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March 2009

We are pleased to share with you the fourth public release of data from the State’s mandatory
heart bypass surgery reporting program. This report focuses on surgeon performance in 2005-
2006 and provides the risk-adjusted mortality rates and performance ratings for all 284 cardiac
surgeons who performed heart bypass surgery during 2005 or 2006. This report also provides
quality ratings for 121 state-licensed hospitals that performed isolated coronary artery bypass
graft (CABG) surgery during the same time period. Isolated CABG surgery means that no other
major heart procedure such as valve repair was performed at the same time. In 2006, the
statewide operative mortality rate was 2.22%, a 28% reduction from the 3.08% rate in 2005. For
the 2005-2006 period, the statewide operative mortality rate was 2.65%, a 14% reduction
compared to the 3.08% rate recorded for the 2003-2004 period. This reduction in mortality
means that 379 fewer lives were lost in 2005-2006 compared to the 2003-2004 period. In this
report, readers can also find 2006 hospital ratings for use of the internal mammary artery, an
important evidence-based indicator of surgery quality.

This information is intended for cardiac patients and their families who are developing treatment
plans with their doctors. It is also intended for hospitals and surgeons who are developing
quality improvement activities and for organizations that purchase health coverage for their
members. The clinical data collected and used to generate these findings are accurate and
valid, and the analytical methods are rigorous. However, note that data after 2006 are not
included, and surgeon or hospital practices may have changed since then.

We commend the hospitals and cardiac surgeons in California and the Clinical Advisory Panel
that oversees the program for their hard work and dedication in completing this public report.
The Office of Statewide Health Planning and Development continues to work with hospitals,
physicians, and professional surgical societies to ensure that our reports are accurate, fair, and
contribute to improved cardiac surgical care for all residents of the Golden State.

David M. Carlisle, M.D., Ph.D.
Director
California Office of Statewide Health Planning and Development
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EXECUTIVE SUMMARY

The California Coronary Artery Bypass Graft (CABG) Outcomes Reporting Program (CCORP) is
the largest public reporting program on CABG surgery outcomes in the United States with
32,586 isolated CABG surgeries reported in 2005-2006.

The California Report on Coronary Artery Bypass Graft Surgery, 2005-2006 Hospital and
Surgeon Data presents findings from analyses of data collected from California's 121 state-
licensed hospitals where 284 surgeons performed adult isolated coronary artery bypass graft
(CABG) surgery’ during 2005 and 20086.

The report uses risk-adjusted operative mortality to evaluate hospital and surgeon performance.
Risk adjustment is a statistical technique that allows for fair comparison of hospital or surgeon
outcomes even though some hospitals and surgeons have sicker patients than average.
Operative mortality includes all deaths that occur during the hospitalization in which the CABG
surgery was performed (regardless of length of stay) and any deaths within 30 days after the
surgery, no matter where the deaths occurred.

This report provides hospital-level information on internal mammary artery (IMA)? usage for
2006, an additional measure of surgical quality. This report also examines the relationship
between the number of surgeries that hospitals and surgeons perform and their mortality rates.

Key findings from this report are:

. There were 347 operative deaths among 15,647 isolated CABG surgeries in 2006. The
operative mortality rate for isolated CABG surgery in California was 2.22% for 2006,
compared to 3.08% for 2005 (522 operative deaths among 16,939 isolated CABG
surgeries). Nationally, the Society of Thoracic Surgeons (STS) reported an operative
mortality rate of 2.4% for 2005 and 2.3% for 2006.°> STS hospital participation is
voluntary and the group does not verify hospital reported deaths by linking with state
vital statistics death files, as CCORP does.

. There was significant variation in hospital-level CABG surgery outcomes after adjusting
for patients’ pre-operative health conditions. Hospital risk-adjusted mortality rates in
2006 ranged from 0% to 10.38%. However, 114 of 121 hospitals (94.2%) performed at
an expected rate when compared to the state’s overall mortality rate.

! Isolated CABG surgery refers to heart bypass surgery without other major surgery, such as heart or lung
transplantation, valve repair, etc., performed concurrently with the bypass procedure. See the CCORP Web site for
a complete definition of isolated CABG. http://www.oshpd.ca.gov/HID/SubmitData/CCORP_CABG/index.html

2 The internal mammary artery (IMA) is an artery that supplies blood to the front chest wall and the breasts. Itis
a paired artery, with one running on each side of the inner chest. Evidence shows that the IMA, when grafted to a
coronary artery, is less susceptible to obstruction over time and remains fully open longer than vein grafts.

3 Society of Thoracic Surgeons: 2nd Harvest 2008 Adult Cardiac Surgery Database Executive Summary,
03/31/2008. http://www.sts.org/sections/stsnationaldatabase/publications/executive/article.html

Vii
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n For 2006, 5 of the 121 hospitals performed significantly “Better” than the state average,
and 2 hospitals performed significantly “Worse” than the state average. These
hospitals are presented in the following table in alphabetical order:

Hospitals with "Better" Performance Ratings, 2006

Hospital Region

Doctors Medical Center - Modesto Central California

Campus

Kalser Foundation Hospital (Geary San San Francisco Bay Area & San Jose
Francisco)

Kaiser Foundation Hospital (Sunset) Greater Los Angeles

Mercy General Hospital Sacramento Valley & Northern California

Pomona Valley Hospital Medical Center | Inland Empire, Riverside & San Bernardino

Hospitals with “Worse” Performance Ratings, 2006

Hospital Region

San Joaquin Community Hospital Central California

Tri-City Medical Center Greater San Diego

. Hospital risk-adjusted mortality rates and performance ratings were also produced for
2005-2006, the same period as the surgeon-level results, and are included later in this
report.

viii
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There was wide variation in surgeon-level CABG surgery outcomes after adjusting for

patients’ pre-operative health conditions. Surgeon overall risk-adjusted mortality rates in
2005-2006 ranged from 0% to 100% (one surgeon performed CABG on only one patient,
who died), combined across all facilities where they operate. However, 275 of the 284

surgeons (96.8%) performed within the expected range compared to the state’s average

mortality rate.

For 2005-2006, one surgeon’s overall performance was significantly “Better” than the

state average, and eight surgeons’ overall performance was significantly “Worse” than
the state average. These surgeons are presented in the following table in alphabetical

order:

Surgeons with “ Better” Performance Ratings Overall, 2005-2006

Surgeon

Region

Gharavi, Mohammad A.

San Fernando Valley, Antelope Valley, Ventura & Santa Barbara

Surgeons with “Worse” Performance Ratings Overall, 2005-2006

Surgeon

Region

Derrick, Marvin J.

Central California

Dhar, Naveen

Orange County

Eugene, John

Orange County and Greater Los Angeles

Gunupati, Venkata C.

Greater Los Angeles

Kriett, Jolene M.

Greater San Diego

Lee, Sang H.

San Francisco Bay Area & San Jose

Tobin, Hugh M.

Central California

Young, John A.

Greater San Diego

Surgeon ratings are also provided separately for each hospital where they operated.

These ratings take into consideration both surgeon and hospital-specific factors.
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Other major findings in this report include:

Internal Mammary Artery (IMA) usage is a nationally endorsed measure of quality for
heart bypass surgery. Most patients are able to receive an IMA bypass. Very low
hospital utilization rates may be associated with poorer care. Clinical research shows
that IMA grafts used in CABG surgery stay open longer and increase patient survival.
Since CCORP first reported IMA usage by hospitals for 2003-2004, the overall California
IMA usage rate has increased from 89.6% to 93.3% in 2006. In 2003-2004, eight
hospitals were noted as having significantly lower IMA usage rates. In 2006, only three
hospitals had significantly lower IMA usage rates. These hospitals are presented in the
following table in alphabetical order:

Hospitals with "Low" IMA Performance Ratings, 2006

Hospital Region

San Fernando Valley, Antelope Valley, Ventura

Lancaster Community Hospital

& Santa Barbara

Sutter Medical Center of Santa Rosa

San Francisco Bay Area & San Jose

USC University Hospital

Greater Los Angeles

A small but significant association was found between a hospital’'s CABG surgery
volume (both isolated and total CABG surgery) and isolated CABG surgery operative
mortality. This association is primarily explained by the lower operative mortality rates
among a few very high volume hospitals. Similarly, a small but significant association
was found between a surgeon’s CABG surgery volume (both isolated and total CABG
surgery volume) and isolated CABG surgery operative mortality. This association is
primarily explained by the higher operative mortality rates among lower volume (less
than 50 cases per year) surgeons. Most studies have found that hospitals and surgeons
that perform more CABG surgeries have better outcomes, but other research, along with
some prior OSHPD studies, have not found evidence of such a relationship.

In California, utilization of percutaneous coronary interventions (PCls), such as
angioplasty with stent insertion, increased by 22.4% from 1997 to 2007, peaking in 2005
when total PCI volume reached 60,709. During the same period, the number of isolated
CABG surgeries dropped by 46.6%. The observed in-hospital mortality rate for isolated
CABG surgeries decreased from 3.08% in 1997 to 1.90% in 2007 while the same
mortality rate for PCls generally remained stable (1.70% in 1997 and 1.75% in 2007). A
more comprehensive approach to assessing the quality of revascularization procedures
in California would include reporting the outcomes of PCI providers.
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I. INTRODUCTION

This report is a public disclosure of the quality of care provided by hospitals and surgeons
performing coronary artery bypass graft (CABG) surgery in California during 2005 and 2006. It
is the fourth heart bypass surgery report developed by the Office of Statewide Health Planning
and Development (OSHPD) in implementing California Health and Safety Code Sections
128745-128750. This 2005-2006 report covers all of California’s 121 state licensed hospitals
where this procedure is performed. It is the second report to detail results for all 284 responsible
surgeons who performed the surgeries.*

This report uses risk-adjusted operative mortality as the outcome measure. Operative mortality
is defined as patient death occurring in the hospital after CABG surgery, regardless of the length
of stay, or death occurring anywhere after hospital discharge but within 30 days of the CABG
surgery. Use of operative mortality as the outcome, instead of in-hospital mortality, avoids
potential manipulation of outcomes through discharge practices and holds hospitals
accountable for patients who died at home shortly after discharge or who were transferred and
died in other facilities. The National Quality Forum (NQF), which serves as the national body for
vetting quality measures, has endorsed the national Society of Thoracic Surgeons (STS)
operative mortality measure for CABG surgery.® STS uses operative mortality as its primary
outcome measure for CABG surgery quality reporting, although they do not verify deaths
following patient discharge as CCORP does.

In this report, the operative mortality rate is adjusted statistically to account for variation in the
health condition of patients before CABG surgery. The report is intended to encourage
hospitals and surgeons to examine their surgical practices and make changes to improve quality
of care. Patients, their families, and healthcare purchasers may use this information when
making decisions about CABG surgery.

OSHPD provided all hospitals listed in this report an opportunity to review their results prior to

publication and to submit a comment letter for inclusion in this report. Five hospitals submitted
letters, and they are included in Appendix A. These statements may help readers understand

the concerns of some healthcare providers regarding the information released about them.

All surgeons listed in this report were also provided an opportunity to review their results.
Surgeons who felt their risk-adjusted mortality results did not reflect the quality of care provided
were allowed to submit a statement to OSHPD. OSHPD professional staff accepted or rejected
the statements and surgeons who did not agree with OSHPD’s determination were then able to
forward their statement to the CCORP Clinical Advisory Panel (CAP)® for review. Eleven
surgeons submitted statements to OSHPD regarding their risk-adjusted results, and five were
forwarded to the CAP. The CAP concurred with OSHPD’s determination on all but one surgeon
statement.”

* The term “responsible surgeon” refers to the principal surgeon who performs the coronary artery bypass
procedure. If a trainee performs this procedure, the responsible surgeon is the physician responsible for
supervising the trainee. In situations where a responsible surgeon cannot otherwise be determined, the responsible
surgeon is the surgeon who bills for the coronary artery bypass procedure.

> National Quality Forum (NQF), National Voluntary Consensus Standards for Hospital Care: Additional Priority
Areas, 2005-2006, Washington, DC: NQF; 2006.

® The CCORP Clinical Advisory Panel (CAP) is established in California Health and Safety Code Section 128748. The
panel is appointed by the OSHPD Director with nomination from various professional groups.

7 As a result of the surgeon statement process, some isolated CABG cases were removed from the results for
surgeons and their associated hospitals, therefore table column totals may not equal the number of individual
hospital/surgeon cases listed.
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II. CORONARY ARTERY DISEASE AND BYPASS SURGERY

During 2005 and 2006, 214,516 Californians with coronary artery disease (CAD) were admitted
to hospitals, which represented 7.8% of all adult non-maternal admissions. CAD was the
leading cause of adult, non-maternal admissions.®

Coronary artery disease is a chronic condition in which cholesterol and fat solidify and form
plaque along the linings of the coronary arteries. This process is called atherosclerosis or
hardening of the arteries. If plaque continues to accumulate, blood vessels may become
partially or completely blocked, so the heart does not receive enough oxygen, leading to angina
(chest pain) or even myocardial infarction (heart attack).

The two most common procedures for the treatment of coronary artery disease are
percutaneous coronary intervention (PCI), which includes drug-eluting stents, and CABG
surgery. Despite recent increases in the number of PCI procedures performed, CABG surgery
is more frequently recommended for patients with extensive coronary disease, reduced left
ventricular function, and disease involving the major artery to the heart muscle (also known as
“left main coronary artery”).

During CABG surgery, the surgeon uses arteries or veins from another part of the body (e.g.,
the internal mammary artery or the saphenous vein from the leg) to reroute blood around a
blockage in the coronary arteries. This allows oxygen-rich blood to flow freely to nourish the
heart muscle. Surgeons may create single or multiple grafts for patients, depending on how
many blood vessels and main branches are blocked. In most patients, the preferred initial graft
for CABG surgery is the internal mammary artery, since it maintains better blood flow over time
and is associated with better long-term patient survival.

Study Population

Under State law, California-licensed hospitals are required to report all isolated and non-isolated
CABG surgeries to CCORP. Isolated CABG surgery is defined as CABG surgery performed
without other major heart procedures, such as valve repair, during the same surgery (CCORP
definition of isolated CABG surgery can be found at
http://www.oshpd.ca.gov/HID/SubmitData/ CCORP CABG/2006AbstractTrain.pdf).

In 2005 and 2006, there were 41,256 adult CABG surgeries performed in California; of these,
32,586 (79%) were isolated CABG surgeries and 8,670 (21%) were non-isolated CABG
surgeries. The study population for this report consists of all adult patients who underwent
isolated CABG surgery and were discharged in 2005 or 2006. Isolated CABG surgery cases
were selected as the study population because the uniformity of the surgical process allows
adequate pre-operative risk adjustment for patient conditions. Non-isolated CABG cases were
not used to determine hospital and surgeon performance ratings in this report.

8 Data source: OSHPD, Patient Discharge Data, 2005 and 2006. Patients were identified with CAD if the principal
diagnosis was coded as ICD-9-CM 410.0 - 414.9.
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III. DATA

The primary data source for this report is the 2005 and 2006 clinical registry data collected by
CCORP from reporting hospitals. These data were linked to death records from the California
Department of Public Health to identify patients who died at home or at facilities other than the
operating hospital within the 30 days following CABG surgery.

The CCORP clinical data registry draws on a subset of data elements collected by the
Society of Thoracic Surgeons (STS) for their National Database of Cardiac Surgery.
However, some data elements are exclusive to CCORP. Although the STS and CCORP
data definitions are virtually identical, CCORP provides additional clarifications to assist
hospitals with coding. The data elements collected by CCORP in 2005-2006 and their
definitions can be found at the OSHPD Web site:
http://www.oshpd.ca.gov/HID/SubmitData/ CCORP_CABG/index.html.

Data Quality Review and Verification

The data submitted by each hospital were reviewed for completeness and errors. A three-step
data quality review and verification process including data quality reports, data discrepancy
reports, and risk factor coding reports was followed by a hospital medical chart audit.

Step 1: Data Quality Reports

Data quality reports compare hospital-specific rates of occurrence for each preoperative risk
factor to the state average. Hospitals are provided summary reports for review and data
correction, which include checks for invalid, missing, and abnormally high or low risk factor
values.

Step 2: Data Discrepancy Reports

Data discrepancy reports compare the CCORP data to another OSHPD data source, the Patient
Discharge Data (PDD). Hospitals are then required to account for discrepancies between the
two data sources via chart review, including cross checking at the patient level to verify that: 1)
all CABG surgeries discharged in 2005 and 2006 were reported; 2) all Isolated CABG surgery in-
hospital deaths were reported; 3) coding of Discharge Status was consistent; 4) coding of
Cardiogenic Shock was consistent; and 5) coding of Status of the Procedure
“Emergent/Salvage” was consistent.

Step 3: Risk Factor Coding Reports

Risk factor coding reports compare CCORP data to other years of data submitted for each
hospital as well as to the PDD and audit findings. These reports take a variety of data sources
into consideration in order to identify possible under-reporting and over-reporting of risk factors.
Hospitals are provided a list of possibly miscoded data elements and asked to revise their
coding.
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Hospital Medical Chart Audit

A preliminary risk model was developed using 2005-2006 data that completed the three-step
data quality review and verification processes to identify outlier hospitals (i.e., “Better” or
“Worse” performers). The primary candidates for data audit were hospitals identified as
preliminary outliers, near outliers, or those with problems in over-reporting or under-reporting
risk factors. A small number of hospitals were also randomly selected for the on-site audit. The
2006 data audit included 36 hospitals and a total of 2,519 patient records (30% of all hospitals
and 16% of all isolated CABG surgery cases in 2006). On-site medical chart reviews were
conducted by trained, independent auditors under contract to OSHPD. All isolated CABG
deaths at the selected hospitals were audited and high risk patients were sampled at a higher
rate. The number of patient records selected within a hospital was proportional to the isolated
CABG volume of the hospital, but generally fell within a range of 40 to 160 cases. If a selected
hospital performed less than 40 isolated CABG surgeries per year, all surgeries were audited.

Key findings from the 2006 hospital medical chart audit include:

e The audit found that 99.2% of all reported isolated CABG cases were correctly coded as
isolated. Auditors found 20 isolated CABG cases that should have been coded as non-
isolated.

e The accuracy of hospital submitted data has improved each year since the program’s
inception. In 2006, 9.2% of the comparisons between audited and CCORP categorical data
elements resulted in a data correction, compared to 9.4% in 2005, 9.7% in 2004 and 11.2% in
2003.

e Over-coding of categorical risk factors (hospital coded risk factors as more severe than
auditor) decreased from 4.1% in 2005 to 3.7% in 2006. Under-coding of categorical risk
factors (hospital coded risk factors as less severe than auditor) decreased from 4.5% to
3.4% for the same time period.

e Among 40 audited categorical variables the percent agreement ranged from 66.1% to 100%.
Thirty variables exceeded 90% agreement. However, percent agreement was low for NYHA
Class 1V (66.1%), Mitral Insufficiency (69.2%), Myocardial Infarction Timing (75.7%), Status
of Procedure (77.8%), and Chronic Lung Disease (78.7%). The Kappa values for risk factors
included in the logistic regression risk model ranged from 0.339 for NYHA Class IV to 0.991
for gender.

The audited data were incorporated into the CCORP data to develop the public report. An audit
summary was sent to hospitals for review. All outlier hospitals identified in 2006 were audited
except one, which had been audited in 2004. All outlier surgeons identified in the 2005-2006
report were audited except one. This surgeon performed only one isolated CABG surgery
during the report period.
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IV. 2005-2006 RISK MODEL FOR ADJUSTING HOSPITAL AND

SURGEON OPERATIVE MORTALITY RATES

Whether patients recover quickly, have complications, or die following CABG surgery is in part a
result of the medical care they receive. However, it is difficult to compare outcomes and assess
surgical performance because patients treated at different hospitals or by different surgeons
often vary in the severity of their pre-operative clinical conditions.

To make fair comparisons among different providers, it is necessary to adjust for the differences
in the case mix of patients across providers. CCORP “levels the playing field” by considering
the pre-operative condition of each patient. Providers that handled more complex cases
received a larger risk-adjustment weight in the risk model, while providers that handled less
complex cases received a smaller weight. Thus, hospitals and surgeons treating sicker patients
were not at a disadvantage when their performance was compared with other hospitals and
surgeons.

CCORP used a multivariable logistic regression model to determine the relationship between
each of the demographic and pre-operative risk factors and the probability of operative mortality.
Multivariable logistic regression models relate the probability of death to the risk factor (e.g.,
Patient Age) while controlling for all other risk factors in the model.

The risk model was developed in two steps. In the first step, the 32,586 isolated CABG surgery
cases were evaluated for missing data (30,426 of these had no missing data in any field and
were used for the risk model parameter estimation). The 2,160 (6.6%) isolated CABG cases
with missing data fields were removed to ensure that the effects of risk factors were estimated
based on the most complete data available. To generate the hospital and surgeon-specific
results shown in this report, missing values for these 2,160 records were imputed (after risk
model parameter estimation) by replacing them with the lowest risk category of the same
variable (e.g., Chronic Lung Disease=None). CCORP assigned the lowest risk value based on
the following rationale: 1) some hospitals may leave data fields blank by design when the risk
factor is absent or the value is normal; 2) to maintain consistency with other major cardiac
reporting programs that also replace missing data with the lowest-risk or normal value; and 3)
assigning values for missing data in this way creates an incentive for more complete reporting
by hospitals. After imputing the missing values, the parameters of the risk model were applied
to all cases to estimate each patient’s probability of death. These probabilities were then
summed to estimate the expected mortality for each hospital and surgeon. The risk model
based on the 2005-2006 dataset is presented in Table 1.
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GUIDE TO INTERPRETING THE 2005-2006 LOGISTIC REGRESSION RISK MODEL

Coefficient

Standard
Error

p-value

Significance

Odds Ratio

The coefficient for each risk factor represents the effect that factor has on a patient's
probability of dying (in the hospital or within 30 days) following bypass surgery. If the
value is positive, it means that the characteristic is associated with an increased risk of
death compared to not having the characteristic, while controlling for the effect of all
other factors. If the coefficient is negative, having that characteristic is associated with a
lower risk of death compared to not having it. The larger the value (whether positive or
negative), the greater the effect or weight this characteristic has on the risk of dying. For
example, the coefficient for "Congestive Heart Failure" in the 2005-2006 model is 0.269
and statistically significant at the p<0.05 level. This value is positive, so it indicates that
CABG patients with congestive heart failure are at an increased risk of dying compared
to patients who do not have the disease.

The standard error is a measure of the variation or dispersion of the standard deviation
of the sampling distribution of an estimate. It measures the statistical reliability of that
estimate.

The p-value is a measure of the statistical significance of the coefficient estimate
compared to a null value or reference category. Commonly, p-values of less than 0.05
are considered statistically significant. The smaller the p-value, the more likely the effect
of a factor is real, rather than due to chance.

When the p-value of a coefficient is less than 0.05, it is deemed statistically significant at
the 0.05 level and is denoted with one star (*) in the significance column. Two stars (**)
indicate statistical significance at the 0.01 level and three stars (***) indicate statistical
significance at the 0.001 level. All statistical tests are two-tailed tests.

An odds ratio is another way of characterizing the impact of each risk factor on operative
mortality. Mathematically, the odds ratio is the antilogarithm of the coefficient value.
The larger the odds ratio (above 1.0), the greater the impact that risk factor has on the
risk of dying. An odds ratio of 1.0 means the factor has no effect. An odds ratio less
than 1.0 means that the factor decreases the risk of dying. For example, the odds ratio
for congestive heart failure (CHF) in the 2005-2006 model is 1.309. This means that for
patients with CHF, the odds of dying are about 31% higher compared to patients without
CHF, assuming all other risk factors are the same.
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Table 1: Logistic Regression Risk Model for Operative Mortality, 2005-2006

Risk Factor Coefficient Stgndard p-value Significance Odqs
rror Ratio
Intercept -9.893 0.409 <.0001 ek
Age (by single year) 0.049 0.004 <.0001 e 1.050
Gender Male Reference
Female 0.417 0.082 <.0001 bl 1.517
Race White Reference
Non-White 0.136 0.082 0.098 1.146
BMI 18.5-40.0 Reference
<18.5 0.768 0.241 0.001 bl 2.155
> 40.0 0.597 0.183 0.001 bl 1.816
Status of Procedure Elective Reference
Urgent 0.492 0.108 <.0001 b 1.636
Emergent 0.960 0.181 <.0001 ek 2.613
Emergent/Salvage 2.598 0.428 <.0001 e 13.442
Creatinine PreOp (mg/dl) 1.264 0.118 <.0001 b 3.538
Hypertension -0.050 0.110 0.652 0.952
Peripheral Vascular Disease 0.420 0.090 <.0001 e 1.522
Cerebrovascular Disease 0.131 0.095 0.166 1.140
Diabetes -0.011 0.081 0.893 0.989
Chronic Lung Disease None, Mild Reference
Moderate 0.288 0.136 0.034 * 1.333
Severe 0.520 0.137 <.0001 ek 1.682
Immunosuppressive Treatment 0.574 0.175 0.001 > 1.775
Arrhythmia Type None Reference
Atrial e
Fibrillation/Flutter 0.527 0.115 <.0001 1.693
Heart Block 0.358 0.235 0.127 1.430
Sustained VT/VF 0.433 0.178 0.015 * 1.542
Myocardial Infarction None Reference
21+ days ago 0.280 0.114 0.014 * 1.323
8-21 days ago 0.351 0.159 0.027 * 1.420
1-7 days ago 0.281 0.104 0.007 bl 1.325
Within 24 Hours 0.669 0.164 <.0001 b 1.952
Cardiogenic Shock 0.599 0.172 0.001 ** 1.821
Congestive Heart Failure 0.269 0.092 0.003 > 1.309
NYHA Classification I, 1, I Reference
v 0.317 0.086 <0.0001 bl 1.374
Previous Operations None Reference
One or More 0.867 0.132 <.0001 b 2.380
Prior PCI Interval No Prior PCI Reference
> 6 Hours 0.088 0.100 0.376 1.092
<=6 Hours 0.461 0.255 0.071 1.585
Ejection Fraction (%) -0.012 0.003 <.0001 b 0.988
Left Main Disease % Stenosis 0.002 0.002 0.506 1.002
Number of Diseased None, One, or Two Reference
Vessels 3 or more 0.388 0.108 <0.0001 e 1.474
Mitral Insufficiency None, Trivial, Mild Reference
Moderate 0.375 0.128 0.004 bl 1.455
Severe 0.710 0.280 0.011 * 2.035

Notes: Creatinine PreOp, Ejection Fraction, and Left Main Disease % Stenosis were all modeled using piecewise
linear transformations.

*  significant at the 0.05 level (two-tailed test)

** significant at the 0.01 level (two-tailed test)

*** significant at the 0.001 level (two-tailed test)
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Discrimination

Models that distinguish well between patients who die and those who survive are said to have
good discrimination. A commonly used measure of discrimination is the C-statistic [also known
as the area under the Receiver Operating Characteristic (ROC) curve]. For all possible pairs of
patients, where one dies and the other survives surgery, the C-statistic describes the proportion
of pairs where the patient who died had a higher predicted risk of death than the patient who
lived. The C-statistic ranges from 0.5 to 1, with higher values indicating better discrimination.
For the 2005-2006 risk model, the C-statistic was 0.814. In recently published studies of CABG
surgery operative mortality using logistic regression models (including those from New Jersey,
New York and Pennsylvania), the C-statistic ranged from 0.798 to 0.815. In comparison, the
CCORP 2005-2006 risk model compares favorably with other programs that produce risk-
adjusted outcomes data for isolated CABG surgery.

Calibration

Calibration refers to the ability of a model to match predicted and observed mortality across the
entire spectrum of the data. A model in which the number of observed deaths matches closely
with the number of deaths predicted by the model demonstrates good calibration. Good
calibration is essential for accurate risk adjustment. A common measure of calibration is the
Hosmer-Lemeshow y? test, which compares observed and predicted outcomes over deciles of
risk. The p-value of the Hosmer-Lemeshow test statistic for the risk model is 0.269, indicating a
nonsignificant likelihood of poor calibration. That is, the predicted mortality was consistent with
actual mortality in the data.

Another way to test model calibration is to partition the data and compare observed events
(death) with predicted events (death) in each of 10 risk groups. The 10 risk groups are created
by sorting all observations by the predicted risk of death and then dividing the sorted
observations into deciles of approximately equal size. As presented in Table 2, the first row
shows the patients in the lowest risk group (i.e., their mean predicted mortality was less than
0.3%). Among the 3,042 patients in this group, 7 patients died, but the model predicted 8.9
patient deaths. Assuming a Poisson distribution for a binary outcome, the predicted range of
deaths for this group is 3.1 to 14.8. The observed number of 7 deaths falls within the range of
expected deaths. In fact, only one of ten risk groups has either significantly fewer or
significantly more deaths then were predicted by the model. Overall the risk model shows no
systematic underestimation or overestimation of mortality at the extremes.
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Table 2: Calibration of 2005-2006 Risk Model

Isolated

. Predicted Observed Predicted .. 95% CI of
Risk Group Mortality g:sics; Deaths Deaths Difference predicted deaths

1 0.0029 3,042 7 8.9 1.9 (3.1, 14.8)
2 0.0049 3,043 16 14.8 -1.2 (7.3, 22.4)
3 0.0067 3,046 15 20.4 54 (11.6, 29.3)
4 0.0088 3,044 21 26.7 5.7 (16.6, 36.8)
5 0.0113 3,044 23 34.5 115 (23.0, 46.0)
6 0.0147 3,043 43 44.9 1.9 (31.7, 58.0)
7 0.0195 3,043 64 59.4 -4.6 (44.3, 74.5)
8 0.0273 3,044 78 83.2 5.2 (65.3, 101.0)
9 0.0433 3,043 166 131.8 -34.2 (109.3, 154.3)
10 0.1250 3,034 371 379.4 8.4 (341.2,417.6)

Total 30,426 804 804 0
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V. RISK-ADJUSTED OPERATIVE MORTALITY RESULTS AND HOSPITAL
AND SURGEON PERFORMANCE RATINGS

The risk-adjusted mortality rate (RAMR) represents the best estimate of what a provider’s
mortality rate would have been if the provider had a patient case mix identical to the statewide
mix. Thus, this rate is comparable among providers since the differences in patient severity of
illness have been accounted for. The RAMR is computed, first by dividing the provider’'s
observed mortality by the provider’'s expected mortality rate based on the risk model to get the
observed/expected (O/E) ratio. If the O/E ratio is greater than one, the provider has a higher
mortality than expected based on patient mix. If the O/E ratio is less than one, the provider has
a lower mortality rate than expected. The O/E ratio is then multiplied by the overall state
mortality rate (2.22% for 2006 alone; 2.65% for 2005-2006 combined) to obtain the provider’s
risk-adjusted mortality rate.

To minimize the risk of misinterpretation of differences caused by chance variation, the
performance rating is based on a comparison of the 95% confidence interval (Cl) of each
provider's RAMR to the California state average mortality rate.® This was done because a
providers point estimate of the RAMR based on a small number of cases may be attributed to
chance. Thus, OSHPD treated 2005-2006 data as a sample, from which it inferred the range
within which each provider’s true performance was likely to fall. As shown in Tables 3, 4 and 5,
if the entire 95% CI of a provider’s risk-adjusted mortality is below the state average mortality
rate, indicating the provider's RAMR is significantly lower than the state average, the
performance rating is “Better”; if the entire 95% CI of a provider's RAMR is above the state
average mortality rate, indicating the provider’s risk-adjusted mortality is significantly higher than
the state average, the performance rating is “Worse”; if the state average mortality rate is
within the 95% CI of a provider's RAMR, the performance rating is “Not Different” and left
blank.

° The Poisson exact probability method was used for comput