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STATE OF CALIFORNIA - HEALTH AND WELFARE AGENCY PETE WILSON, Governor

OFFICE OF STATEWIDE HEALTH PLANNING AND DEVELOPMENT
OFFICE OF THE DIRECTOR

1600 Ninth Street, Room 433

Sacramento, California 95814

(916) 654-1606 FAX (916) 653-1448

Dear Colleagues:

On behalf of California’s Office of Statewide Health Planning and Development
(OSHPD), | am pleased to preface our latest report on the outcomes of care in California’s
hospitals. These outcome studies, mandated by legislation (Assembly Bill 524) signed by
Governor Wilson in 1991, are based on data routinely abstracted from hospital medical
records and reported to OSHPD for every patient discharged from a California hospital.

This third report on heart attack mortality rates expands and improves upon earlier
studies using a larger body of data, refined risk-adjustment methods, and linkage to death
certificate information. The study, therefore, represents an important contribution in efforts
to evaluate the quality of health care provided throughout the state.

OSHPD had overall responsibility for the project. Andra Zach, R.R.A., M.P.A., served
as coordinator. The statistical studies were performed by a distinguished team of
researchers from the University of California medical schools at Davis and San Francisco,
led by Patrick S. Romano, M.D., M.P.H., and Harold S. Luft, Ph.D. In addition, the Project
had the benefit of valuable suggestions from several advisory bodies: the California Health
Policy and Data Advisory Commission; its technical advisory committee, made up of
representatives of the health services research, hospital, nursing, medical, health
information and consumer communities; and from a panel of clinical experts in the field of
cardiovascular disease.

OSHPD'’s primary goal in conducting such studies on outcomes of care, and reporting
the results, is to improve the quality of hospital care available to all California citizens. The
report provides hospitals with systematic information about their patient care results in
comparison to other facilities, and encourages them to examine their processes of care to
determine those which result in the best outcomes.

The AB 524 legislation responded to needs expressed by health care purchasers,
providers and consumers to have publicly available information that objectively compares
hospital performance in patient care. The legislation called for selection of medical,
surgical, and obstetrical conditions for study of outcomes of hospital care. The first
conditions selected were heart attack (acute myocardial infarction), back surgery (cervical
and lumbar disk excisions), and maternal outcomes of obstetrical care (vaginal and
cesarean deliveries). Several reports related to these studies have already been
published. A study on the outcomes of care of hip fractures is in progress.



The Office of Statewide Health Planning and Development has made a long-term
commitment to provide public information describing the quality of care delivered in
Callifornia hospitals and, eventually, in other settings of care as well. With the assistance
of its advisory bodies and colleagues in the health care community, the Office seeks
continued improvements in data collection and analytical methods so as to enhance our
ability to evaluate the performance of California’s health care institutions.

The Office welcomes your comments and suggestions regarding these reports.

Sincerely,

David Werdegar, M.D., M.P.H.
Director
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MMl  Report on Heart Attack

The California Hospital Outcomes Project is an initiative mandated by the State of
California, and conducted by the Office of Statewide Health Planning and Development
(OSHPD), to develop public reports comparing hospital outcomes for selected
conditions treated in hospitals throughout the state.

The Report on Heart Attack is intended to encourage all California hospitals to improve
their care and give credit to the hospitals that are the leaders. It can also help insurers,
employers, and consumers to select hospitals based on quality of care.

The California Hospital Outcomes Project

Heart attacks (acute myocardial infarctions or AMIs) were chosen as one of
the first conditions to be reported upon by the California Hospital Outcomes
Project because they are important, common, and deadly. Every year
approximately 40,000 heart attack patients are admitted to 400 California
hospitals. More than 5,000 of these persons die.

The mortality rates published in previous heart attack reports have been
used in many ways. Hospitals have used their results to evaluate and
improve their quality of care. Payers have used the reports to contract with
the best hospitals. Consumers have used the reports to make more
informed decisions.

The results published in this report are useful because:

o They have been risk-adjusted. Patient age, sex, type of heart
attack, and chronic diseases were used to adjust for differences in
patient risk when calculating hospital mortality rates.

¢ They have been validated. A major validation study involving nearly
1,000 heart attacks at 30 hospitals showed that variations in how
hospitals report their data to OSHPD do not significantly affect their
risk-adjusted death rates. In general, low-mortality hospitals treat
heart attacks more aggressively than high-mortality hospitals.

Content of the Report on Heart Attack

This is the third report on heart attack. The first report was published in
December of 1993 and the second report was published in May of 1996.
This year’'s report includes heart attack cases from 1991 through 1993.
Although 1991 and 1992 cases were included in last year’s report, results
shown in the current report may be different because the methodology has
been improved. These improvements include:

California Office of Statewide Health Planning and Development Page 1



e Linking with Vital Statistics records to ascertain deaths occurring
outside the hospital.

o Refining certain patient risk-factor definitions based on the findings of
the 1996 validation study.

e Using six months of pre-heart attack hospital records to more
completely describe patient risk factors.

This year’s report consists of five components:

The User’s Guide (Volume 1) is intended for all those interested in hospital
performance including hospital staff, employers, government agencies,
health plans, and insurance companies. This volume provides a brief
description of the study background and methods. It also contains two tables
that display the results for individual hospitals based on heart attacks that
occurred between 1991 and 1993.

The Technical Guide (Volume 2) is intended for health services researchers,
health care providers, and others interested in the statistical methods used to
calculate risk-adjusted death rates.

The Detailed Statistical Results (Volume 3) contains the numerical results for
individual hospitals upon which the classifications in the User’s Guide are
based. In addition, there are tables that aggregate the results to the county
level. It also contains a graphical representation of both individual hospital
and county-wide results, which can be used to examine annual trends. An
electronic version of the tables is available on diskette.

The Hospital Comment Letters (Volume 4) is intended to give readers of the
Report on Heart Attack an appreciation of its strengths and weaknesses from
the hospitals’ perspectives

The Hospital Guide accompanied patient specific information that was sent to
each hospital several weeks before the Report on Heart Attack was
published. Hospitals used this information to prepare their comment letters,
which are provided with each volume of the report. More importantly,
hospitals and their physicians can use this information to target areas where
heart attack care might be improved.

To obtain these documents contact:

Office of Statewide Health Planning and Development
Data User’s Support Group

818 K Street

Sacramento, CA 95814

(916) 322-2814

Documents, excluding the Hospital Guide, are available on the
internet at http:\\www.oshpd.cahwnet.gov

Page 2
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1 Using this Volume

This document describes the hospital-specific statistics developed by the California
Hospital Outcomes Project and discusses appropriate ways to use these statistics. The
statistics are available in two media: as part of this document, which contains one table
for each hospital beginning on page 16, or on a computer diskette which contains one
record for each hospital and one record for each county. The only difference between
the two versions is that the printed version presents numbers that are rounded off to
have fewer digits.

Relationship to Other Volumes of this Report

The purpose of this volume of the Report on Heart Attack is to provide and
explain the detailed statistics associated with heart attack (i.e., acute
myocardial infarction or AMI) mortality in California hospitals. It also
suggests appropriate uses for these detailed data and explains why certain
uses would be inappropriate.

The User’s Guide (Volume 1) describes the data and summarizes the
methods used in the analysis of risk-adjusted heart attack mortality.
Statistical methods were used to determine whether each hospital's AMI
death rate was significantly different from what would be expected by
chance. The results, using aggregated 1991-1993 data, are presented in
two charts in the User’'s Guide. The first chart classifies each hospital into
one of four categories. The second chart displays these risk-adjusted death
rates graphically.

The Technical Guide (Volume 2) presents a detailed description of the data
and risk-adjustment methods. This detailed methodological presentation is
intended to allow users and researchers to review and comment on the
approaches taken and to encourage improvements in the future.

As required by law, each hospital and its chief of medical staff were sent
summaries of their own results and draft copies of the report. All comments
submitted in response to the analysis accompany each volume of the report.
These responses should be reviewed carefully if the reader is interested in
the results for particular hospitals.

Statistical Significance and Hospital Classification

The threshold of statistical significance used in this report of the California
Hospital Outcomes Project is p<0.01. This means that a hospital's risk-
adjusted mortality rate was considered to be significantly lower or higher than
expected if the hospital’'s observed death rate was more extreme than what
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would be expected to occur by chance 1 percent of the time. Even if every
hospital provided the same quality of care, chance variation in outcomes
would mean that some hospitals would appear to be high outliers and some
low outliers. With roughly 400 hospitals in the analysis, 1 percent or four
would have higher than expected mortality due just to chance variation.
Another four (1 percent) would have lower than expected mortality by
chance. If about 8 of the 400 hospitals were actually identified as outliers,
one might conclude that none had quality of care problems, since this many
outliers would be likely to occur just by chance.

In fact, 47 hospitals were identified as outliers for AMI mortality using Model
A and 42 were identified as outliers using Model B. This distribution is
inconsistent with the premise that all hospitals have equal quality. Without
additional information from medical records, however, it is impossible to tell
which of the outliers provided unusually good or poor quality care and which
were outliers just due to chance.

A hospital is unlikely to be an outlier several years in a row just by chance. If
this occurs, it probably reflects some consistent factors. Outcomes for AMI
patients are based on cases admitted between January 1, 1991 and
December 1, 1993. Overall mortality is reported as well as mortality for each
of the three years separately. AMI outcomes for each year are calculated by
applying the overall mortality model (which adjusts for the year of admission)
to a single year's cases. Very few hospitals shift from being extreme low
outliers in one year to extreme high outliers in the next. However, some
hospitals with initially high mortality do improve over time, possibly because
of improvements in quality of care. Similarly, some hospitals with initially low
mortality appear to deteriorate over time. The graphs presented in this
volume display these temporal trends, but the statistical significance of these
trends at individual hospitals has not been assessed.

Page 4
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2 Explanation of the Detailed Results

Hospital specific results are displayed in two ways. The detailed tables give the statistics
upon which the summary results shown in the User's Guide are based. The charts
present those results graphically.

The Tables, an Example

TABLE 1: Detailed Statistical Results for Acute Myocardial Infarction Mortality

Healthy County: General Hospital*

Standard Risk-  |Risk Adjusted Death | Probability

Statewide | Numberof | Numberof | Numberof [ Deviationof | Observed | Expected | Adjusted Rate:95% This Rate

Death Rate| Cases Observed Expected Observed | Death Rate | Death Rate | Death Rate | Confidence Bounds | Occurred

(%) Included Deaths Deaths Deaths (%) (%) (%) Lower | Upper | by Chance
Model A All Years 14.5 101 11 15.4 3.3 10.9 15.2 10.4 43 165 0.120
1991 15.1 30 4 54 1.9 13.3 17.9 11.2 08 216 0.324
1992 14.5 26 3 2.9 1.5 11.5 11.3 14.8 02 293 0.590
1993 13.9 45 4 7.0 23 8.9 15.6 7.9 0.0 16.6 0.126
Model B All Years| 14.5 100 11 131 3.0 11.0 131 12.2 58 18.6 0.302
1991 15.1 30 4 5.1 1.8 13.3 16.9 11.9 1.3 225 0.392
1992 14.5 25 3 3.0 1.4 12.0 12.2 14.3 12 274 0.646
1993 13.9 45 4 5.0 1.9 8.9 111 11.2 09 214 0.416

Table 1 summarizes the results for a hypothetical hospital. The first column
on the left identifies the specific analytic model and the second column
identifies the year(s) of data included in the results. The AMI outcome was
death within 30 days of admission for the index AMI. Hospitals with no AMI
patients in 1991-1993 are not included in this report. Because of specific data
limitations described in Chapter Six of the Technical Guide, 27 hospitals with
AMI patients were excluded from the analysis in one or more of the three
study years. An "Excluded" notation indicates that the data from a hospital in
this year were excluded.

Observe that AMI results based on both Models A and B are given. These
models are explained in general terms in the Users Guide and in detail in the
Technical Guide. Sometimes slightly fewer patients were analyzed under
Model B than Model A. This is because some risk factors unique to Model B
(e.g., race, insurance status) were unknown for some patients. When this
occurred, that patient was omitted from the Model B analysis. The omission
of some cases from Model B causes a slight difference between the two
models in the overall death rate.
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The results are displayed year-by-year as well as for all years combined. For
example, the results in a row labeled “1993" include only eligible patients
discharged from the hospital for AMI in 1993. The row labeled “All Years”
includes all eligible patients in 1991, 1992, and 1993 combined. Some
hospitals do not have any AMI patients in a particular year, but do have
patients in other years. In this case, the row corresponding to the year in
which the hospital had no cases would be blank.

General Hospital in Healthy County, shown in Table 1, is used as an example
for the following explanation of hospital-level summary statistics. The
county-level tables in this volume include the same variables as the hospital-
level tables described.

The Statewide Death Rate (%) is the total number of patients included in the
study who died, divided by the total number of patients included in the study,
multiplied by 100 to convert this proportion to a percentage. As Table 1
shows, the overall Statewide Death Rate for AMI was 14.5 percent.

The line indicating Number of Cases Included tells how many cases from this
hospital were included in the models. A general description of patient
inclusion and exclusion criteria is in the User’s Guide. A detailed description
is in the Technical Guide, Chapter Three. Cases with missing data for one or
more demographic variables included in Model B (such as race or source of
payment) are not included in Model B. The overall number of AMI cases at
General Hospital was 101 under Model A and 100 under Model B.

The Number of Observed Deaths is the number of patients at a facility who
died within 30 days of admission for AMI. The death may have occurred at
the index hospital, a transfer hospital, or outside the hospital setting. The full
description of the outcome variable is given in Chapter Five of the Technical
Guide. At General Hospital, the overall Number of Deaths in the AMI
analysis was 11 under both Model A and Model B.

The Number of Expected Deaths among patients included in the analysis is
presented in the next column. The influence of patient characteristics on the
risk of death was estimated from the statistical models described in the
Technical Guide, Chapter Nine. The predicted probability of death was
computed for each patient. Summing these probabilities over all patients
treated at a hospital gives the predicted number of deaths among those
patients. At General Hospital, the Number of Expected Deaths was 15.4
using Model A and 13.1 using Model B.

The Standard Deviation of the Observed Deaths is the square root of the
sum, over all of the included patients, of each patient's probability of death
(p) times the probability of survival (1-p), i.e., SQRT(sum pi(1-p))). At
General Hospital, the Standard Deviation of Observed Deaths was 3.3 for all
years using Model A and 3.0 for all years using Model B. Note that the
standard deviation of the number of expected deaths is very small relative to
this quantity because it is based on a statistical model estimated using a far
larger sample. Although the standard deviation of the expected number was

Page 6
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calculated, it did not affect the classification of hospital mortality and was
therefore not used in the final analysis.

The Observed Death Rate (%) is the number of patients at this hospital who
died, divided by the number of patients at this hospital included in the
analysis, multiplied by 100 to convert this proportion to a percentage. For
example, under Model A at General Hospital, the overall Observed Death
Rate for AMI was (11/101) x 100, or 10.9 percent. Under Model B at General
Hospital, it was (11/100) x 100, or 11.0 percent.

The Expected Death Rate (%) is the expected number of patients at this
hospital who died, divided by the number of patients at this hospital included
in the analysis, multiplied by 100 to convert this proportion to a percentage.
General Hospital had 101 AMI patients included in Model A. With 15.4
patients expected to die, General Hospital has an Expected Death Rate
under Model A of 15.2 percent (after rounding).

The Risk-Adjusted Death Rate (%) is derived using a technique known as
indirect standardization. It adjusts the observed death rate at the hospital to
reflect what the rate would be if the patients were about as ill as "average"
patients in the state. The Risk-Adjusted Death Rate (%) is calculated as the
statewide rate, multiplied by the number of observed deaths at this hospital
to the number of expected deaths. This adjusted death rate can be used to
compare the performance of different hospitals.

For example, the Risk-Adjusted Death Rate using Model A patients is the
statewide rate (14.5 percent) times the observed number of deaths, divided
by the expected number of deaths. At General Hospital under Model A, only
11 patients died whereas 15.4 were expected to die. For General Hospital,
the risk-adjusted death rate is 14.5% x (11/15.4) = 10.4%. Adjusting for its
patient mix, General Hospital's risk-adjusted death rate is lower than its
observed rate of 10.9 percent.

Note that the expected death rate (15.2 percent) was higher than the
statewide rate (14.5 percent). This difference reflects the fact that patients at
General Hospital had higher risk, on average, than the statewide population
of patients. The risk-adjusted figure of 10.4 percent is an estimate of what
the death rate would be at General Hospital if its patients matched the state
average in terms of risk.

The Risk-Adjusted 95% Confidence Bounds reflect the level of confidence in
the hospital's risk-adjusted death rate. Assuming that the risk model is
correct, there is a 95 percent chance that the hospital's true risk-adjusted
AMI death rate under Model A falls between the Lower 95% Confidence
Bound of 4.3 percent and the Upper 95% Confidence Bound of 16.5 percent.
Please note that this 95% confidence interval differs from the 98%
confidence interval shown in the User’s Guide. A narrower interval, providing
95% confidence rather than 98% confidence, is used in these tables for the
benefit of individual hospitals and physician groups that are interested in
evaluating their own performance. Wider confidence intervals are used to
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identify hospital outliers in the User’s Guide, because of the large number of
hospitals evaluated in the study.

The Probability This Rate Occurred by Chance is a measure of the likelihood
that this many or a more extreme number of deaths occurred by chance,
given the expected number of deaths from the risk-adjustment model. If the
observed number of deaths is less than or equal to the expected number, a
lower p-value is computed. If the observed number of deaths is more than
the expected number, an upper p-value is computed.

The lower p-value is the probability of the observed number of deaths or
fewer. The lower p-value represents a "test" of whether this hospital has
systematically better outcomes than expected based on its patients' risk
characteristics. A lower p-value of less than 0.05 indicates that there would
be less than a 1 in 20 chance of this hospital having this few or fewer deaths,
given its mix of patients, if quality of care were average.

The upper p-value is the probability of the observed number of deaths or
more. The upper p-value represents a "test" of whether this hospital has
systematically worse outcomes than expected based on its patients' risk
characteristics. An upper p-value of less than 0.05 indicates that there would
be less than a 1 in 20 chance of this hospital having this many or more
deaths, given its mix of patients, if quality of care were average.

Because General Hospital had fewer deaths than expected in Model A, the
lower p-value of 0.120 was used. Thus, in this hospital with 101 patients
(and 15.4 expected deaths, based on Model A risk factors), the probability of
observing 11 or fewer deaths due to chance alone is about 1 in 9 -- a finding
quite consistent with chance variability. Such a finding provides little
evidence that General Hospital's outcomes differ systematically from the
statewide average.

A very small p-value of, 0.01 (1/100) for example, means that one would
expect to observe so few (if a lower p-value) or so many (if an upper p-value)
deaths only 1 time in 100, by chance. A more likely explanation for such an
extreme finding would be systematic differences in quality of care or coding
of discharge abstracts.

The classification of hospitals into one of four categories, based on all three
years of data, (as shown in the Users Guide) is based on a p-value of 0.01.
Hospitals classified as significantly better than expected had fewer deaths
than expected and a lower p-value less than 0.01. Hospitals classified as
significantly worse than expected had more deaths than expected and an
upper p-value less than 0.01.

Summarizing the contents of Table 1, General Hospital has an overall risk-
adjusted death rate of 10.4 percent from Model A and 12.2 percent from
Model B. These rates are less than the overall statewide death rates but
these differences are not statistically significant. In the first table in the Users

Page 8

California Office of Statewide Health Planning and Development



Guide, General Hospital would have been represented by a simple box ()
for Model A and Model B in the results columns.

The Charts, an Example

Table 1 gave the detailed statistics for the fictional General Hospital in
Healthy County. Figure 1 below displays General Hospital's yearly risk-
adjusted death rates and the 95 percent confidence bounds around those
rates.

Figure 1: Healthy County: General Hospital
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Each table for a specific hospital or county is followed by two charts which
graphically display the hospital’'s or county’s risk-adjusted death rates from
Model A and Model B, by year. The risk-adjusted death rates and 95 percent
confidence bounds displayed in these charts are identical to those shown in
the table on the same page.

California Office of Statewide Health Planning and Development
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The Users Guide includes a very similar display of hospitals' risk-adjusted
death rates. However, the charts show overall results for 1991-1993 and
feature 98 percent rather than 95 percent confidence bounds.

In the charts in this volume, annual risk-adjusted death rates for AMI patients
are denoted by asterisks. As described above, the risk-adjusted death rate
represents a measure of hospital performance adjusted for differences in
patients' severity of iliness across hospitals. Each risk-adjusted death rate is
surrounded by 95 percent confidence bounds, which are denoted by thick
dashes above and below each asterisk. There is a 95 percent chance that a
hospital's true risk-adjusted death rate lies within the indicated range.1

The statewide death rate is denoted by a horizontal dotted line. Note that the
statewide death rate dropped slightly from 15.1 percent in 1991 to 14.5
percent in 1992 to 13.9 percent in 1993. If the horizontal dotted line is below
the hospital's lower confidence bound, then that hospital had a significantly
higher than average risk-adjusted death rate, and significantly more deaths
than were expected, in that year. If the statewide death rate lies above a
hospital's upper confidence bound, then that hospital had a significantly lower
than average risk-adjusted death rate, and significantly fewer deaths than
were expected, in that year. For most hospitals, the statewide rate lies within
the confidence bounds, indicating that the hospital's performance was within
the expected range. This expected range is substantially wider when
individual years are shown separately than when all three years are
aggregated, as in the chart in the Users Guide.

Because two separate risk-adjustment models were developed to estimate
the probability of death, the risk-adjusted death rate and confidence bounds
from Model B are displayed next to the comparable data from Model A. If a
specific hospital appears to have no point on the chart for one or more years,
then that hospital either had no eligible cases or was excluded because of
data limitations during that year or set of years. Volume Two, Technical
Guide, Chapter Six explains which hospitals were excluded because of data
limitations. If a hospital had no eligible cases across all three years (1991-
1993), then it is not listed in this volume.

1. The confidence bounds shown in these charts are based on a widely used method called the normal approximation (see
the Technical Guide, Chapter Twelve). For most hospitals, this procedure generated confidence bounds nearly identical to
those implied by the exact method that was used to calculate p-values in the detailed statistical tables and to identify mortality
outliers in the Users Guide. However, a few hospitals have 95 percent confidence bounds that do not include the statewide
average, despite the fact that their exact p-value exceeds 0.025. The exact p-value is a more precise measure of the
probability that a hospital's true risk-adjusted death rate equals the statewide average.
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3 How Not to Use These Results

One might be tempted to use this set of hospital data tables to generate lists of the "best
and worst" hospitals in the state or in a particular community. This is not appropriate.
Such listings or rankings are subject to substantial misinterpretation, stemming largely
from the problem of chance variability discussed previously. This section discusses how
fo interpret the observed and expected death rates, and explains why ranking is
inappropriate.

Interpreting Death Rates

TABLE 2: AMI Data for a Hypothetical Community

Risk Adjusted Rate
Deaths Death Rate (%) Confidence Bound
Hospital Cases | Observed Expected Standard [ Observe Expected | P-Value | Observed/ | Observed Low  High
Deviatio | d Expected
n
A 7 0 1.2 0.85 0.0 171 0.184 0.00 0.0 0.0 201
B 25 0 3.5 1.69 0.0 14.0( 0.019 0.00 0.0 0.0 13.7
C 69 4 8.7 2.50 5.8 12.6 | 0.037 0.46 6.7 0.0 14.8
D 98 11 16.5 3.43 11.2 16.8| 0.068 0.67 9.7 3.8 15.6
E 420 44 66.0 7.01 10.5 15.7| 0.001 0.67 9.7 6.6 12.7
F 282 35 45.6 5.74 124 16.2| 0.037 0.77 11.1 7.5 14.7
G 116 13 14.2 3.34 11.2 122 0434 0.92 13.3 6.6 19.9
H 98 17 13.6 3.21 17.3 13.9| 0.182 1.25 18.1 11.4 24.8
| 29 9 5.8 2.01 31.0 20.0| 0.093 1.55 225 12.6 32.3
County
Total 1,144 133 1751 11.37 11.6 15.3 | Z-score = -3.66

The importance of statistical variability is highlighted by the confidence
intervals associated with the risk-adjusted death rates reported for each
hospital. To illustrate this, Table 2 presents real AMI data for nine hospitals
from across the state, selected to represent a hypothetical community. The
hospitals have been ordered from low to high according to their risk-adjusted
death rates, using all three years of data combined. The risk-adjusted death
rates range from 0 percent to 22.5 percent. The risk-adjusted death rate
represents what a hospital's death rate would have been, if its patients' risk
profile had been equal to the statewide average.

Hospitals A and B appear at the top of the list because they had no deaths.
However, this cannot be interpreted to mean that they had the best outcomes
for heart attack patients. Hospital A had only 7 AMI cases, a very small
number for statistical inference. The expected number of deaths at this
hospital was 1.2. While the observed number of deaths was less than the
expected number, this result could be due to chance alone and is not
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statistically significant. This is shown by the p-value of 0.184, which indicates
that with such a small number of cases, one would expect to observe zero
deaths 18.4 percent of the time just by chance.

The absence of any deaths among the 25 patients at Hospital B is more
unusual. The expected number of deaths was 3.5, and the p-value indicates
that one would expect to observe zero deaths only 1.9 percent of the time, if
there were many identical hospitals. With 418 hospitals in the state included
in the heart attack analysis, chance alone would account for 8 hospitals (1.9
percent times 418 = 7.9) having such extreme values just by chance.

In the Users Guide, both Hospital A and Hospital B would be labeled with a
check mark in a box (M). Neither hospital was significantly different than
expected at a p-value of 0.01, but neither had any deaths.

Note that Hospital E, which ranks 5th in this community in terms of risk-
adjusted rates, is the only one that would be labeled with a star () in the
Users Guide, as indicated by its lower p-value of 0.001. This illustrates the
importance of sample size in determining statistical significance. Hospitals
with relatively few patients cannot be identified as having significantly better
than expected results, even with very few (or no) deaths, because such
results may be due to chance.

At the other extreme of the table are Hospitals H and | with risk-adjusted
death rates of 18.1 percent and 22.5 percent respectively. The very high
death rate at Hospital | was based on 9 deaths among 29 patients, almost
the opposite situation as Hospital B. The observed rate was more than 50
percent higher than the expected rate (31.0 percent vs. 20.0 percent). Even
so, a result this extreme or worse is likely to occur just by chance about 9
times out of a hundred, as indicated by the p-value of 0.093. Even using the
standard cut-off for a p-value of 0.05 or less, this is not a statistically
significant result.

Why Ranking is Inappropriate

The dangers of ranking hospitals are illustrated by the lower and upper
confidence bounds around each hospital's risk-adjusted death rate. These
represent the bounds within which the true risk-adjusted rate would be
expected to lie, given the role of chance and the observed rate. For
example, Hospital B's true risk-adjusted rate might have been as high as
13.7 percent despite having zero deaths. If this were the case, Hospital B
would rank seventh out of the nine hospitals in this community, instead of
first or second. Even if everything remained the same in terms of the quality
of care, numbers of patients, and average risk among these hospitals, a
change in ranking this large could be observed just due to chance variation.
Likewise, Hospital |, with the highest risk-adjusted death rate, could have a
rate as low as 12.6 percent, which would rank it seventh in this community.
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Potential problems in using rankings are exacerbated if one considers
rankings based on the entire state. For the purposes of illustration, the nine
hospitals in Table 2 were selected largely from the extremes of the death rate
distribution. In fact, the vast majority of hospitals are in the middle of that
distribution. For example, Hospital A is among dozens that would rank "first
in the state" because it had no deaths, yet Hospital G, which is near the
middle in the overall list, might rank just as highly based on the lower
confidence bound for its risk-adjusted rate. At the other extreme, the lower
bound on the confidence interval for Hospital |, 12.6 percent, would rank it in
the top quarter of hospitals in the state. In fact, because there are so many
hospitals in the state and the confidence intervals are so wide, the range of
possible ranks for many hospitals, due to chance alone, exceeds 100.

This example is meant to caution potential users of the data about the basic
statistical issues involved in using such information. It is important to note
that unusual events do happen by chance, so that a single set of results
provides little information. However, if "unusual" results occur repeatedly,
they may bear further investigation. Thus, hospitals with "extreme" results
three years in a row are likely to have some consistent factors producing
those results.
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4

How These Data Might Be Used

It is important to recall that most statistical problems in interpreting these data arise
when one focuses on death rates, because deaths are relatively unusual occurrences.
Some other analyses would be less susceptible to chance variation and potentially more
informative.

Examine Individual Hospitals

For example, one may ask whether special circumstances accounted for the
very small number of AMI patients at Hospital A. With roughly one admission
every other month, staff may not be ready for such emergency admissions. If
Hospital A is in a very isolated area and is the only local provider, this low
volume may be quite appropriate. The high expected death rates in Hospital
A suggest that Hospital A's patients may be too high-risk to transfer
elsewhere.

Another suggestion would be to examine hospitals with unusually low or high
expected death rates. A hospital's expected death rate is a measure of the
average severity-of-illness of its patients, compared with patients at other
hospitals and statewide. Hospitals with low expected death rates may be
referring high-risk patients from their emergency departments to other
hospitals with more specialized facilities. In most areas, that would represent
an appropriate referral practice. Alternatively, they may be failing to report
some of their patient's risk factors. Hospitals with high expected death rates
may be located near a retirement community or other high-risk population,
may accept especially high-risk patients from other hospitals, or may over-
report risk factors relative to other hospitals.

Examine Groups of Hospitals

One might also combine results for hospitals grouped in various ways.
Grouping adds to the sample size and thus reduces the role of chance
variation in explaining unusual outcomes. However, the grouping should be
related to important underlying characteristics, such as the size of a hospital
or its location. Hospitals also might be grouped according to health plan
affiliations in a managed care environment. For readers' convenience, this
volume includes a summary table for each county, which groups all of the
hospitals in that county.

To illustrate grouping, consider the bottom part of Table 2, where the
outcomes for all nine hospitals in a hypothetical community are aggregated.
There were a total of 133 deaths among the 1,144 patients, while 175.1 were
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expected given their risk factors. This results in an overall death rate of 11.6
percent, compared to an expected rate of 15.3 percent. If the number of
expected deaths is 5 or more, one can use the following formula to determine
whether this is a statistically significant difference:

Z =1+ (ABS(NDEAD - NEXP) - 0.5) / STDDEV
where | = (NDEAD - NEXP) / ABS (NDEAD - NEXP)

where NDEAD is the number of patients who died, NEXP is the number of
patients expected to die, and STDDEV is the standard deviation around the
observed number of deaths for the group of interest, in this case a
hypothetical community. The detailed statistical tables list this standard
deviation for each model and each hospital. To calculate the standard
deviation for a group of hospitals, square the standard deviation for each
hospital in the group (using either Model A or Model B). Then add the
resulting variances. Finally, take the square root of the sum of the variances
to obtain the standard deviation of the observed number of deaths for the
entire group of hospitals.

The resulting figure, or Z-score, can be converted to a probability with the
assistance of standard statistical tables for the normal distribution. Roughly
speaking, Z-score values greater than 1.96 or less than -1.96 indicate that a
result is statistically significant at the 0.05 level. This means these results
are likely to occur by chance less than one time out of 20. The resulting Z-
score for this set of 9 hospitals is 3.66, with a negative value indicating that
the death rate was lower than expected. Standard statistical tables for the
normal distribution indicate that a Z-score of 3.66 is associated with a
probability of less than 0.001. Results this extreme are likely to occur by
chance less than one out of a thousand times. Thus, overall outcomes in this
community were significantly better than expected, even though two hospitals
in this group had worse than expected outcomes.
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5

Diskette Record Layout

There are four files on the diskette, one for each of the individual years, and one for all
three years together. The layout of each file is the same.

COLUMN COLUMN HEADING

- Ae—TOTMMOO >

XS < C 4 »vonnoUuoz=Z

OSHPDID
HOSPNAME
STAPER_A
STAPER_B
NUMCAS_A
NUMCAS_B
NUMMOR_A
NUMMOR_B
NUMEXP_A
NUMEXP_B
SDMOR_A

SDMOR_B

PERMOR_A
PERMOR_B
PEREXP_A
PEREXP_B
RAMOR_A
RAMOR_B
LCI_A

LCI_B
UCI_A
UCLLB

ULPVAL_A
ULPVAL_B

DESCRIPTION
Hospital’'s OSHPD ID Number
Hospital's Name
Statewide Mortality Rate, Model A
Statewide Mortality Rate, Model B
Number of Cases Included, Model A
Nuimber of Cases Included, Model B
Number of Observed Deaths, Model A
Number of Observed Deaths, Model B
Number of Expected Deaths, Model A
Number of Expected Deaths, Model B
Standard  Deviation of Observed
Deaths, Model A
Standard  Deviation of Observed
Deaths, Model B
Observed Mortality Rate, Model A
Observed Mortality Rate, Model B
Expected Mortality Rate, Model A
Expected Mortality Rate, Model B
Risk-Adjusted Mortality Rate, Model A
Risk-Adjusted Mortality Rate, Model B
Lower Confidence Bound of 95%
Confidence Interval, Model A
Lower Confidence Bound of 95%
Confidence Interval, Model B
Upper Confidence Bound of 95%
Confidence Interval, Model A
Upper Confidence Bound of 95%
Confidence Interval, Model B
Upper/lower P Value, Model A
Upper/lower P Value, Model B
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6 Hospital Specific Tables and Graphs

The remainder of this volume consists of tables and graphs showing hospital-specific
results. Each hospital is on a separate page, and are alphabetized within counties.
The first page of each county is a summary of the results of all the hospitals in that

county.
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