. The report cards seem 

to be making the default option of favoring procedure riskier because it involves the risk 

of being labeled a low outlier if more and more procedures are performed only because 

they may help in some way. 
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Let us now turn to the impact of CABG report cards on market share of the 

average mortality and low mortality providers. 

 

Hannan et al. (2012), on reviewing 20 years’ experience of New York’s Cardiac 

Registries that has spawned many of the past studies on market share and volume clearly 

record that the evidence on market share is dated and ambivalent. Having analyzed the 

data for 1991 through 1999 from Cardiac Surgery Reporting System (CSRS) in New 

York State, Cutler et al. (2004) found that the public release of quality information has 

had an impact on both the volume of cases and future quality at hospitals identified as 

poor performers. With respect to procedural volume, low performing hospitals had lost 

patients to competing facilities. Cutler et al. found about a 10% loss of volume limited to 

low-severity patients in the first 12 months after high-mortality outlier designation, but 

no gain in volume after low-mortality outlier designation. In my study spanning two 

decades, I find gain in market share of low-mortality outliers.  

 

There are four other studies where CABG report cards had an impact on market 

share (Romano et al., 2011; Mukamel & Mushlin, 1998; Romano & Zhou, 2004; 

Dranove & Sfekas, 2008) yet there are four others that did not find any impact. Romano 

et al. (2011) in a study of California’s CABG report cards found low-mortality outliers 

experienced a significant increase in adjusted mean market share. This change 

represented an 11.1% unadjusted and an 8.9% adjusted relative increase over their mean 

pre-report market share. High-mortality outliers experienced a non-significant 0.031% 

decrease in adjusted mean market share, which represented a 5.0% adjusted relative 
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decrease from their pre-report mean market share. My findings in respect of low 

mortality hospitals are similar in direction albeit slightly lower in magnitude. I find a gain 

of 6% in market share for low mortality hospitals. I also find a gain of 5% in market 

share for low mortality surgeons. 

 

I find CABG report cards have been driving patients to low mortality i.e. high 

performing providers (hospitals and surgeons) from the competing providers i.e. average 

mortality providers (hospitals and surgeons). This is one of the two classic mechanisms 

of action of a report card in the conceptual framework presented in this paper. We expect 

public reporting to increase the likelihood of patients selecting high-quality providers. 

That appears to be happening over a long term.  

 

Where do we go from here? In-hospital mortality is perhaps the most significant 

albeit crude indicator of the quality of CABG surgery. There are other indicators of 

CABG surgery quality such as complication rate, 30-day mortality, 1-year and 5-year 

survival, revascularization rate, patient satisfaction, though appropriate and more relevant 

as CABG mortality keeps decreasing every year. These have not been adequately studied 

in the context of report card impact on CABG quality mainly because of lack of data for 

conduct of such a study.  

 

This study detects no impact of report cards on CABG mortality in State. This 

should not be interpreted to mean that the report cards do not add any value. Report cards 

do have benefits. In their systematic review, Totten et al. (2012) report most of the 19 
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studies found that public reporting is associated with improvement in quality and process 

indicators (e.g., CAHPS, HEDIS, Nursing Home Compare). The strength of evidence is 

high on this dimension. Seven studies evaluated the effect of regional public reporting 

efforts on hospital quality. Two evaluations of QualityCounts (Hibbard et al., 2003; 

Hibbard et al., 2005) in Wisconsin found significant effect on quality. One (Rosenthal, 

Quinn, & Harper, 1997) earlier study of the Cleveland Health Quality Choice Program 

had showed an effect of public reporting. Four (Longo et al., 1997; Shabino & 

Richardson, 2006; Lipley, 2009; Hollenbeak et al., 2008) studies evaluated State level 

public reporting efforts. They all showed slight improvement in quality in hospitals. 

Three (Werner & Bradlow, 2010; Elliott et al., 2010; Jang et al., 2010) studies were about 

national level public reports and they all reported slight improvement in quality in 

hospitals. 

 

One would expect that the improvements in care processes should lead to 

reduction in mortality. It is probable that CABG report cards did lead to decline in CABG 

mortality and the process improvements spilled into non-report card States and as a 

result, this study is not able to detect an impact. For this reason, the public reporting of 

health care quality should continue. 

 

Do no harm is one of the cardinal principles of medicine. Report cards can cause 

harm.
6
 Because of likelihood of harms, exercise of caution is necessary while introducing 

or continuing report card programs.  Hannan et al. on reviewing 20 years of experience of 

the New York State Cardiac Registries have suggested two cautions: 1) it is critically 
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important to assure the completeness and accuracy of the data being used because the 

reports can impact quality of patient care as well as the success and profitability of 

healthcare providers; and 2) the acceptance and use of the reports is dependent on the 

manner in which they are presented to providers and the public, and the degree to which 

these constituencies are part of the process of developing the reports. 

 

Limitations  

I used difference-in-differences (DD) strategy for my mortality, volume and 

market share analysis. DD method has shortcomings i.e. possible endogeneity of the 

interventions themselves, issues relating to the standard error of the estimate, and 

requirement of a parallel trend assumption (Epstein, 2010). Moreover, effects identified 

by DD may not have a causal interpretation if the policy change occurred in a jurisdiction 

that derives unusual benefits from the policy change (Besley & Case, 2000). The 

simplicity of the difference-in-differences method comes at a price in terms of 

assumptions - the crucial identifying assumption to obtain impact estimates is that the 

counterfactual trend is the same for treated and non-treated units. This assumption can 

only be tested, if more data are available. I tried to overcome the requirement of a parallel 

trend assumption in my mortality analysis by setting up a series of DDD analyses and 

using multiple control States.  

 

Whatever happened to the control group over time is what would have happened 

to the treated group in the absence of the program is the identifying assumption we make 

in difference-in-differences methodology. This identifying assumption is relatively strong 
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and tends to overlook all other possible differences between the groups that could have 

led to the observed outcomes. DD attributes any differences in trends between the 

treatment and control groups that occur at the same time as the intervention, to that 

intervention. If there are other factors that affect the difference in trends between the two 

groups, then the estimation becomes biased.  

 

The weaknesses of difference-in-differences methodology can be partially 

overcome by using different techniques of which I used the difference-in-differences-in-

differences (DDD). There are many other techniques. We can examine whether there was 

parallel trend in pre-report card years in the treatment versus control states provided data 

for many years (years -4, -3, -2, -1, etc) in pre-report card period is available. Use of 

propensity score matching in combination with DD is another option. Yet another way to 

test the assumption of equal trends would be to perform an additional difference-in-

differences estimation using a “fake” treatment State, that is, a State that did not have a 

report card program may be compared with another State that did not have a report card 

program. We can also set up multiple comparisons using multiple control States for a 

single treatment State. Of all these techniques, I have used DDD, and construction of 

“fake” treatment States for testing the results. I have also used large number of control 

States in my analysis using State level data. 

 

Perhaps a better solution is to compare 15 treatment States with 35 control States 

treating late 1980s as the pre period and the current years as the post period. Availability 

of data poses a challenge for such a study. HCUP data do not enable this sort of 
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comparison since not many States had any HCUP data before 1990. Use of the Society of 

Thoracic Surgeons (STS) Adult Cardiac Surgery Database may also not help for conduct 

of such a study. Even though the STS Adult Cardiac Surgery Database was established in 

late 1980s, it covered few CABG hospitals in its initial years and like HCUP data may 

not be useful in setting up such a long term comparison. We may have to continue to rely 

on available datasets and quasi-experimental methods to isolate the effect of CABG 

report cards unless randomized experiments are conducted for this purpose. Table 43 

highlights the limitations of the study. 

Table 43: Limitations of the Study 

Study limitations 

1. Shortcomings of diff-in-diff  

a. Possible endogeneity of the interventions themselves,  

b. Issues relating to the standard error of the estimate, and  

c. Requirement of a parallel trend assumption 

 Use multiple States as controls  

 Use multiple time periods 

2. Use of in-hospital mortality as outcome variable as opposed to 30-day mortality 

 

I use in-hospital mortality as my outcome variable whereas the report cards in 

general use 30-day mortality regardless of cause as their outcome variable. This is mainly 

because of constraints of my data. HCUP data represent discharges and not patients. 

HCUP does not identify patients so linking HCUP records to mortality records is not 

possible. HCUP recently has come up with a way of carrying out revisit analyses in a 

year. This is available only for recent years and select States, and cannot be done across 

years. Hence I’m not able to use revisit analyses and in turn 30-day mortality in my 

research. I cannot use the process measures such as preoperative medication, discharge 

medication, use of internal mammary artery, etc. because these variables are not available 

in HCUP data. Similarly, I cannot use more meaningful outcome measures such as 
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complication rate, patient satisfaction, 1-year and 5-year survival, revascularization rate 

though appropriate and more relevant as CABG mortality keeps going down every year,  

again because these variables are not available in HCUP data. 

 

Measurement and Data Challenges  

Surgeons are de-identified (they have encrypted IDs) in HCUP data and hence 

cannot be linked to the AMA Physician Masterfile and in turn to real world report cards. 

Hence I use performance rating of a surgeon or hospital in the year as a proxy for their 

report card rating in my analysis. New York has been publicly reporting hospital and 

surgeon performance every year for nearly 20 years now and New Jersey for more than 

15 years, and I use their method for construction of a simulated report card. I expect the 

performance rating in the card to be close to simulated performance rating. I would like 

to test this for a number of years in New Jersey and New York by comparing simulated 

versus real world rating. However, it is not possible because surgeons are de-identified in 

data. 

 

States and HCUP have changed the format of the surgeon identifiers or the 

algorithm for creating a masked surgeon number. HCUP changed the encryption 

algorithm in 2003 and hence a surgeon cannot be tracked before and after 2003. In 

addition different States have different encryption algorithms and protocols and the States 

have changed the algorithm over years. This creates challenges in tracking a surgeon 

across years in a State and constrains the choice of years and States in setting up panel 

data across years. Missing data on encrypted surgeon IDs are another challenge. 
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Percentage of missing data varies from State to State and year to year. Missing data 

reduce the sample size and if the data are not missing at random, they potentially bias the 

results. Table 44 identifies the strengths and weaknesses of the HCUP State Inpatient 

Databases. 

Table 44: Strengths and Weaknesses of the HCUP State Inpatient Databases 

HCUP State Inpatient Databases 

Strengths Weaknesses 

1. The universe (95%) of the 

CABG discharges 

 

2. Clinical information 

included in a typical 

discharge abstract is 

available 

 

3. Availability of data of 20 

years for some of the 

participating States  

1. Surgeons are de-identified 

2. Changes in encryption algorithm does not allow tracking 

of a surgeon across years 

3. Availability of data elements varies by year and by state 

4. Constrained choice of states 

5. Information on severity of a patient’s disease not 

available 

6. 30-day mortality cannot be tracked 

7. Changes over time create challenges for setting up a long 

time series i.e. two or more decades 

8. High cost 

 

Past two decades is the period of interest in this study. Forty-four States 

participate in HCUP as of today, but only 27 States make data available through the 

HCUP which are uniformly coded and can be used for State to State comparison. Out of 

these, just 11 States participated in 1990s and only 8 of them (AZ, CO, FL, IA, MD, NJ, 

NY and WA) give encrypted surgeon IDs which is an important variable in this study. No 

surgeon level analysis can be done without at least an encrypted surgeon ID. This again 

constrains my choice of control States. Constrained choice of States in turn constrains the 

external validity of the study. Comparison of 15 public reporting states with 35 non-

reporting States could make the results generalizable to the country as a whole. This 

cannot be done because of data unavailability. Availability of data elements varies by 

year and by State. This creates data challenges for setting up such a grand study design.  
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The HCUP data do not contain information on severity of a patient’s coronary 

artery disease as clinical variables such as ejection fraction of the left ventricle, extent of 

disease (1-vessel, 2-vessel, 3-vessel), etc. are not available in the data. Hence I’m not 

able to use these variables in my risk-adjustment model. Nor can I stratify my analysis by 

severity of preoperative illness.  

 

The cost of data acquisition is a challenge. The price of HCUP data varies from 

State to State and ranges from $35 for a year (Maryland and Arizona), $255-$515 for a 

year in Colorado, $735 for a year in New York to $1135 for a year in Iowa. Total cost of 

acquisition of HCUP state inpatient data for conducting all the components this study is 

around $11,500. 

 

All the HCUP State Inpatient Databases available are as follows: Arizona 21 

years, Arkansas 8 years, California 9 years, Colorado 21years, Florida 21 years, Iowa 21 

years, Kentucky 11 years, Maryland 21 years, Massachusetts 21 years, Maine 11 years, 

Michigan 12 years, Nebraska 10 years, Nevada 9 years, New Jersey 21 years, New York 

21 years, North Carolina 12 years, Oregon 13 years, Rhode Island 9 years, South 

Carolina 14 years and South Dakota 4 years. Ideally in my patient level analysis, I should 

be using all these State-years of data. I am not able to do so because of exorbitant data 

cost. Buying these many state-years of HCUP SIDs will cost me approximately 

$170,000. I cannot afford this cost at this time and hence, I use HCUPnet data instead 

which is available for free and for a larger number of years. The minus side is I cannot do 

patient level risk adjustment in HCUPnet data. 



147 

 

Policy Implications 

 

There is a growing movement for transparency in health care sector and it is 

expected to grow. Health care report cards abound and two hundred and twenty one are 

listed on the Agency for Healthcare Research and Quality’s Talking Quality site. Other 

dimensions of transparency, for example, price transparency, are also becoming salient 

with time. Recently, the federal government has released the prices that hospitals charge 

for the 100 most common inpatient procedures. Implementation of Affordable Care Act 

has accelerated the momentum on transparency in health care. The Affordable Care Act 

extends public reporting of health care quality to almost all care settings. It extends 

public reporting to Medicare-participating long-term care hospitals, inpatient 

rehabilitation hospital programs, hospice programs, cancer hospitals, skilled nursing 

facilities, home health agencies, ambulatory surgical centers, psychiatric hospitals, and 

conditions acquired in hospitals. It expands physician compare and nursing home 

compare initiatives, intends publication of information on clinical conditions that is 

provider-specific and sufficiently disaggregated and specific to meet the needs of patients 

with different clinical conditions, and mandates the HHS Secretary to establish a strategic 

framework for performance information reporting. 

 

Public reporting is expected to improve health care quality in two ways. First, 

public reporting may motivate improvements in the quality of individual providers, 

increasing provider-specific quality of care through intrinsic motivation of the providers. 

Second, it may increase the likelihood that patients select high-quality providers, thus 
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increasing the number of patients receiving high-quality care. At this time, there is 

theoretical basis for public reporting of quality. What we lack is empirical evidence that 

clearly and conclusively binds the improvements in health care quality to its public 

reporting. To that extent, these initiatives today are grounded more in theory than backed 

by empirical research.  

 

Coronary Artery Bypass Graft Surgery was an early setting for report cards due to 

its high cost, and, at that time, high frequency and high rate of negative outcomes. New 

York State pioneered reporting of cardiac surgery outcomes in 1991. Public reporting of 

CABG outcomes was mandated by State legislature in New York followed by 

Pennsylvania, New Jersey, Massachusetts, California and Florida. Reporting is done at 

hospital level or at both hospital and surgeon levels. NY, PA, NJ, CA and MA publish 

hospital and surgeon report cards whereas FL reports hospital outcomes of select 

procedures including CABG. Report cards can be a voluntary initiative, for example, 

physicians in Washington came together and have been reporting cardiac care outcomes. 

The Society of Thoracic Surgeons (STS) established its cardiac surgery quality 

improvement initiative around the same time when the State CABG report cards had 

begun, and lately i.e. beginning 2010, STS is publishing CABG composite scores of 

consenting participant centers. Also lately, eight more States (CO, IL, KY, MN, TN, TX, 

VA, and WI) have been publicly reporting hospital outcomes which include CABG 

mortality.  
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Empirical evidence on impact of CABG report cards on the quality of CABG 

surgery is patchy, mixed and mainly comes from uncontrolled and short term studies. 

Previous studies have reported that CABG report cards are associated with a small 

decline in mortality after controlling for an overall declining trend, however, whether 

report card publication has caused this decline is not known. In the present study, I have 

used difference-in-differences and difference-in-differences-in-differences with fixed and 

random effects in various regression frameworks in a natural experiment set up in State-

level and patient-level Healthcare Cost and Utilization Project (HCUP) data with risk-

adjustment to assess long term impact of CABG report cards on CABG mortality and 

hospital and surgeon market share and volume. This study uses counterfactuals, and 

multiple States as treatment and control States.  It is the first to assess impact of report 

cards over two decades. All the four census regions of the United States are represented 

in the study. 

 

In the study, CABG shows steadier and 17% steeper decline in in-hospital 

mortality rate when compared with other equally complex surgeries, and 30% steeper 

improvement when compared with pneumonectomy or lung resection surgery. States 

with and without CABG report cards were similar in terms of CABG mortality at 

baseline. There is a strong secular and statistically significant trend of decrease in CABG 

mortality. We do we not see any statistically significant long term impact of CABG 

report cards, State-mandated or voluntary, on CABG in-hospital mortality. Nevertheless, 

report cards have caused a gain in market share of 6% and 5% for low mortality hospitals 

and surgeons respectively in the face of a secular trend of rising market share of average 
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mortality hospitals and surgeons. CABG report card policy was also associated with 

decrease in hospital volume by 152 surgeries and decrease in surgeon volume by 14 

surgeries a year over and above the secular trend of declining CABG volumes.   

 

Concurrent STS cardiac surgery quality improvement and benchmarking initiative 

and spillover of effects across States may explain why we do not see impact of CABG 

report cards in long term on improvements in quality of CABG surgery. Nationwide STS 

initiative combined with regional initiatives and State CABG report cards appear to have 

created a perfect storm leading to a rising tide of CABG quality which has benefitted all 

States. It appears the report cards are associated with a change in today’s culture of 

medicine biased in favor of interventions and procedures.  

 

Though this study is not able to fill the gap in causal evidence on report cards 

reducing CABG mortality, it does provide reasons to continue with the CABG report 

cards. Firstly, the study provides a basis to hypothesize that the national, regional and 

State level interventions in CABG quality improvement have created a perfect storm that 

has generated a tide of CABG quality that has lifted all boats and benefitted patients in all 

the States. CABG in-hospital mortality has shown remarkable improvement nationwide. 

Secondly, the findings of this study on market share strongly suggest that the CABG 

report cards have been associated with increase in market share of low mortality 

providers. This is significant on two counts. First, there is a secular trend of regression to 

the mean i.e. increase in the market share of the average mortality providers. CABG 

report cards have been associated with increase in market share of low mortality 
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providers in the face of this secular trend. Second, this becomes all the more significant 

because the low mortality providers of today are far better in terms of CABG quality 

measured in terms of CABG mortality than CABG surgery low mortality providers 

twenty years ago.  

 

Thirdly, this study also finds that the CABG report cards were associated with 

decrease in the number of CABG surgeries independent of the overall secular trend of 

declining CABG. Report cards are associated with fewer CABG procedures. This means 

a change in today’s culture of medicine which favors procedures. Any change in culture 

at best is a difficult, gradual and slow enterprise. Change in culture of medicine is 

probably more difficult and slower. By lowering CABG volume, it appears CABG report 

cards have been associated with this change in culture of medicine over a long term.  

 

These are three strong reasons to continue with CABG report cards and by 

corollary, public reporting of health care quality. In addition, most of the studies in the 

published literature that have examined the relationship between public reporting and 

process indicators found that public reporting is associated with improvement in the 

process indicators. The strength of empirical evidence is high on this count. If report 

cards are improving care processes, these improvements in care should be expected to 

translate into improved health outcomes.  

 

Based on the findings of this methodologically rigorous evaluation of a major 

program of public reporting of outcomes being implemented now for more than two 
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decades in multiple States, I recommend continued risk-adjusted reporting of health care 

outcomes in general and cardiac surgery outcomes in particular. In addition, this 

evaluation methodology will be useful for future evaluations of similar programs. 
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Appendix A 
Table A1: ACA Provisions on Public Reporting of Quality 

Citation Section 

 

Provision 

Title III, 

Subtitle 

A, Section 

3004(a) 

Quality Reporting 

for Long-Term 

Care Hospitals, 

Inpatient 

Rehabilitation 

Hospitals 

Programs 

Public Availability of Data Submitted: The Secretary shall establish procedures 

for making data submitted available to the public. Such procedures shall ensure 

that a long-term care hospital has the opportunity to review the data that is to 

be made public with respect to the hospital prior to such data being made public. 

The Secretary shall report quality measures that relate to services furnished in 

inpatient settings in long-term care hospitals on the Internet website of the 

Centers for Medicare & Medicaid Services. 

Title III, 

Subtitle 

A, Section 

3004(b) 

 

Quality Reporting 

for Hospice 

Programs 

Public Availability of Data Submitted: The Secretary shall establish procedures 

for making data submitted available to the public. Such procedures shall ensure 

that a hospice has the opportunity to review the data that is to be made public 

with respect to the hospice prior to such data being made public. The Secretary 

shall report quality measures that relate to hospice care furnished by hospice 

programs on the Internet website of the Centers for Medicare & Medicaid 

Services. 

Title III, 

Subtitle 

A, Section 

3005 

 

Quality Reporting 

for 

Prospective 

Payment System 

Exempt Cancer 

Hospitals 

Public Availability of Data Submitted: The Secretary shall establish procedures 

for making data submitted available to the public. Such procedures shall ensure 

that a cancer hospital has the opportunity to review the data that is to be made 

public with respect to the hospital prior to such data being made public. The 

Secretary shall report quality measures of process, structure, outcome, patients’ 

perspective on care, efficiency, and costs of care that relate to services furnished 

in such hospitals on the Internet website of the Centers for Medicare & 

Medicaid Services. 

Title III, 

Subtitle 

A, Section 

3006(a)(2) 

 

Plans for a Value-

Based 

Purchasing 

Program for 

Skilled Nursing 

Facilities  

Skilled Nursing Facilities, Details: In developing the plan, the Secretary shall 

consider the following issues: 1) the ongoing development, selection, and 

modification process for measures of quality and efficiency in skilled nursing 

facilities; 2) the reporting, collection, and validation of quality data; 3) the 

structure of value-based payment adjustments; 4) methods for the public 

disclosure of information on the performance of skilled nursing facilities; 

and 5) any other issues determined appropriate by the Secretary. 

Title III, 

Subtitle 

A, Section 

3006(b)(2) 

 

Plans for a Value-

Based 

Purchasing 

Program for 

Home Health 

Agencies 

Home Health Agencies, Details: In developing the plan the Secretary shall 

consider the following issues: 1) the ongoing development, selection, and 

modification process for measures; 2) the reporting, collection, and validation of 

quality data; 3) the structure of value-based payment adjustments; 4) methods 

for the public disclosure of information on the performance of home health 

agencies; and 5) any other issues determined appropriate by the Secretary. 

 

Title III, 

Subtitle 

A, Section 

3008(a) 

 

Payment 

Adjustment for 

Conditions 

Acquired in 

Hospitals 

Reporting Hospital Specific Information: The Secretary shall make information 

available to the public regarding hospital acquired conditions of each applicable 

hospital. The Secretary shall ensure that an applicable hospital has the 

opportunity to review and submit corrections for the information to be made 

public. Such information shall be posted on the Hospital Compare Internet 

website in an easily understandable format. 

Title III, 

Subtitle 

A, Section 

3014(b) 

Quality 

Measurement 

Public Availability of Measures Considered for Selection: Not later than 

December 1 of each year, beginning with 2011, the Secretary shall make 

available to the public a list of the quality measures that the Secretary is 

considering. 

Title X, 

Subtitle 

C, Section 

10301(a) 

 

Plans for a Value-

Based 

Purchasing 

Program for 

Ambulatory 

Surgical Centers 

 

Development of a Value-Based Purchasing Program: In developing a value-

based purchasing plan, the Secretary shall consult with relevant affected parties 

and shall consider: 1) the ongoing development of measures of quality and 

efficiency in ambulatory surgical centers (such as those under Sections 1890 and 

1890A of the Social Security Act (42 U.S.C. 1395aaa)); 2) the reporting, 

collection, and validation of quality data; 3) the structure of value-based 

payment adjustments (including the determination of thresholds or 

improvements in quality that would substantiate a payment adjustment and the 

size of such payments); and 4) methods for public disclosure of information 

on the performance of ambulatory surgical centers. 
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Title X, 

Subtitle 

C, Section 

10322(a) 

 

Quality Reporting 

for 

Psychiatric 

Hospitals 

 

Reduction in Prospective Payment for Failure to Report: Annually, beginning in 

2014, each psychiatric hospital and psychiatric unit shall submit certain quality 

data measures to the Secretary. If a psychiatric entity fails to submit this data in 

a given year, the Medicare program shall reduce the prospective payment made 

to the entity for that year by 2.0 percentage points. However, any reduction in 

payment in a given year shall not impact prospective payments made in 

subsequent years. 

Title X, 

Subtitle 

C, Section 

10322(a) 

 

Quality Reporting 

for 

Psychiatric 

Hospitals 

 

Quality Reporting for Psychiatric Hospitals: Annually, beginning in 2014, 

each psychiatric hospital and psychiatric unit shall submit certain quality data 

measures to the Secretary. Not later than October 1, 2012, the Secretary shall 

publish the quality measures which are required to be reported. In general, the 

Secretary shall select only those measures for quality reporting which have been 

endorsed by the entity contracted under Section 1890(a) of the Social Security 

Act (42 U.S.C. 1395aaa) (here, the Secretary shall identify and have in effect a 

contract with a consensus-based entity, such as the National Quality Forum, for 

the purpose of establishing and maintaining data measurement). The Secretary 

shall establish procedures for making this data available to the public.  

Title III, 

Subtitle 

A, Section 

3015 

 

Data Collection; 

Public 

Reporting 

In General: The Secretary shall collect and aggregate consistent data on quality 

and resource use measures from information systems used to support health care 

delivery to implement the public reporting of performance information, and 

may award grants or contracts for this purpose. The Secretary shall ensure that 

such collection, aggregation, and analysis systems span an increasingly broad 

range of patient populations, providers, and geographic areas over time. 

Title III, 

Subtitle 

A, Section 

3015 

Data Collection; 

Public 

Reporting 

Grants or Contracts for Data Collection, In General: The Secretary may award 

grants or contracts to eligible entities to support new, or improve existing, 

efforts to collect and aggregate quality and resource use measures. 

Title III, 

Subtitle 

A, Section 

3015 

 

Data Collection; 

Public 

Reporting 

 

Eligible Entities: To be eligible, an entity shall: 1) be a multi-stakeholder entity 

that coordinates the development of methods and implementation plans for the 

consistent reporting of summary quality and cost information, an entity capable 

of submitting such summary data for a particular population and providers, or a 

Federal Indian Health Service program or a health program operated by an 

Indian tribe; 2) promote the use of the systems that provide data to improve and 

coordinate patient care; 3) support the provision of timely, consistent quality and 

resource use information to health care providers, and other groups and 

organizations as appropriate, with an opportunity for providers to correct 

inaccurate measures; and 4) agree to report, as determined by the Secretary, 

measures on quality and resource use to the public in accordance with the 

public reporting process. 

Title III, 

Subtitle 

A, Section 

3015 

 

Data Collection; 

Public 

Reporting 

 

Public Reporting of Performance Information, Development of 

Performance Websites: The Secretary shall make available to the public, 

through standardized Internet websites, performance information summarizing 

data on quality measures. Such information shall be tailored to respond to the 

differing needs of hospitals and other institutional health care providers, 

physicians and other clinicians, patients, consumers, researchers, policymakers, 

states, and other stakeholders, as the Secretary may specify. 

Title III, 

Subtitle 

A, Section 

3015 

 

Data Collection; 

Public 

Reporting 

 

Public Reporting of Performance Information, Information on Conditions: The 

performance information made publicly available on an Internet website shall 

include information regarding clinical conditions to the extent such information 

is available, and the information shall, where appropriate, be provider-specific 

and sufficiently disaggregated and specific to meet the needs of patients 

with different clinical conditions. 

Title III, 

Subtitle 

A, Section 

3015 

 

Data Collection; 

Public 

Reporting 

Public Reporting of Performance Information, Consultation: The Secretary shall 

consult with the entity with a contract under, and other entities as appropriate, to 

determine the type of information that is useful to stakeholders and the format 

that best facilitates use of the reports and of performance reporting Internet 

websites. The entity with a contract shall convene multi-stakeholder groups to 

review the design and format of each Internet website made available, and shall 

transmit to the Secretary the views of such multi-stakeholder groups with 

respect to each such design and format.  

Title III, 

Subtitle 

Data Collection; 

Public 

Public Reporting of Performance Information, Coordination: Where appropriate, 

the Secretary shall coordinate the manner in which data are presented through 
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A, Section 

3015 

Reporting Internet websites and for public reporting of other quality measures by the 

Secretary. 

Title VI, 

Subtitle 

B, Section 

6103(a)(1) 

 

Nursing Home 

Compare 

Medicare Website 

 

Inclusion of Additional Information: The Secretary shall ensure that the 

following information is included on the official website of the federal 

government for comparing nursing homes for Medicare beneficiaries (referred 

to as "Nursing Home Compare Website") in a prominent, easily accessible, 

timely, readily understandable and searchable manner: 1) staffing data for each 

facility; 2) links to state Internet websites regarding state survey and 

certification programs, links to state inspection reports, information on reports 

and facility response; 3) the standardized complaint form, including explanatory 

material; 4) summary information on substantiated complaints; and 5) the 

number of adjudicated instances of serious crimes by facility employees.   

Title VI, 

Subtitle 

B, Section 

6103(a)(1) 

 

Nursing Home 

Compare 

Medicare Website 

 

Deadline for Provision of Information: The Secretary shall ensure that the 

information described in new Section 1819(i)(1)(A) of the Social Security Act 

requiring additional information for the Nursing Home Compare Website, is 

included on the website by no later than one year after the date of enactment of 

this subsection, except that the website information required under new Sections 

1819(i)(1)(A)(i) and (A)(iii) should be included on the website no later than the 

date on which the amended Sections 1124(c)(4) (regarding the reporting of 

ownership and additional disclosable information for skilled nursing facilities) 

and 1819(b)(8)(C)(ii) (regarding the reporting of resident census data and case 

mix for skilled nursing facilities) of the Social Security Act are implemented.   

Title VI, 

Subtitle 

B, Section 

6103(a)(1) 

 

Nursing Home 

Compare 

Medicare Website 

 

Review and Modification of Website: The Secretary shall establish a process to 

review the accuracy, clarity of presentation, timeliness, and comprehensiveness 

of information reported on the Nursing Home Compare Website and shall create 

a process to modify or revamp the website in accordance with the conducted 

review y no later than one year after the date of enactment of this subsection. In 

conducting this review, the Secretary will consult with state long-term care 

ombudsman programs, consumer advocacy groups, provider stakeholder groups, 

and any other interest group. 

Title VI, 

Subtitle 

B, Section 

6103(b)(1) 

 

Nursing Home 

Compare 

Medicare Website 

 

Inclusion of Additional Information: The Secretary shall ensure that the 

following information is included on the official website of the federal 

government for comparing nursing homes for Medicare beneficiaries 

(commonly referred to now as the "Nursing Home Compare Website") in a 

prominent, easily accessible, readily understandable and searchable manner: 1) 

staffing data for each facility; 2) links to state internet websites with information 

regarding state survey and certification programs, links to state inspection 

reports, information to guide consumers in how to interpret and understand such 

reports, and the facility response; 3) the standardized complaint form, including 

explanatory material; 4) summary information on substantiated complaints; and 

5) the number of adjudicated instances of serious crimes by employees. 

Title VI, 

Subtitle 

B, Section 

6103(b)(1) 

 

Nursing Home 

Compare 

Medicare Website 

 

Review and Modification of Website: The Secretary shall establish a process to 

review the accuracy, clarity of presentation, timeliness, and comprehensiveness 

of information reported on such website as of the day before the date of 

enactment of this subsection and by no later than one year after the date of 

enactment, to create a process to modify or revamp such website in accordance 

with the conducted review. In conducting this review, the Secretary shall consult 

with state long-term care ombudsman programs, consumer advocacy groups, 

provider stakeholder groups, skilled nursing facility employees and their 

representatives, and any other representatives of programs or groups the 

Secretary deems appropriate. 

Title VI, 

Subtitle 

B, Section 

6103(e) 

 

Nursing Home 

Compare 

Medicare Website 

 

Development of Consumer Rights Information Page on Nursing Home Compare 

Website: Not later than one year after the date of enactment of the Act, the 

Secretary shall ensure that the Department of Health and Human Services, as 

part of the Nursing Home Compare Medicare Website, develops and includes a 

consumer rights information page that contains links to descriptions of and 

information with respect to the following: 1) the documentation on nursing 

facilities that is available to the public; 2) general information and tips on 

choosing a nursing facility; 3) general information on consumer rights with 

respect to nursing facilities; 4) the nursing facility survey process (both national 

and state-specific); and 5) on a state-specific basis, the services available 

through the state long-term care ombudsman for such state.  
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Title X, 

Subtitle 

C, Section 

10305 

 

Data Collection; 

Public 

Reporting 

 

Establishment of Strategic Framework for Performance Information Reporting: 

The Secretary shall establish and implement an overall strategic framework to 

carry out the public reporting of performance information (this means 

information regarding clinical conditions that is provider-specific and 

sufficiently disaggregated and specific to meet the needs of patients with 

different clinical conditions). Such a strategic framework may include methods 

and related timelines for implementing nationally consistent data collection, data 

aggregation, and analysis methods.   

Title X, 

Subtitle 

C, Section 

10305 

 

Data Collection; 

Public 

Reporting 

 

Collection and Aggregation of Data: The Secretary shall collect and aggregate 

consistent data on quality and resource use measures from information systems 

used to support health care delivery, and may award grants or contracts for this 

purpose. The Secretary shall align such collection and aggregation efforts with 

the standards for the interoperability of health information technology systems 

and related standards. The Secretary shall ensure that the scope of such data 

collection involves a wide range of patient populations, providers, and 

geographic areas.  

Title X, 

Subtitle 

C, Section 

10331(b) 

 

Public Reporting 

of 

Performance 

Information 

 

Other Required Considerations: In developing the Physician Compare website 

and related public reporting of information on physician performance, the 

Secretary shall include: 1) processes to assure that data made public is 

statistically valid and reliable; 2) processes by which a physician or other 

eligible professional whose performance on measures is being publicly reported 

has a reasonable opportunity to review individual results before they are made 

public; 3) processes to assure that the implementation of the plan and the data 

made available provide a robust and accurate portrayal of a physician’s 

performance; 4) data that reflects the care provided to all patients seen by 

physicians, under both the Medicare program and other payers; 5) processes to 

ensure appropriate attribution of care when multiple physicians and other 

providers are involved; 6) processes to ensure timely statistical performance 

feedback is provided to physicians; and 7) implementation of computer and data 

systems of the Centers for Medicare and Medicaid Services that support valid, 

reliable, and accurate public reporting activities. 

Title X, 

Subtitle 

C, Section 

10331(d) 

 

Public Reporting 

of 

Performance 

Information 

 

Feedback from Multi-Stakeholder Groups: In selecting quality measures for use 

in the Physician Compare Internet website, the Secretary shall take into 

consideration input provided by multi-stakeholder groups, consistent with 

Section 1890(b)(7) and 1890A of the Social Security Act, as added by Section 

3014 of this Act (such provisions ensure that multi-stakeholder groups are 

involved in selecting quality measures for health care evaluation).  

Title X, 

Subtitle 

C, Section 

10331(e) 

 

Public Reporting 

of 

Performance 

Information 

 

Consideration of Transition to Value-Based Purchasing: In developing the 

Physician Compare Internet website, the Secretary shall consider the plan to 

transition to a value-based purchasing program for physicians and other 

practitioners developed under Section 131 of the Medicare Improvements for 

Patients and Providers Act of 2008 (Public Law 110-275) (this law requires the 

Secretary to submit a plan to Congress regarding transition to a value-based 

purchasing program for physicians).  

Title X, 

Subtitle 

C, Section 

10331(f) 

 

Public Reporting 

of 

Performance 

Information 

 

Report to Congress: Not later than January 1, 2015, the Secretary shall submit to 

Congress a report on the Physician Compare Internet website. This report shall 

include information on the efforts by the Secretary to collect and publish data on 

physician quality and efficiency and on patient care in support of value based 

purchasing and consumer choice. The Secretary shall also make 

recommendations for legislation and administrative action as appropriate.   

Title X, 

Subtitle 

C, Section 

10331(g) 

Public Reporting 

of 

Performance 

Information 

Expansion: At any time prior to submitting a report to Congress on the progress 

of the Physician Compare Internet website, the Secretary may expand the 

information available on the website. 

Title X, 

Subtitle 

C, Section 

10331(h) 

 

Public Reporting 

of 

Performance 

Information 

 

Financial Incentives to Encourage Consumers to Choose High Quality 

Providers: Not later than January 1, 2019, the Secretary may establish a 

demonstration program to provide financial incentives to Medicare beneficiaries 

who receive health care services from high quality physicians. In no case may 

Medicare beneficiaries be required to pay increased premiums or cost sharing or 

be subject to a reduction in Medicare benefits as a result of this demonstration 

program.  
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Appendix B 

The significant pre-procedural risk factors for in-hospital/30-day mortality following 

isolated CABG in the 2006-2008 New York State CABG Report Card are presented in 

the table below.  

Table B1: Multivariable Risk Factor Equation for Isolated CABG In-Hospital / 30-Day 

Deaths in New York State in 2006-2008 

 

Patient Risk Factor  
Logistic Regression 

Prevalence (%) Coefficient P-Value Odds Ratio 

Demographic 

Age: Number of years greater than 55 — 0.0527 <.0001 1.054 

Female Gender  26.53 0.5507 <.0001 1.734 

Body Surface Area  — -0.9559 <.0001 0.384 

Body Surface Area - squared  — 0.0235 <.0001 1.024 

Hemodynamic State 

Unstable  1.24 1.1892 <.0001 3.284 

Ventricular Function 

Ejection Fraction 

Ejection Fraction > 40% 80.44 ---Reference--- 1.000 

Ejection Fraction < 20%  1.65 1.1106 <.0001 3.036 

Ejection Fraction 20-29% 6.41 0.9403 <.0001 2.561 

Ejection Fraction 30-39% 11.50 0.5263 <.0001 1.693 

Previous MI 

No Previous MI within 7 days  81.38 ---Reference--- 1.000 

Previous MI less than 6 hours  0.88 1.3084 <.0001 3.700 

Previous MI 6 – 23 hours 1.49 0.6979 0.0056 2.009 

Previous MI 1 – 7 days 16.26 0.4180 <.0001 1.519 

Comorbidities 

COPD  21.39 0.4528 <.0001 1.573 

Extensive Aortic Atherosclerosis  5.91 0.5116 <.0001 1.668 

Peripheral Vascular Disease  12.61 0.2668 0.0077 1.306 

Renal Failure 

No Renal Failure  73.58 ---Reference--- 1.000 

Renal Failure, Creatinine 1.3 -1.5 mg/dl 14.29 0.6730 <.0001 1.960 

Renal Failure, Creatinine 1.6 -3.0 mg/dl 9.02 1.0437 <.0001 2.840 

Renal Failure, Creatinine > 3.0 mg/dl  0.80 1.6160 <.0001 5.033 

Renal Failure, Dialysis  2.31 2.0459 <.0001 7.736 

Previous Open Heart Operations  3.29 0.8788 <.0001 2.408 

Intercept = 3.5615 

C Statistic = 0.806 

 

 

Source: Adult Cardiac Surgery in New York State 2006-2008; New York State 

Department of Health, December 2010 
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Table B2: Criteria Used in Reporting Significant Risk Factors for Isolated CABG In-

Hospital / 30-Day Deaths in New York State in 2006-2008 

 (Based on Documentation in Medical Records) 

 

Patient Risk Factor  Definitions 

Hemodynamic State  Determined just prior to surgery. 

Unstable Patient requires pharmacologic or mechanical support to 

maintain blood pressure or cardiac index.  

Shock Acute hypotension (systolic blood pressure < 80 mmHg) or 

low cardiac index (< 2.0 liters/min/m2), despite 

pharmacologic or mechanical support.  

Records with this risk factor were excluded from all 

analyses in this report. 

Comorbidities  

COPD Patients who require chronic (longer than three months) 

bronchodilator therapy to avoid disability from obstructive 

airway disease, or have forced expiratory volume in one 

second of less than 75 percent of the predicted value or less 

than 1.25 liters or have a room air PO2 <60 or a PCO2 >50. 

Renal Failure, 

Creatinine 

Highest pre-operative creatinine during the hospital 

admission was in the indicated range. 

Renal Failure 

Requiring Dialysis 

The patient is on chronic peritoneal or hemodialysis. 

Ventricular Function  

Ejection Fraction Value of the ejection fraction taken closest to the procedure. 

When a calculated measure is unavailable the ejection 

fraction should be estimated visually from the 

ventriculogram or by echocardiography. Intraoperative 

direct observation of the heart is not an adequate basis for a 

visual estimate of the ejection fraction. If no ejection 

fraction is reported, the ejection fraction is considered 

“normal” for purposes of analysis and is classified with the 

reference category. 

Previous MI One or more myocardial infarctions (MI) in the specified 

time period prior to surgery. 

Previous Open Heart 

Operations 

Open heart surgery performed prior to the current operating 

room visit. Minimally invasive procedures are included. 
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Notes 
1
 Plenary Address of AHRQ Director Dr. Carolyn Clancy delivered to 2011 National Health 

Policy Conference, Washington, DC. 

 
2
 Nancy Wilson, Senior Advisor, AHRQ and CMS quoted from her presentation at National 

Health Policy Conference, 2012. 

 
3
 Werner, Stuart, & Polsky (2010) examined short-stay care provided at 8,137 nursing homes 

after the Nursing Home Compare public reporting requirements went into effect in 2002. They 

found that quality improved both because consumers chose higher-quality nursing homes and 

because providers improved the care they delivered. These findings support the continued use of 

public reporting to improve quality. 

 
4
 One method of using outcome data to improve health care value is the disease registry. An 

international study of thirteen registries in five countries (Australia, Denmark, Sweden, the 

United Kingdom, and the United States) suggests that by making outcome data transparent to 

both practitioners and the public, well-managed registries enable medical professionals to engage 

in continuous learning and to identify and share best clinical practices. The apparent result: 

improved health outcomes, often at lower cost. For example, if the United States had a registry 

for hip replacement surgery comparable to one in Sweden that enabled reductions in the rates at 

which these surgeries are performed a second time to replace or repair hip prostheses, the United 

States would avoid $2 billion of an expected $24 billion in total costs for these surgeries in 2015. 

 
5
 Weinick & Hasnain-Wynia (2011) highlight challenges to ensuring that quality improvement 

efforts reduce racial and ethnic disparities. These include making certain that quality 

improvement efforts measure disparities and improvements in them, notwithstanding providers’ 

reputational concerns; that such efforts not create perverse incentives for providers to avoid 

serving minority patients; that they be applied to institutions where minority patients are most 

likely to receive care; and that they fully engage minority patients despite language or other 

barriers. They recommend development of disparities impact assessments to measure the effect 

that the Affordable Care Act’s quality provisions will have on reducing disparities.  

 
6
 Of the studies that examined harms in Totten et al.’s systematic review, more find no evidence 

of the harm than evidence of harm. Research on harms related to the impact on access (e.g., 

cream skimming and cherry picking, or other actions by providers to change ratings by 

manipulating their patient populations) has mixed findings. However, there was some evidence 

from long-term care that public reporting motivates changing coding and readmitting patients to 

the hospital, though no evidence supported a link with surgeons or organizations withdrawing 

from the market or with declines in quality for items not measured. Eight studies investigated the 

possibility of harms or unintended consequences from public reporting on hospital cardiac care. 

Results of four (Moscucci et al., 2005; Apolito et al., 2008; Omoigui et al., 1996; Dranove et al., 

2003) include data that suggested a negative impact while four (Peterson et al., 1998; Bridgewater 

et al., 2007; Hannan et al., 2003; Romano et al., 2011) did not. Evidence about harms varied by 

the harm studied (three studies) with one finding that public reporting adversely affected access 

while two report that the expected negative impact on access was not supported by the data. 

Public reporting appeared to increase disparities between whites and blacks or Hispanics in the 

receipt of CABG for 9 years after public reporting began (Werner, Asch, & Polsky, 2005). High-

risk patients were more likely to have high-quality surgeons, which is counter to the hypothesis 

that public reporting might cause adverse selection (Glance et al., 2008).”  


