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Patient Severity and
Mortality in
Demonstration and
Competitor Hospitals

8.1 Introduction

The HCFA Participating Heart Bypass Center Demonstration was undertaken to
evaluate the effect of bundled payments on the quality and outcome of care. The two
primary outcome variables evaluated in Chapter 7 are in-hospital and one-year post discharge
mortality. Additional analyses were conducted to evaluate changes in length of stay, post-
operative complications, and readmission rates. The overall finding was that in-hospital and
one-year mortality rates declined during the course of the demonstration and as a function
of the length of time the hospital participated in the demonstration, after controlling for
changes in case mix.

Our analyses, however, did not allow us to answer the question, would the trend in
mortality have occurred absent the demonstration? It is important to remember that the
results presented in this report are not generated from a randomized clinical trial. The
demonstration hospitals have unique control over the patients who undergo heart bypass
surgery. In addition, we did not collect detailed clinical information on patients discharged
prior to the start of the demonstration that could serve as a historical control group. Nor did
we collect detailed clinical information from competitor hospitals. Rather, we relied upon
multivariate statistical methods for assessing time trends while adjusting for differences in

patient severity across hospitals over time. Even with multivariate methods, however,
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patients discharged early on in the demonstration become the de facto intertemporal control
group.

In this chapter, we address more directly the issue of what effect the demonstration
may have had on patient outcomes by comparing quality and outcome measures in
demonstration hospitals versus hospitals located in each of the study demonstration site’s
market area. To do so, it is necessary to identify a common source of information.
Unfortunately, medical abstract data in control hospitals were not available. Medicare claims
data appear to be a reasonable substitute for such information.

Increasingly, federal, state, and private health care policy makers and researchers are
turning to claims to evaluate the quality of care delivered to their beneficiaries because
claims data bases provide considerable flexibility in modeling the process and outcome of
care, are typically very cost-effective, and do not require the intrusion of data abstractors into
provider settings (Garnick et al, 1994; Weiner et al, 1995). On the other hand, claims data
often lack the clinical specificity necessary to define the severity of a disease or
complication, nor do they contain results of diagnostic tests or therapeutic interventions.
Thus, for many appropriateness/quality outcome studies it is necessary to link clinical
information obtained from chart abstraction, patient surveys, etc. with claims data to obtain
a complete picture of the patient’s clinical condition, course of treatment, and final outcome
status.

Because we do not have any direct clinical information from competitor hospitals,

itis necessary to specify a patient severity/outcome model that can be estimated exclusively
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from claims data. A prime candidate for this study is a model developed by the Northern
New England Cardiovascular Disease Study Group (NNECDSG), a voluntary research
consortium of all hospitals in Maine, New Hampshire, and Vermont that perform CABG
surgery. The primary interest in the NNECDSG is to foster voluntary continuous
improvement in the process and outcome of care for CABG patients. To assist the clinicians
and administrators in this effort, the NNECDSG has developed a parsimonious hospital
mortality model that allows for an examination of hospital-level performance relative to
predicted performance while controlling for differences in casemix (O’Connor, 1996;
O’Connor, 1991).

The NNECDSG model is a mixture of ten demographic and clinical data elements:
age, sex, body surface area (BSA), ejection fraction, history of previous CABG,
revascularization priority (urgent or emergent), number of diseased vessels, degree of left
main artery stenosis, left ventricular end diastolic pressure, and the Charlson Index as a
summary measure of patient co-morbidity. In multivariate analyses of CABG outcome data,
the NNECDSG found that all but number of diseased vessels and severe stenosis of the left
main coronary artery are strong predictors of in-hospital mortality.

Claims data are an excellent source for some of the information contained in the
NNECDSG model, (e.g., sex, age, previous cardiac bypass, and revascularization priority).
To a lesser degree, claims data can provide information needed for the construction of the

Charlson Index (D’Hoore, 1993). Other types of clinical information are not present in
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claims data, e.g., ejection fraction. However, some clinical conditions may be correlated
with missing risk factors, e.g., obesity and diabetes.

We begin our analytic effort by evaluating the ability of the NNECDSG model to
predict mortality for the demonstration hospitals using data from the clinical database
discussed in Chapter 7. Next, we examine how well a modified NNECDSG model, using
only data elements found in claims data, predicts in-hospital mortality for our demonstration
sites and with the clinical data base. The third step is to examine the differences in
completeness of key clinical and demographic data between the clinical database and
Medicare claims for the demonstration sites and how well the claims-based model predicts
mortality for the demonstration sites. We then conclude with comparisons in outcomes
between the demonstration sites and competitor hospitals.

There are two key questions that we examine in this chapter: (1) are there systematic
differences in the severity of patients in the demonstration sites relative to their competitors;
and (2) is the trend in lower mortality during the course of the demonstration also observed
in the competitor hospitals. Because hospitals have an incentive to select healthier patients
under a bundled payment arrangement, it is critical to determine if the demonstration
hospitals, do in fact, have a healthier mix of patients. A finding that a declining mortality
trend did not exist in the competitor hospitals over the five year demonstration period would
provide powerful evidence of a positive effect of bundled payments on the quality and

outcome of care.
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8.2 Modified NNECDSG Model

Two mortality models based on the NNECDSG model were developed for use in this
project. The first model consists of eight variables found to be important predictors of in-
hospital mortality in the work by O’Connor and others and that are contained in the
demonstration sites’ clinical database: age, sex, BSA, history of previous CABG,
urgent/emergent admission, ejection fraction, and the Charlson Index. Table 8-1 contains
a description of the variables that are used in the multivariate analysis of in-hospital
mortality. Age is entered in the model as a continuous variable. Sex is a dichotomous
variable (0,1) taking on a value of 1 if the patient is female. BSA, a measure of patient
obesity, is entered into the model as a continuous variable. Two dichotomous variables were
constructed to reflect (1) whether an admission was urgent or emergent, and (2) whether the
patient had a previous CABG. Ejection fraction was categorized in a manner similar to that
in the NNECDSG studies and following the scoring developed by Pierpont et al. (1985):
normal ejection fraction, if greater than or equal to 50 percent; mild ejection fraction
dysfunction, if less than 60 percent but greater than 50 percent; moderate ejection fraction
dysfunction, if less than or equal to 50 percent and greater than 40 percent; and severe
ejection fraction dysfunction, if less than 40 percent.

The Charlson Index was also constructed in a manner similar to that in the
NNECDSG studies. The Charlson Index is a summation of weighted co-morbid conditions
demonstrated to be strong predictors of cardiovascular-related in-hospital and one-year

mortality (O’Connor, 1991; Melfi, 1995; D’Hoore, 1993; Charlson, 1987; Matsui, 1996).

Health Economics Research, Inc. Medicare Heart Bypass Center Demonstration: 8-5
teart2\final\chap8:wpd\nd



Chapter 8 Patient Severity and Mortality in Demonstration and Competitor Hospitals

Table §8-1

Description of Variables Used in Multivariate Analysis

of Patient Severity
Variables Description
CHARLSON Charlson Index value ranging from 0 to 10.
URGMERGE equals 1 if patient was admitted as urgent or emergent

(= 0 is otherwise).

AGE age as of date of CABG surgery.
SEX equals 1 if patient was female.
BSA body surface area calculated as

o((37517+(0.422¥In(height))+(0.515*log(weight)))

PREVCABG equals 1 if patient underwent CABG surgery previously
(= 0 otherwise).

MILDEJ equals 1 if patient had a left ventricular ejection fractior.
' between 51-60% (= 0 otherwise).

MODEJ equals 1 if patient had a left ventricular ejection fractior
between 40-50% (= 0 otherwise).

SEVEJ equals 1 if patient had a left ventricular ejection fractior
between less than 40% (= 0 otherwise).

DDEAD equals 1 if the patient died post-surgery during the
hospitalization (= 0 otherwise).

Health Economics Research, Inc. Medicare Heart Bypass Center Demonstration: 8-6
heart2\final\chap8.wpd\nd



Chapter 8 Patient Severity and Mortality in Demonstration and Competitor Hospitals

The variables contained in the Charlson Index and their weights (given in parentheses) are

given as follows: peripheral vascular disease (1); chronic lung disease (1); dementia (1);

chronic liver disease (1); peptic ulcer disease (1); diabetes mellitus with no sequelae (1);

diabetes mellitus with sequelae (2); renal failure (2); leukemia, lymphoma, or solid cancer

| (2); liver disease with sequelae (3); and metastatic cancer or multiple cancers (6). Not all co-

morbid conditions are captured in the clinical database. We exclude from our Charlson

Index the following variables: éhronic liver disease, peptic ulcer disease, liver disease with
sequelae, and metastatic or multiple cancers.

A second model was developed to be used in our evaluation of the claims data. This

latter model does not contain two variables that are unavailable in claims data: ejection

fraction and BSA.

8.3 C(laims Data

To conduct this analysis, we use information from the clinical data base developed
from detailed medical abstract information collected by the participating demonstration sites
and described in Section 7.4.1. In addition, we use Medicare claims data as described in
Section 7.4.3. Claims-based indicators are created for the demonstration sites and their
competitor hospitals for the time period that is relevant to each of the demonstration sites’
participation time frame.

ICD-9 codes, both diagnostic and surgical, present in the claims data are utilized to

identify risk factors and complications. The proportion of patients with risk factors such as
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diabetes (250.x) and unstable angina (411.1) are estimated from the diagnostic ICD-9 codes
present. Post-operative complications are also derived in a similar manner. For instance, a
patient is identified as having an infection if ICD-9 codes indicating a post-operative
infection are present (996.0-996.69 or 998.5). On the other hand, the use of intra-aortic
balloon pump (IABP) before or during surgery is identified by the presence of the procedure
code 37.61.

All the claims-based indicators are derived from Part A data except for the
information on previous CABG which is obtained from both Part A and Part B claims.
Patients with previous CABG are identified from the CPT code (33530) present in Part B
data and from previous CABG discharges reported in Part A data.

The Charlson Index developed from the clinical and claims data are similar expect
for the weights applied to the cancers. In the clinical data, since metastatic cancers could not
be identified separately from others cancers, all cancers received a weight of 2. In the claims
data, a weight of 6 is applied to the metastatic cancers that are identified. This difference is
not expected to have a significant impact on the overall index estimated as only 1 percent of

patients in the claims data have metastatic cancer.

8.4 Evaluation of the Modified NNECDSG Models to Predict Mortality

In this section, we examine the presence of co-morbid conditions as defined in the
modified NNECDSG models and estimate the probability of death using logistic regression

and the two modified models. Our key issues of interest include: (1) how well do the
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modified NNECDSG models predict in-hospital mortality; and (2) is there a significant trend
in mortality after controlling for changes in patient severity as measured by the co-variates
in the two NNECDSG-modified models.

Four sets of models are estimated for all demonstration sites with in-hospital
mortality as the dependent variable. The first of these simply included dummy variables
representing six of the seven sites. Hospital C, having the lowest in-hospital mortality rate
among the original sites and a participant throughout the entire demonstration, was chosen
to be the hospital of comparison, and its mortality rate is represented by the intercept. The
hospital coefficient estimates in this first regression thus reflect differences between the six
hospitals and Hospital C before controlling for any patient risk factors. These hospital
dummy coefficients form a baseline upon which to compare the effects of controlling for
demonstration participation time trends and patient risk factors. If none of the hospital
coefficients change as the other variables are stepped into the regression, we can conclude
that patient mix is uncorrelated with site of surgery among these institutions.

The second model includes the hospital dummies and the demonstration participation
time trend variable. Inclusion of the trend variable in this stage tests whether outcomes
across all sites differ systematically as a group between the early months of the
demonstration and the later months. Again, this regression does not control for any patient
risk factors. In Chapter 7, we observed no significant time trend, until we controlled for

patient risk factors.
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The third model steps in the modified NNECDSG list of patient risk factors. This
in-hospital mortality model controls for all pre-operative patient risk factors found to be
important in the work by O’Connor and others. The fourth model contains only those
variables from the NNECDSG list of patient risk factors that are found in claims data.
Comparison of Model 4 with Model 3 will provide us with a sense as to how well restricted
Model 4 will explain in-hospital mortality between the demonstration and competitor
hospitals.

The likelihood ratio chi-square test is used to identify the variables that exhibit a
reasonable level of association with the dependent variable. A ten percent confidence level
is used as the standard for assessing association and statistical significance. To compare the
explanatory ability of the competing hospitals we use two statistical tests. When comparing
nested models, we use the likelihood ratio chi-square statistic, G>. To compare the
explanatory ability of non-nested models, we use the C statistic, which is a measure of
correlation between the predicted probability of a response and the actual response. A value
of 1.0 indicates perfect prediction, while a value of 0.5 indicates random prediction. A
model with a C statistic of 0.75 or greater is generally considered strongly predictive.

Table 8-2 displays mean values by hospital for variables used in the multivariate
regression analysis. Table 8-3 displays mean values by calendar year for all demonstration
sites. There is considerable variation in the degree of reported patient co-morbidity across
the seven demonstration sites ranging from a low of 0.53 in the Charlson Index at Hospital

G to a high of 1.89 at Hospital B. The low Charlson Index at Hospital G may explain, in
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Table 8-2

Mean Values By Hospital For Variables
Used In Multivariate Analysis of Patient Severity

Hospitals
Overall A B C 1 E F G
Variable =10,546) (N=1,256) (N=3,598) (N=1,973) (N=754) (N=753) (N=1485) _(N=727)
CHARLSON 1.38 1.31 1.89 0.70 1.23 1.24 1.65 0.53
URGMERGE 0.40 0.63 0.24 0.69 0.47 0.43 0.11 0.47
AGE 71.01 7148 70.67 71.19 69.75 71.61 71.00 72.00
SEX 0.34 0.36 0.34 0.32 0.34 0.30 0.32 0.34
BSA 1.95 1.91 1.95 1.95 1.93 1.97 1.95 1.93
PREVCABG 0.12 0.09 0.09 0.11 0.22 0.13 020 0.22
MILDEJ 0.26 0.22 0.34 0.20 0.12 0.14 0.21 0.12
MODE] 0.21 0.21 0.22 0.30 0.08 0.10 0.17 0.08
SEVE] 0.20 0.18 0.16 038 0.12 0.11 0.18 0.12
DDEAD 0.05 0.04 0.05 0.04 0.04 0.03 0.08 0.02

SOURCE: ‘Abstracts of clinical records from the demonstration hospitals, May 1991 through June 1996.
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Table 8-3

Mean Values By Year For Variables
Used In Multivariate Analysis of Patient Severity

1991 1992 1993 1994 1995
1 2 3 4 5

Variable (N=1332) (N=1,423) (N=2,564) (N=2,524) (N=2,698) -
CHARLSON 1.06 1.32 1.53 1.46 1.57
URGMERGE 0.30 0.38 0.39 0.50 0.50
AGE 71.00 71.09 71.05 70.05 70.94
SEX 0.33 0.33 0.34 0.34 0.36
BSA 1.94 195 1.95 1.94 1.95
PREVCABG 0.17 0.11 0.11 0.10 0.09
MILDE]J 0.22 0.25 0.24 0.32 0.30
MODEJ 0.17 0.18 0.21 0.23 0.25
SEVEJ 0.18 0.19 0.18 0.23 0.22
DDEAD 0.05 0.05 0.05 0.04 0.05

SOURCE: Abstracts of clinical records from the demonstration hospitals, May 1991 through June 1996.
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part, the low mortality rate (2 percent) observed during the demonstration period at that
hospital, or it could reflect incomplete coding of pre-operative risk factors by Hospital G.
Although Hospital B has the highest Charlson Index of the seven sites, it does not have the
highest in-hospital mortality rate.

There is also considerable variation across the seven study sites in the proportion of
cases that are admitted with a revascularization priority of urgent or emergent. This situation
has been discussed in detail in Chapter 7. There is minor variation in average age, the
proportion of cases that are female, and BSA. The proportion of cases that have had a
previous CABG ranged from a low of 9 percent at Hospitals A and B to a high of 22 percent
at Hospitals D and G. These high proportions seem in contradiction to their relatively low
Charlson Indices. Lastly, there is considerable variation in the proportion of cases assigned
to the three ejection fraction variables. Only about one-third of cases in Hospitals E and G
have reported ejection fractions of less than 60 percent. In contrast, Hospital C has almost
two-thirds of its cases with reported moderate or severe ejection fractions. There does not
seem to be any direct correlation between ejection fraction and the probability of dying
across these seven sites. (See last two rows.)

With respect to temporal changes, we observed an increasing level of co-morbidity
over time. This is consistent with findings from the NNECDSG. The proportion of cases
admitted as either urgent or emergent also increased substantially over the five year period.
Age, proportion female, and average BSA remained fairly constant. In contrast, the

proportion of cases with a previous CABG actually declined. It also appears that the total
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proportion of cases with low ejection fractions also increased. In 1991, 57 percent of all cases
were classified in one of the low ejection fraction groups. By 1996, 77 percent of all cases
were classified in one of the low ejection fraction groups. The distribution across the three
groups appeared to have remained fairly stable. There was no apparent change in the in-
hospital mortality rate over the five years of the demonstration.

It is important to note that Table 8-3 is based upon calendar years and not on the
hospital’s year of participation in the demonstration. In Chapter 7, we concluded that there
appeared to be a downward trend in mortality related to the length of time the hospital was

participating in the demonstration.

8.4.1 Pooled In-Hospital Morality Logistic Regression Results

Table 8-4 reports odds ratios and chi-square p-values for three of the four in-hospital
mortality models. Coefficient estimates themselves are not reported because they are not
directly interpretable; attention is instead focused on odds ratios that indicate the degree to
which the presence of a risk factor affects mortality. The overall model chi-square (and p-
value) and the number of observations are included at the bottom of each regression.

Model 1 contains only the six dummy variables indicating the hospital at which the
CABG surgery occurred with Hospital C embedded in the intercept. Three of these hospital
dummy variables are signiﬁcant at the 0.10 level or better suggesting some cross-sectibnal
differences in in-hospital mortality, unadjusted for patient severity. The risk of in-hospital

mortality is 31 percent higher at Hospital B than at Hospital C and roughly 35 percent lower
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Table 8-4

Pooled In-Hospital Mortality Logistic Results

Model 1 Model 2 Model 3

Variable Odds Ratio P-Value Odds Ratio P-Value Odds Ratio P-Value
INTERCEPT 0.038 *** 0,00 0.041 *** 0,00 0.001 ***  0.00
STRTDEMO - - 0.998 0.57 0.993 *** 0,01
HOSPITAL A 0.97 0.838 0.97 0.88 1.30 0.21
HOSPITAL B 1.31 * 0.06 1.31 * 0.06 2.57 #** 001
HOSPITAL D 1.15 0.54 1.15 0.52 2.13 *** 0,01
HOSPITAL E 0.78 0.32 0.76 0.28 1.28 0.37
HOSPITAL F 241 *** 0,00 2.35 **x 0,00 448 *** 0,01
HOSPITAL G 0.63 * 0.09 0.61 * 0.07 0.85 0.61
CHARLSON - - . - 1.13 *x* 001
URGMERGE - - - - 2.67 ¥**  0.01
AGE 1.04 ***  .0.01
SEX 1.44 *** 0,01
BSA 0.78 0.29
PREVCABG 2.93 ***x 0]
MILDE] 0.95 0.76
MODE] 1.60 *** 001
SEVE] 2.50 *** 0,01
No. Observations 10,478 10,474 10,064
Overall Chi-Square

(p-Value) 64.40 (0.0001) 64.70 (0.0001) 264.6 (0.0001)
NOTE:

**+* indicates significance at'the .01 level, ** at the .05 level, and * at'the .10level.

? The numbers reported here are odds ratios, not regression coefficients (see text). ‘An odds ratio less than
1-represents a negative relationship between the independent and dependent variables.

SOURCE: Abstracts of clinical records from the demonstration hospitals, May 1991 through June 1996.
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at Hospital G relative to Hospital C. However, most notable is Hospital F, which exhibits
an odds ratio of 2.41 (p=<0.01). Thus, patients undergoing CABG surgery at Hospital F are
141 percent more likely to die than patients undergoing CABG surgery at Hospital C. A
review of the hospital-specific mean values of pre-operative risk factors does not provide any
immediate explanation for such a large difference in relative mortality risk.

Model 2 includes the same hospital dummy variables, as well as the monthly trend
variable reflecting the timing of the CABG surgery relative to the hospital entering the
demonstration. The same three hospital dummy variables rémain significant in Model 2, and
their direction and magnitudes are unaffected by inclusion of the time trend variable, which
is insignificant as well. As in Chapter 7, we conclude that in the absence of any controls for
patient severity, there has not been any statistically discernible trend in pooled in-hospital
mortality among the seven sites over the 60 months during which the demonstration has
taken place.

Model 3 includes the hospital dummy variables, time trend, and the set of patient risk
factors that are contained in the NNECDSG model and the clinical data base. The number
of observations in Model 3 (N=10,096) falls modestly from the number of observations used
in estimating Models 1 and 2 due to missing values for only a couple of variables included
in Model 3. As discussed in Chapter 7, many of the “missing” values were presumed to have
been “nos” and set equal to zero in the creation of the dummy variables. All of the hospital
coefficients rise with the inclusion of the patient risk variables. Hospital F’s odds ratio

increases from 2.35 to 4.48 when patient risk factors are entered in the equation. This change
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is far greater than found in Chapter 7. We explored this change in considerable detail and
conclude that the probability of dying in Hospital F relative to Hospital C is highly dependent
upon the specification of the risk factors in the model. Removing the variable URGMERGE
returns Hospital F’s odds ratio to the level observed in Model 2. This is not surprising given
the extremely low proportion of cases reported as urgent or emergent in Hospital F relative
to Hospital C (11 percent versus 69 percent). As discussed earlier in this report, there was
considerable variation in the definition of urgent/emergent used across the demonstration
sites. Apparently, significant numbers of patients at Hospital F die but are not classified as
urgent or emergent. Conversely, significant numbers of patients at Hospital C live yet are
classified as urgent or emergent. These findings are consistent with the findings reported in
Chapter 7 but with a model employing a much larger number of risk factors.

The time trend odds ratio, statistically non significant (p=.57) in Model 2, becomes
statistically significant with the inclusion of the patient risk factors, odds ratio = 0.99
(p=-01). The odds ratio of 0.99 means that the risk of dying decreased by approximately one
percentage point for each additional month of participation in the demonstration. Thus,
patients who undergo CABG surgery in the second year of a hospital’s participation in the
demonstration would have an 11 percent lower risk of in-hospital mortality than patients at
the outset of the demonstration. This is a highly significant finding and is consistent with
the findings reported earlier in the report. Thus, it appears that the trend of decreasing

mortality is not overly sensitivity to the specification of risk factors.
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Not unexpectedly, many of the patient risk factors are l}ighly significant in Model 3.
The risk of in-hospital mortality associated with having undergone previous CABG surgery
is highly significant. Those patients with a previous bypass surgery had an odds ratio of 2.93
(p<.01) and are 2.9 times more likely to die in-hospital than patients with no previous history
of CABG!. This high odds ratio suggests that this variable very likely captures high levels
of illness severity not measured elsewhere in the model. Revascularization priority (urgent,
emergent) also appears to affect in-hospital mortality. CABG patients described as "urgent
or emergent" have an in-hospital mortality odds ratio of 2.67, compared to elective patients.
With an odds ratio of 2.67 (p<.01), an urgent/emergent case is over two and one-half times
more likely to die in-hospital than an elective case.

Older CABG patients face significantly increased risks of in-hospital mortality
compared to younger patients. For every decile of age, the odds of dying increases by 55
percent (e*¢>"12), Women are found to be at significantly higher risk of dying in the hospital
then men, with an odds ratio of 1.44 (p<0.01). Body surface area, a measure that evaluates
weight relative to height, is insignificant in this regression model.

Left ventricular ejection fraction of 50 percent or less is a highly significant (p<.01)
predictor of in-hospital mortality. Patients with an ejection fraction between 40 and 50
percent are 60 percent more likely to die than similar patients with an ejection fraction
greater than 60 percent. Patients with an ejection fraction less than 40 percent are 150 percent

more likely to die than similar patients with an ejection fraction greater than 60 percent.

! This odds ratio is almost exactly the one found in Model 4b, Table 7-5, Chapter 7 using the most parsimonious set of
risk factors.
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Lastly, the odds ratio of the Charlson Index (odds ratio=1.13, p<0.01) indicates that
the presence of co-morbidities prior to surgery significantly increases the risk of dying. A
one unit increase in the Charlson Index raises the risk of dying by 13 percent. Thus, diabetics
with sequelae (weight of 2 in the Charlson Index) are 13 percent more likely to die than
diabetics without sequelae (weight of 1 in the Charlson Index), ceteris paribus. Patients with
diabetes and COPD are 26 percent more likely to die in-hospital as compared with patients
with no-comorbidities.

To summarize, there is a significant overall time trend in mortality among the
demonstration sites, as was demonstrated in Chapter 7, but using here a more limited
regression model. Patients who undergo a CABG procedure later in the demonstration (and
measured as months since the hospital entered the demonstration) have a lower risk of in-
hospital mortality than those that had their CABG earlier in the demonstration period. In
addition, three of the six demonstration sites exhibited statistically significant higher in-
hospital mortality risk relative to Hospital C, even after accounting for pre-operative risk
factors. However, site-specific relative risks appear to be quite sensitive to the pre-operative
risk factors included in the regression models. Further, the regression results are consistent
with those reported by O’Connor et al, (1991). Patients who have had a previz)us CABG, are
older, are female, have lower ejection fractions, who are admitted either urgently or
emergently, and who have co-morbid conditions prior to surgery are all at higher risk of in-

hospital death following CABG surgery.
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In addition, the model’s C statistic of 0.738 (not discussed earlier) suggests that the
model is a fairly strong predictor of in-hospital mortality. Thus, it appears that it is a
reasonable candidate for use in our comparison between demonstration and competitor
hospitals. In Section 8.4.3, we examine how well this model performs excluding variables

unavailable in claims data.

8.4.2 Within-Site In-Hospital Morality Logistic Regression Results

The possibility that the demonstration might result in differing time trends by hospital
motivated within-site logistic in-hospital mortality analysis. The results of our within-site
logistic regressions are reported in Table 8-5. The risk factors chosen for these regressions
are those appearing in Model 3.

The key finding among the site-specific regressions in Table 8-5 concerns the time
trend. This variable, statistically significant in the pooled logistic in-hospital mortality full
model (odds ratio = 0.99, p=0.03) is highly significant (p<.01) in the regression model for
only Hospital A. This variable has an odds ratios less than unity, indicating a decrease in in-
hospital mortality during their participation in the demonstration. Hospital A's unadjusted
mortality rate has declined steadily during the 60 months of the demonstrz;tion, from an
annualized rate of 6.3 percent in 1991 to 1.7 in 1996 (see Appendix Table L-7-2). This
finding is similar to the within hospital morality analyses conducted in Chapter 7 with the

exception of Hospital F. In the earlier analyses, Hospital F’s time trend variable also
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Chapter 8 ~ Patient Severity and Mortality in Demonstration and Competitor Hospitals

demonstrated a statistically significant negative trend. Neither analysis reports any other
significant trend in in-hospital mortality during the 60 months of the demonstration.

The risk variables included in the Within-site regressions are not, in general, as
significant as they are in the pooled analysis, no doubt due largely to reduced sample sizes.
Previous CABG — the variable with the greatest quantitative impact on mortality risk in the
pooled model — and urgent/emergent revascularization priority are significant in six of the
seven site-specific regressions. None of the other variables are consistently strong predictors
of in-hospital mortality across the majority of the sites.

The key finding from the within-site in-hospital mortality model concerns the time
trend. This variable, statistically significant in the pooled logistic in-hospital mortality
modei, is highly significant (p<.01) in only one site-specific regression model, Hospital A.
It has an odds ratio less than unity, indicating a decrease in in-hospital mortality during its
participation in the demonstration. No other sites showed a significant trend in in-hospital
mortality during the 60 months of the demonstration. The risk variables included in these
within-site regressions were not, in general, as significant as they were in the pooled analysis,
no doubt due largely to reduced sample sizes. All of these results are generally consistent

with earlier reported findings.

8.4.3 Pooled In-Hospital Morality Logistic Regression Results Using Only
Claims-Based Variables

Model 4 was constructed using only the variables from Model 3 that are available in

Medicare claims data. The odds ratios and associated p-values of this “reduced-form”

Health Economics Research, Inc. Medicare Heart Bypass Center Demonstration: 8-22
heart2\final\chap8.wpd\nd



Chapter 8 Patient Severity and Mortality in Demonstration and Competitor Hospitals

NNECDSG model are displayed in Table 8-6. Model 3 is displayed for comparison
purposes.

The overall predictive power of Model 4 falls slightly when ejection fraction and
BSA are removed from the regression model. Model 4's C statistic is 0.715 as compared
with Model 3's C statistic of 0.738. Because Model 4 is a nested within Model 3, we also
conducted a log-likelihood ratio test. The results of the test do not allow us to reject the null
hypothesis that the coefficients of the excluded variables in Model 4 are jointly equal to zero.

The most notable finding in Model 4 is the continuing statistical significance of the
time trend variable. The odds ratio remains at 0.99 (p<0.05). Once again, this trend appears
to hold despite changes in the variables used to capture changes in patient severity over time.
Generally speaking, the magnitude of the relative risk estimates in Model 4 do not differ
greatly from their counterparts in Model 3. All hospitals exhibit lower risks of dying relative
to Hospital C in Model 4 than they do in Model 3. Urgent/emergent revascularization
priority, previous CABG, being female or older, and having one or more co-morbid
conditions are all strongly and positively associated with a higher risk of mortality. |

The key finding from this analysis is that Model 4, a model that contains only
variables available in claims data, exhibits strong predictive power and appears to perform
as well as a more expansive model that requires clinical information not available in claims
data. Also significant is the finding that the time trend variable remains less than unity and

is statistically significant.
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Table 8-6
Pooled In-Hospital Mortality Logistic Results
Comparison of Full and Reduced Form Models
Model 3 Model 4
Variable Odds Ratio P-Value Odds Ratio P-Value
INTERCEPT 0.000 ***  0.00 0.000 ***  0.00
STRTDEMO 0.993 *** 0,01 0.990 **  0.05
HOSPITAL A 1.30 0.21 0.90 0.59
HOSPITAL B 2.57 ***  0.01 1.77 ***  0.00
HOSPITAL D 2.13 ***+ (.01 1.35 0.19
HOSPITAL E 1.28 0.37 0.78 0.33
HOSPITAL F 4.48 *** (.01 3.12 ¥+ 0.00
HOSPITAL G 0.85 - 0.61 0.58 ** 0.05
CHARLSON 1.13 #*+*  0.01 1.15 ***  0.00
URGMERGE 2,67 ***  0.01 2.74 ***  0.00
AGE 1.04 ***  0.01 1.04 ***  0.00
SEX 1.44 ***  0.01 1.38 ***  0.00
BSA 0.78 0.29
PREVCABG 293 ***x (.01 3.03 ***  0.00
MILDEJ 0.95 0.76
MODEJ 1.60 ***  0.01
SEVEJ] 2.50 **+x 0,01
No. Observations 10,064 10,479
Overall Chi-Square
(p-Value) 264.6 (0.0001) 301.9 (0.0001)

C Statistic 0.738 0.715
NOTE:

*#* indicates significance at the .01 level, ** at the .05 level, and * atthe .10 level.

? The numbers reported here are odds ratio, not regression coefficients (see text). .An-odds ratio less than
1 represents.a negative relationship between the independent and dependent variables.

SOURCE: Abstracts of clinical records from the demonstration hospitals, May 1991 through June 1996.
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8.5 Clinical Versus Claims Data Comparisons

Risk factors and outcomes from clinical abstract data provided by each of the seven
demonstration sites are compared to those obtained from Medicare claims data. In Table 8-7,
the mean values for patient characteristics, pre-operative risk factors, post-operative
complications, in-hospital mortality, and length of stay are presented. Overall mean values
(all hospitals bombined) are reported along with hospital specific values.

The total number of demonstration patients identified in the claims data are more than
those reported in the clinical abstract data (10,546 versus 11,403), but overall for most of the
hospitals the number of cases are quite similar. For instance, in the case of Hospital A, the
diffe;ence is only 4 cases. In spite of the differences in the number of bypass cases, age and
gender distributions from the clinical and claims data are identical for the majority of the
hospitals.

Several pre-operative risk factors that are important predictors of post-CABG
mortality are compared. The combined clinical and claims values, shown in the first two
columns in Table 8-7, indicate that the proportion of patients assigned to DRG 106, with the
presence of congestive heart failure (CHF), and have had an intra-aortic balloon pump
(IABP)