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Structured Abstract

Purpose: This project addresses the implications of regionalizing healthcare delivery 
using “volume” standards as opposed to “quality” criteria regionalization: (1) selective 
referral to high-quality hospitals; (2) selective referral to high-volume hospitals; (3) 
selective avoidance of low-quality hospitals; and (4) selective avoidance of low-volume 
hospitals. Administrative data were used to develop risk-adjusted measures of quality.    
Administrative data do not distinguish between complications and pre-existing 
conditions. We tested whether the absence of date stamping led to biased measures of 
hospital quality using the California State Inpatient Database (CA SID), which contains a 
Present-on-Admission (POA) indicator.

Scope and Methods: These studies were based on the California State Inpatient 
Database. Hierarchical logistic regression was used to produce the risk adjustment 
models. The impact of regionalization was assessed by simulating in-hospital mortality 
rate, the number of diverted patients, and the number of hospitals closed for each of the 
four referral strategies.

Results: There is a weak association between hospital quality and hospital 
volume. Most high-volume hospitals are not high quality, and most low-volume hospitals 
are not low quality. Selective referral to either high-volume centers or 
high-quality centers is moderately to highly effective but is extremely disruptive 
and unlikely to be feasible. Selective avoidance of low-volume centers does not 
lead to improved outcomes, whereas selective avoidance of low-quality hospitals yields 
minor improvements in outcome. The use of procedure volume as the 
basis for evidence-based hospital referrals should be re-evaluated by all stakeholders 
before undertaking more efforts to regionalize healthcare delivery using volume-based 
referral strategies. We also found that the use of routine administrative data without the 
POA indicator to construct hospital quality report cards may lead to inaccurate report 
cards.

key words: quality, risk-adjustment, administrative data, selective referral, 
regionalization, volume outcome association



Purpose

The Institute of Medicine (IOM) report, To Err is Human, states that between 44,000 and 
98,00 deaths in the United States each year are due to medical errors (1). In response, 
the IOM has outlined a national agenda to improve patient safety (1). In order to 
accomplish this agenda, a report sponsored by the Agency for Healthcare Research and 
Quality (AHRQ) has designated  “localizing specific surgeries and procedures to high-
volume centers” as a high-priority area for patient safety research (2). There exists a 
large body of evidence suggesting that hospitals performing higher volumes of high-risk 
surgery have better outcomes than low-volume hospitals (3). In the absence of a 
systematic approach to measuring healthcare outcomes, selective referral of patients to 
high-volume hospitals has been advocated for high-risk surgery on the grounds that 
procedure volume is a quality proxy (4-6). With the launching of the Leapfrog Group 
safety initiative, sponsored by a coalition of some of the largest companies and third-
party payers in the United States, these policy recommendations are now being 
implemented in the private sector (7). Nonetheless, the Leapfrog Group recognizes that 
volume is only an indirect measure for quality and supports working toward the goal of 
the “universal adoption of programs for measuring performance directly (7).”

In the absence of direct performance measures, the effort to regionalize healthcare 
using volume standards has a strong appeal. However, questions have been raised 
concerning the strength of the evidence supporting the existence of the volume-outcome 
relationship (8). Furthermore, it is not clear that volume standards should be substituted 
for quality standards given the option of constructing robust risk-adjusted outcome 
measures using widely available administrative data. This project was designed to 
address the implications of regionalizing healthcare delivery using “volume” standards 
as opposed to “quality” criteria. Because a policy of “selective referral” that restricts care 
to a small number of centers of excellence may be very disruptive and may have a 
significantly negative impact on healthcare delivery (9), we also chose to contrast the 
potential benefits of a policy of “selective avoidance” (9) that seeks to restrict care at 
either “low-volume” or “low-quality” hospitals. The Main Hypothesis was to test whether:

Regionalizing high-risk surgery by diverting patients from low-quality centers will 
lead to better population outcomes than does diverting patients from low-
volume centers.

To test this hypothesis, we used administrative data to develop risk-adjusted measures 
of quality. In most states and for all Medicare enrollees, administrative data are available 
for every hospitalization. These data could serve as an “information infrastructure” (10)
for performance measurement. The primary problem with using administrative data for 
benchmarking performance is that the data do not distinguish between complications 
(that occurred during the hospitalization) and conditions present prior to admission. 
Clearly, the interpretation of secondary diagnoses as either pre-existing conditions or 
complications is critical to accurate risk adjustment. Secondary diagnoses are used to 
stratify severity of disease (conditions that modify the severity of the primary diagnosis) 
and to specify comorbidities (conditions that are not directly related to the primary 
diagnosis) (11). Pre-existing conditions should serve as risk factors, whereas 
complications should be viewed as outcomes. The inability to separate the two in most 
administrative databases is likely to lead to biased risk adjustment and inaccurate quality 
measures. Despite this limitation, most abstract-based risk-adjustment measures “use 
discharge diagnoses codes representing all conditions treated during the hospitalization, 
regardless of when they occurred (12).”



Only two states, California and New York, include a date stamp on all secondary 
diagnoses that indicates whether a secondary diagnosis was present at the time of 
admission to the hospital. The Secondary Hypotheses to be tested were:

1. The absence of date stamping leads to biased measures of severity of disease and
comorbidity.

2. The absence of date stamping yields biased measures of hospital quality.

We also explored the following additional Secondary Hypotheses:

1. Intensive Care Units with high patient volumes have lower mortality rates
compared to low-volume ICUs.

2. Surgeons performing high-volume of off-pump coronary artery bypass surgery
have lower mortality rates compared to low-volume surgeons.

3. Changing the statistical methodology used to identify quality outliers will change
the relative quality rankings of hospitals.

4. High-quality surgeons are less likely to perform coronary artery bypass surgery
on high-risk patients compared to low-quality surgeons.

5. Complications after coronary artery bypass surgery are important predictors of
mortality.

The text of this report will divided into sections specific to each of the separate 
hypotheses tested in this project:



Scope

The absence of date stamping leads to biased measures of severity of disease and 
comorbidity. 

Comorbidity measures are designed to exclude complications when they map       
ICD-9-CM codes to diagnostic categories. The use of data fields that indicates whether 
each secondary diagnosis was present on hospital admission may lead to the more 
accurate identification of pre-existing conditions. The objective was to examine the rate 
of misclassification of ICD-9-CM codes into diagnostic categories by the Dartmouth-
Manitoba adaptation of the Charlson Index and by the Elixhauser comorbidity algorithm.  
This study was based on an analysis of 178,838 patients in the California State Inpatient 
Database (CA SID) admitted in 2000 for one of seven major medical and surgical 
conditions. The CA SID includes a present-on-admission (POA) indicator for each ICD-9-
CM code that indicates whether an ICD-9-CM code represents a condition that was 
present on admission.

The absence of date stamping yields biased measures of hospital quality.

We conducted three separate studies to evaluate this hypothesis: the first based on our 
own set of condition-specific risk-adjustment models and the other two based on (1) the 
AHRQ Inpatient Quality Indicators and (2) the AHRQ Patient Quality Safety Indicators.

Many of the publicly available health quality report cards are based on administrative 
data. ICD-9-CM codes in administrative data are not date stamped to distinguish 
between medical conditions present on hospital admission and complications that occur 
during the hospital admission. Treating complications as pre-existing conditions gives 
poor-performing hospitals “credit” for their complications and may cause some low-
quality hospitals to be misclassified as average- or high-performing hospitals. The 
purpose of these studies was to determine whether hospital quality assessment based 
on administrative data is impacted by the inclusion of the POA indicator in administrative 
data as a date stamp indicator.

The first study was based on 648,866 inpatient admissions between 1998 and 2000 for 
CABG surgery, coronary angioplasty, carotid endarterectomy (CEA), abdominal aortic 
aneurysm (AAA) repair, total hip replacement (THR), acute MI (AMI), and stroke using 
the California State Inpatient Database (SID), which includes CPAA modifiers. The 
second study was based on 2.07 million inpatient admissions between 1998 and 2000 in 
the California State Inpatient Database.  The third study was based on 82,063 patient 
records for CABG surgery between 1998 and 2000 in the California State Inpatient 
Database.

Regionalizing high-risk surgery by diverting patients from low-quality centers will lead to 
better population outcomes than diverting patients from low-volume centers. 

The objective of this study was to examine whether basing regionalization on risk-
adjusted mortality would lead to better population outcomes than basing regionalization 
on procedure volume.



This study was based on 243,000 patients who underwent either abdominal aortic 
aneurysm surgery, coronary artery bypass surgery, or coronary angioplasty between 
1998 and 2000 in California. Four regionalization strategies were compared: (1) 
selective referral to high-quality hospitals; (2) selective referral to high-volume hospitals; 
(3) selective avoidance of low-quality hospitals; and (4) selective avoidance of low-
volume hospitals.

Intensive Care Units with high patient volumes have lower mortality rates compared to 
low-volume ICUs.

The objective of this study was to examine whether high-volume ICUs have superior 
mortality outcomes compared to low-volume ICUs. The study was based on 70,757 
patients admitted to 92 ICUs between 2001 and 2003 using Project IMPACT (a clinical 
outcomes database created by the Society of Critical Care Medicine.

Surgeons performing high-volume of off-pump coronary artery bypass surgery have 
lower mortality rates compared to low-volume surgeons. 

Off-pump CABG has been recently reintroduced into clinical practice. In light of the 
relatively low level of experience of most cardiac surgeons with off-pump CABG surgery 
and the exceptional technical challenge of working on a “beating heart,” off-pump CABG 
is a unique opportunity to analyze the impact of surgeon case volume on surgical 
outcome after controlling for the effects of patient case mix and hospital volume. The 
analyses were based on the New York State clinical CABG surgery registry. The study 
sample consisted of 36,930 patients undergoing isolated CABG surgery between 1998 
and 1999 performed by 181 surgeons at 33 hospitals.

Changing the statistical methodology used to identify quality outliers will change the 
relative quality rankings of hospitals. 

Study 1: Risk adjustment is central to the generation of health outcome report cards. It is 
unclear, however, whether risk adjustment should be based on standard logistic 
regression, fixed effects or random effects modeling. The purpose of this study was to 
determine how robust the New York State (NYS) Coronary Artery Bypass Graft (CABG) 
surgery report card is to changes in the underlying statistical methodology. This 
retrospective cohort study was based on data from the NYS Cardiac Surgery Reporting 
System on all patient undergoing isolated CABG surgery in NYS and who were 
discharged between 1997 and 1999 (51,750 patients).

Study 2: This study was conducted using the New York State (NYS) Coronary Artery 
Bypass Surgery Reporting System (CSRS) using all patients undergoing isolated CABG 
surgery in NYS who were discharged in 1999 (18,116 patients).

High-quality surgeons are less likely to perform coronary artery bypass surgery on high-
risk patients compared to low-quality surgeons.

It is unknown whether high-risk cardiac surgical patients have less access to high-
quality surgeons compared to lower-risk patients.



The objective of this study was to determine whether high-quality surgeons are less 
likely to perform CABG surgery on high-risk patients compared to low-quality surgeons. 
This retrospective cohort study was based on the New York State (NYS) Coronary 
Artery Bypass (CABG) Surgery Reporting System (CSRS) of all patients undergoing 
CABG surgery in NYS who were discharged between 1997 and 1999 (51,750 patients; 
2.20% mortality).

Complications after coronary artery bypass surgery are important predictors of mortality.

Complications are associated with increased risk of death. The objective of this study 
was to quantify the increased odds of dying from complications following isolated 
coronary artery bypass grafting (CABG) surgery. This retrospective cohort study was 
conducted using the New York State CABG Surgery Reporting System for all patients 
undergoing isolated CABG surgery in NYS who were discharged between 1997 and 
1999 (51,750 patients; 2.20% mortality).

Methods

The absence of date stamping leads to biased measures of severity of disease and 
comorbidity. 

The Dartmouth/Charlson Index and the Elixhauser comorbidity measure were used to 
map the ICD-9-CM codes into diagnostic categories for patients in each study 
population. We calculated the misclassification rate for each mapping algorithm using 
information from the POA indicator as the “gold standard.”

The absence of date stamping yields biased measures of hospital quality.

 Three studies were conducted to explore this hypothesis:

Study 1: Hierarchical logistic regression was used to create separate condition-specific 
risk adjustment models. For each study population, one model was constructed using 
only secondary diagnoses present at admission based on the POA indicator: “date 
stamp” model. The second model was constructed using all secondary diagnoses, 
ignoring the information present in the POA indicator: the “no date stamp model.” Each 
model adjusted for the severity of the principal diagnosis and for comorbid conditions.   
The severity of the principal diagnosis was coded using the Disease Staging 
classification system developed by Gonnella et al (13). Comorbid conditions were coded 
either using Disease Staging or the Elixhauser algorithm (11). Low- and high-
performance hospitals were identified using the ratio of the observed mortality rate to 
the expected mortality rate (OE ratio) (14). Hospital quality was assessed separately 
using the “date stamp” and the “no date stamp” risk-adjustment models.

Study 2: The AHRQ IQI software was used to calculate risk-adjusted mortality rates 
using either (1) routine administrative data that included all ICD-9-CM codes or (2) 
enhanced administrative data that included only ICD-9-CM codes representing pre-
existing conditions (based on the POA indicator).



Study 3: We calculated the positive predictive value of selected AHRQ Patient Safety 
Indicators (PSI) using information from the POA indicator as the gold standard and using 
the intra-class correlation coefficient to assess the level of agreement between the 
hospital risk-adjusted PSI rates with and without the information contained in the POA 
indicator.

Regionalizing high-risk surgery by diverting patients from low-quality centers will lead to 
better population outcomes than diverting patients from low-volume centers.

The goal of this study was to estimate the potential impact of four regionalization 
strategies for patients undergoing abdominal aortic aneurysm surgery, coronary artery 
bypass surgery, and coronary angioplasty: (1) selective referral to high-quality hospitals; 
(2) selective referral to high-volume hospitals; (3) selective avoidance of low-quality
hospitals; and (4) selective avoidance of low-volume hospitals. The potential impact of
regionalization was assessed by simulating in-hospital mortality rate, the number of
diverted patients, and the number of hospital closed for each of the four referral
strategies. We used hierarchical regression to identify high-quality and low-quality
hospitals. High-volume hospitals were identified using the Leapfrog volume criteria.

Intensive Care Units with high patient volumes have lower mortality rates compared to 
low-volume ICUs.

The goal of this study was to examine the association between ICU patient volume and 
in-hospital mortality. Two separate analyses were performed. The first examined the 
volume outcome association controlling only for patient risk factors in order to determine 
if ICU volume is associated with better outcomes. The second examined the volume 
outcome association controlling for patient risk factors and ICU characteristics. The goal 
of this latter analysis was to determine if  high ICU volume by itself, independent of other 
ICU characteristics, is associated with reduced mortality. Hierarchical logistic regression 
modeling was used to examine the volume-outcome association.

Surgeons performing high volumes of off-pump coronary artery bypass surgery have 
lower mortality rates compared to low-volume surgeons. 

Random-effects models were  constructed to model the effect of surgeon volume on 
outcome after adjusting for the effect of hospital volume and patient case mix.

Changing the statistical methodology used to identify quality outliers will change the 
relative quality rankings of hospitals. 

Study 1: Using the same risk factors as in the NYS models, fixed-effects and random-
effects models were fitted to the NYS data. Quality outliers were identified using (1) the 
ratio of observed to expected mortality rates (O/E ratio) and confidence intervals (CI) 
calculated using both parametric (Poisson distribution) and nonparametric 
(bootstrapping) techniques; and (2) shrinkage estimators.

Study 2: Patients from specific hospital were matched to a control group using the 
Mahalanobis distance. The hospitals’ expected mortality rate was calculated in two 
ways: (1) as the mortality rate of the control group and (2) as the mortality rate predicted 
by the NYS CABG model.



Hospitals whose observed mortality rate was significantly different from their expected 
mortality rate (OE difference) were defined as quality outliers.

High-quality surgeons are less likely to perform coronary artery bypass surgery on high-
risk patients compared to low-quality surgeons.

We used multivariate linear regression to examine the association between surgeon 
quality and patient risk. The analysis was performed at the level of the individual CABG 
patient. The surgeon O-to-E ratio was the dependent variable.

Complications after coronary artery bypass surgery are important predictors of mortality.

We estimated the independent effect of individual postoperative complications on in-
hospital mortality after controlling for patient clinical risk factors and demographics.

Results

The absence of date stamping leads to biased measures of severity of disease and 
comorbidity.

The Dartmouth/Charlson Index underestimated the prevalence of hemiplegia/paraplegia 
by 70%, cerebrovascular disease by 70%, myocardial infarction by 65%, congestive 
heart failure (CHF) by 45%, and peptic ulcer disease by 34%. The Elixhauser algorithm 
misidentified as complications rather than as pre-existing conditions 43% of the 
coagulopathies, 25% of the fluid and electrolyte disorders, 18% of the cardiac 
arrhythmias, 18% of the cardiac arrhythmias, and 9% of the cases of CHF. Adding the 
POA indicator to administrative data would significantly enhance the ability of the 
Dartmouth/Charlson Index and of the Elixhauser algorithm to map ICD-9-CM codes to 
diagnostic categories accurately. This study provides significant insights into the 
potential risk of relying on conventional administrative data that are not date stamped for 
the construction of hospital report cards. It is possible that a relatively simple addition to 
administrative datasets – the POA indicator – may greatly improve risk adjustment. The 
findings of this study may prove useful to healthcare policymakers exploring the value 
and feasibility of instituting date stamping of ICD-9-CM codes in the other 48 states and 
in the Medicare/Medicaid programs.

The absence of date stamping yields biased measures of hospital quality.

Three studies were conducted to explore this hypothesis:

Study 1: Forty percent of the CABG hospitals, 33% of the PTCA hospitals, 40% of the 
THR hospitals, and 33% of the AMI hospitals identified as low-performance hospitals by 
the “date stamp” models  were not classified as low-performance hospitals by the “no 
date stamp” models. Fifty percent of the CABG hospitals, 33% of the PTCA hospitals,  
50% of the CEA hospitals, and 36% of the AMI hospitals identified as low-performance 



hospitals by the “no date stamp” models were not identified as low-performance 
hospitals by the “date stamp” models. The inclusion of the POA indicator had a minor 
impact on hospital quality assessment for AAA repair, stroke, and carotid 
endarterectomy. This study supports the hypothesis that the use of routine 
administrative data without date stamp information to construct hospital quality report 
cards may result in the misidentification of quality outliers. Until report cards based on 
clinical data become more widely available, we recommend that POA indicator be added 
to all administrative data sets. However, the POA indicator will need to be further 
validated before date stamped administrative data can be used as the  basis for health 
quality report cards.

Study 2: The inclusion of the POA indicator frequently results in changes in the quality 
ranking of hospitals classified as high quality or low quality using routine administrative 
data based on the AHRQ IQIs. Twenty-seven percent (stroke) to 94% (CABG) of 
hospitals classified as high quality using routine administrative data were re-classified as 
intermediate- or low-quality hospitals using the enhanced administrative data (with the 
POA indicator). Twenty-five percent (congestive heart failure) to 76% (PCI) of hospitals 
classified as low-quality hospitals using enhanced administrative data were misclassified 
as intermediate-quality hospitals using routine administrative data. Despite the fact that 
the AHRQ IQIs were primarily intended to serve as a screening tool, they increasingly 
are being used to publicly report hospital quality. Our findings emphasize the need to 
improve the “quality” of administrative data by including a POA indicator if these data are 
to serve as the information infrastructure for quality reporting.

Study 3: The false positive error rate, defined as one minus the positive predictive value,  
was greater than or equal to 20% for four of the eight PSIs examined: decubitus ulcer, 
failure-to-rescue, postoperative physiologic and metabolic derangement, and 
postoperative pulmonary embolism or deep venous thrombosis. Pairwise comparison of 
the hospital risk-adjusted PSI rates, with and without the POA indicator information, 
demonstrated almost perfect agreement for five of the eight PSIs. For decubitus ulcer, 
failure-to-rescue, and postoperative pulmonary embolism or DVT, the intraclass-
correlation coefficient ranged between 0.63 to 0.79. For some of the AHRQ Patient 
Safety Indicators, there are significant differences in the risk-adjusted rates of adverse 
events depending on whether the POA indicator is used to distinguish between pre-
existing conditions and complications. The use of the POA indicator will increase the 
accuracy of the AHRQ PSIs as measures of adverse outcomes.

Regionalizing high-risk surgery by diverting patients from low-quality centers will lead to 
better population outcomes than diverting patients from low-volume centers. 

There is a relatively weak association between hospital quality and hospital 
volume. Most high-volume hospitals are not high quality, and most low-volume hospitals 
are not low quality.



Figure.  Association between annual hospital case volume and hospital risk-adjusted mortality 
rates for abdominal aortic aneurysm surgery, coronary artery bypass surgery, and coronary 
angioplasty. Abbreviations: RAMR – risk-adjusted mortality rate



Selective referral to high-volume centers would be only moderately effective (2-20% 
relative reduction in mortality) and extremely disruptive (70-99% reduction in the number 
of  hospitals treating these conditions). Selective referral to high-quality centers was 
estimated to result in dramatic reduction in mortality (50%) but would also be highly 
disruptive, with greater than 80% of the patients re-directed to high quality centers. 
Selective avoidance of low-volume hospitals would not improve mortality, whereas 
selective avoidance of low-quality hospitals was estimated to result in a small 
improvement in overall mortality (2-6%) while causing relatively minor disruptions in 
patient referral patterns.

We found that selective referral to high-volume centers may, at best, yield only 
modest improvement in outcomes but would result in massive disruption in 
hospital services in California and possibly in other decentralized healthcare 
environments. Selective avoidance of low-volume hospitals would not lead to any 
improvement in outcomes. Selective avoidance of low-quality hospitals might 
yield some improvement in mortality rates without causing large-scale disruptions 
in referral patterns. The use of procedure volume as the basis for evidence-based 
hospital referrals should be re-evaluated by all stakeholders before undertaking further 
efforts to regionalize healthcare delivery using volume-based referral strategies.

Intensive Care Units with high patient volumes have lower mortality rates compared to 
low-volume ICUs. 

This study may support the hypothesis that higher-volume ICUs have lower risk-adjusted 
mortality rates. The primary analysis found evidence of an association between “high-
risk” patient volume and outcome, but only when controlling for other ICU 
characteristics. ICUs that treated higher volumes of very-high-risk patients (SAPS II > 
41) have lower overall mortality rates after adjusting for patient risk factors. This
“volume” effect was limited to high-risk (SAPS II between 30 and 41) and very-high-risk
patients. There was no association between ICU volume and outcome when the volume
calculation was based on all ICU admissions.

This study has potentially important policy implications. First, ICU volume alone may not 
be an accurate surrogate measure of ICU quality. We found that the volume of very-
high-risk patients, but not overall volume, is associated with in-hospital mortality.  
Unfortunately, the need to quantify patient risk precludes the use of a simple patient 
count to identify potentially low-quality ICUs. However, if we are going to quantify patient 
risk, there is no rational basis for substituting volume measures for risk-adjusted 
measures of quality. Second, high-risk patient volume is but one of many organizational 
variables that affect outcomes. This association is no longer statistically significant after 
controlling for patient characteristics alone. High ICU volumes alone are not necessarily 
associated with better patient outcomes.



Surgeons performing high volumes of off-pump coronary artery bypass surgery have 
lower mortality rates compared to low-volume surgeons.

There is no association between the number of cases performed off pump by an 
individual surgeon and in-hospital mortality (p=0.93) after controlling for hospital CABG 
volume and patient-level risk factors. There is also no association between off-pump 
CABG mortality and the total number of both off-pump and on-pump cases (p=0.78). In 
the on-pump CABG cohort, high-volume surgeons had significantly lower risk-adjusted 
mortality rates compared to very-low-volume, low-volume, and medium-volume 
surgeons (p<0.006).

This study shows that high-volume surgeons performing off-pump CABG surgery do not 
have better mortality outcomes than low-volume surgeons. The absence of a volume-
outcome association for off-pump surgery persisted when the procedure volume was 
based on the total number of off-pump and on-pump cases. However, high-volume 
surgeons have better outcomes than low-volume surgeons performing on-pump CABG.  
The absence of a volume-outcome relation for off-pump CABG is especially surprising in 
light of the more technically demanding nature of off-pump CABG surgery compared to 
on-pump CABG surgery.

Changing the statistical methodology used to identify quality outliers will change the 
relative quality rankings of hospitals.

Study 1: In this study, we examined whether different statistical methodologies affect 
which surgeons and hospitals are classified as high- and low-performance outliers in the 
publicly available NYS DOH CABG surgery report card. At the surgeon level,  the 
standard logistic regression model, the fixed effects model, and the fixed effects 
component of the random effects model demonstrated near-perfect agreement on the 
identity of quality outliers using a quality indicator based on the O/E ratio and the 
Poisson distribution. Shrinkage estimators identified the fewest outliers, whereas the O/E 
ratios with bootstrap CI identified the greatest number of outliers. The results were 
similar for hospitals, except that the fixed effects model identified more outliers than 
either the NYS model or the fixed effects component of the random effects model.

Assigning outlier status to providers has potentially profound implications. Prior to 
publicly releasing a quality report cards, it is incumbent on the analyst to explore the 
extent to which their findings vary using different statistical approaches. More work is 
necessary to establish “best practices” for constructing report cards in order to ensure 
the validity of quality reporting.

Study 2: The purpose of this study was to assess hospital quality using a matching 
algorithm based on a generalized distance metric and to compare this approach to the 
more traditional regression-based approach. The  two risk-adjustment methodologies 
disagreed on the outlier status of four of the 33 hospitals. Kappa analysis demonstrated 
substantial agreement between these two methods for identifying quality outliers: 
ĸ=0.61. There was excellent agreement between the point estimates of the OE 
difference obtained using these two risk adjustment methodologies.



Basing outcome assessment on either matching or regression modeling yielded similar 
findings on hospital ranking but only moderate level of agreement on hospital quality.  
The use of matching may enhance the transparency and acceptance of  outcome report 
cards by hospitals and physicians.

High-quality surgeons are less likely to perform coronary artery bypass surgery on high-
risk patients compared to low-quality surgeons. 

In this study, we found that high-risk patients undergoing CABG surgery are more likely 
to be treated by high-quality surgeons than by low-quality surgeons. We found no 
evidence, in this study, that high-quality surgeons are selectively avoiding high-risk 
patients. Higher-risk patients are more likely to receive CABG surgery from higher-
quality surgeons. For every 10 percentage point increase in patient risk of death (e.g., 
from 5% to 15%), there is an absolute reduction of 0.034 in the surgeon O-to-E ratio 
(p<0.001). This finding is important in light of prior evidence that some surgeons are 
more reluctant to care for the highest-risk patients in the aftermath of publicly released 
outcomes report cards. Our study does not, however, exclude the possibility that some 
of the highest-risk patients no longer have access to surgical revascularization.

Complications after coronary artery bypass surgery are important predictors of mortality.

There is a strong association between postoperative complications and in-hospital 
mortality. The mortality rate for patients without complication was 0.77% versus 16.1% 
for patients with complications (p<0.001). After adjusting for preoperative risk factors, 
transmural myocardial infarction (adj OR 7.90; p<0.001), respiratory failure (adj OR 
6.02; p<0.001), renal failure (adj OR 7.15; p<0.001), and stroke within 24 hours (adj OR 
4.09; p<0.001) were most strongly associated with mortality. This information may 
prove valuable to hospitals in their efforts to design quality improvement initiatives and 
care protocols to improve mortality after CABG surgery.
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