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The objectives of this study were to
compare the risk-adjusted mortality of
coronary artery bypass graft (CABG) and
acute myocardial infarction (AMI) patients
simultaneously in six hospitals in Seoul,
Korea, and to investigate the relationship
between these performance measures by
developing a predictive model of mortality.
The medical records of 749 AMI and 564
CABG patients were reviewed. A predictive
model was developed using logistic
regression, including 170 variables selected

as risk factors for risk adjustment. The
validity of our predictive model was
demonstrated to be within an acceptable
range. The results showed that one hospital
with a significantly low AMI mortality rate
also had a low CABG mortality rate, while
another hospital with a significantly high
AMI mortality rate also had a high CABG
mortality rate. Our results implied that
hospitals providing good-quality medical
management of coronary artery disease also
provided a good-quality surgical service.
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Introduction
Comparing risk-adjusted mortality is one of
the main methods used to assess the quality
of a hospital’s performance. Patients receiving
coronary artery bypass graft (CABG)
surgery1 – 4 and patients treated for acute
myocardial infarction (AMI)5,6  are among
the most commonly studied subjects used to
assess outcomes of medical and surgical
care. As previous studies have usually dealt
with only one subject, either CABG or AMI,
the surgical and medical performance of an
individual hospital has not been evaluated

simultaneously. If a hospital provides a
high-quality medical service for patients
with coronary artery disease it might be
reasonable to predict that the same hospital
would also have a high-quality surgical
service. No previous study has demonstrated
a relationship between quality of surgical
service and the medical management of
coronary artery disease provided by hospitals,
however. Furthermore, most studies have
been carried out in selected Western countries
and we do not know the situation in
developing countries, where the incidence of
coronary artery disease has been increasing.
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Making adjustments for patients’ risk
factors is essential when assessing patient
outcomes.7 There are some risk measurement
instruments, but the detailed contents of
these instruments have not been made
available in the literature and they usually
have to be purchased. Alternatively, it is
possible to develop a mortality prediction
model, which has the additional advantage
of including more risk factors so that it can be
tailored to suit the study aims and context.

In Korea, risk-adjusted outcome evaluation
is in its infancy, as in many other developing
countries. This study aimed to compare the
risk-adjusted mortality of CABG and AMI
patients simultaneously in several Korean
hospitals and to investigate the relationship
between these two performance measures, by
developing a predictive model of mortality.

Patients and methods
PATIENTS AND DATA COLLECTION 
Six general teaching hospitals, each with
500 – 1500 beds, located in metropolitan areas
in Seoul, Korea, participated in this study. All
AMI and CABG patients admitted to any 
of the study hospitals from 1 January to 
31 December 1999 were included in the study.
Two cardiologists selected 170 variables from
previous studies and risk adjustment tools
such as MedisGroups, Disease Staging and the
Computerized Severity Index.7 Two trained
nurses retrospectively reviewed the medical
records to collect the data. As we retrospect-
ively collected data from medical records, we
could not include more general factors such
as social status, income or nutritional
factors. Ethical committee approval and
informed patient consent were not required
for this retrospective study.

STATISTICAL ANALYSIS
By using univariate analysis employing
death as a dependent variable, independent

variables that could enter the multivariate
predictive model were selected based on a
significance level set at 0.05. Missing values
were accounted for by deploying the Min-
imum Generalized Variance method,8 which
was performed using the PRINQUAL pro-
cedure (SAS® software, Version 8.2; Cary, NC,
USA).9 Interactions between independent
variables at the significance level of 0.05
were also selected. A final multiple logistic
regression model was developed, using the
stepwise method.

To evaluate the validity of the model,
cross-validation and bootstrapping were
used.7 – 9 Thirty-fold cross-validation was
repeated five times to evaluate the over-fit of
the model. The developed model was applied
in 100 bootstrap samples to calculate the 
c-statistic and its 95% confidence level. The
presence of over-fitting was determined
through comparison with the confidence
level and the c-statistic. 

The Hosmer-Lemeshow statistic was also
calculated to evaluate the goodness-of-fit of
the model. The risk-adjusted mortality was
calculated by dividing actual mortality by
expected mortality, and by multiplying the
total mortality of the number of subjects. The
confidence level of the risk-adjusted mortality
in each hospital was also estimated.7

Results
Four AMI patients were excluded from the
study because they were transferred to
another hospital within 24 h of admission. A
total of 749 AMI and 564 CABG patients
were included in this study. The overall
mortality rate was 15.0% for AMI patients
and 7.1% for CABG surgery patients in six
hospitals (A – F, Table 1). The mortality rate
of AMI patients was lowest in hospital B and
highest in hospital F, while the mortality rate
of CABG patients was also lowest in hospital
B, but highest in hospital E. Thirty-two and
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TABLE 2: 
Multiple logistic regression model results for patients with acute myocardial infarction in
six Korean hospitals

Odds 95% Confidence
Variables b-coefficient P-value ratio interval 

Intercepts –0.4897 NS – –  

Age (years) < 45 – – – –

45 – 55 0.2402 NS 1.271 0.476, 3.834

56 – 65 –0.7810 NS 0.458 0.081, 2.574

> 65 1.2603 0.0305 3.526 1.172, 11.726

Sex F – – – –
M 0.1562 NS 1.165 0.528, 2.673

Ejection fraction –0.0196 0.0133 0.981 0.965, 0.996

Systolic blood pressure –0.0097 NS 0.990 0.98, 1.000

Congestive heart failure No – – – –

Yes 0.9958 0.0026 2.707 1.409, 5.155

Cardiac arrest No – – – –

Yes – – 6.787 2.734, 17.309

ECG ischaemic change No – – – –

Yes –2.0522 0.0025 0.128 0.029, 0.425

Arrhythmia No – – – –

Yes –0.5788 0.0469 0.560 0.316, 0.996

LAD artery involved No – – – –

Yes –0.6198 0.0236 0.538 0.312, 0.915

Verbal response within 48 h Oriented – – – –

Confused 0.5218 NS 1.685 0.616, 4.370

Inappropriate 2.6197 NS 13.732 0.785, 452.678

Incomprehensible –0.8195 NS 0.441 0.048, 3.072

None 1.7155 0.0142 5.56 1.448, 22.636

Acute neurological No – – – –
change within 48 h Yes 1.0808 0.0122 2.947 1.226, 6.705

ECG, electrocardiogram; LAD, left anterior descending; NS, not significant. 

428

27 significant variables were selected by
univariate analysis for the AMI and CABG
multiple logistic regression models,
respectively. After substituting missing

values in these variables, final models that
included 11 variables for AMI and seven
variables for CABG were constructed (Tables
2 and 3). 
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The c-statistic values were 0.887 and
0.791, and the R2 values were 0.268 and
0.105 for AMI and CABG patients,
respectively (Table 4). The c-statistics
obtained after repeating the 30-fold cross
validation five times were slightly higher
than the values obtained from the models,
which suggested that there was no over-
fitting. The 95% confidence interval range
was between 0.865, 0.914 and 0.763, 0.824
for AMI and CABG patients, respectively,
suggesting the model has no over-fitting.

The Hosmer-Lemeshow statistic, which is

a goodness-of-fit index for the mortality
prediction model, was 6.335 and 10.321.
There was no statistically significant
difference in the distribution of expected
number of deaths calculated from the
developed models in the deciles by predicted
probability, and actual mortality increased
as expected mortality increased (Table 4).

Figure 1 shows the risk-adjusted mortality
for each hospital. For AMI patients, the
range of risk-adjusted mortality was 11.29 –
17.84, and for CABG patients, the range was
0.2 – 12.4, which was smaller than the range

TABLE 3: 
Multiple logistic regression model results for patients undergoing coronary artery bypass
graft surgery in six Korean hospitals

Odds 95% Confidence
Variables b-coefficient P-value ratio interval 

Intercepts –4.3122 < 0.0001 – – 

Age (years) < 55 – – – –

55 – 65 0.6694 NS 1.953 0.668, 5.714

> 65 0.8911 NS 2.438 0.813, 7.311

Sex M – – – –

F 0.6623 NS 1.939 0.891, 5.714

BUN ≤ 10 – – – –

> 10 1.3363 0.0033 3.805 1.56, 9.284

ECG rhythm Normal – – – – 

Arrhythmia 0.1936 NS 1.214 0.464, 3.174

Runs of ventricular
tachycardia 1.9962 0.0265 7.361 1.261, 42.949

Congestive heart failure No – – – –

Yes 2.3162 0.0025 10.138 2.253, 45.612

Acute mental change No – – – –

Yes 3.7292 0.0049 41.647 3.094, 560.543

Angina history No – – – –

Yes 0.6886 NS 1.991 0.937, 4.232

BUN, blood urea nitrogen; ECG, electrocardiogram; NS, not significant.
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of actual mortality. The hospitals that were

statistical outliers in the adjusted mortality

analysis had almost identical AMI and

CABG mortality rates. Hospital B had a

statistically significant low mortality rate

both in AMI and CABG patients, suggesting

that this hospital had a higher quality of

care for both types of patients compared with

the other hospitals (P < 0.01). In contrast,

hospital C had a significantly high mortality

rate for both AMI and CABG patients 

(P < 0.05), which suggested that this hospital

had a poor level of care for both patient

types. Mortality rates at the other hospitals

were not statistically different from the

overall mortality rates for all the AMI and

CABG patients in the study. Hospital A was

the exception, as it had a significantly high

mortality rate for AMI patients, but not for

CABG patients.

Discussion
The validity of the predictive model used in
this study was comparable with those used in
previous studies. For AMI patients, Iezzoni et
al.10 and Krumholz et al.6 reported c-statistic
values of 0.77 – 0.83 and R2 values of 
0.17 – 0.23, and a Hosmer-Lemeshow statistic
of 12.902. For CABG surgery, the c-statistic
values in a previous study were 0.73 – 0.83
and the R2 values were 0.17 – 0.24.11,12 The
values of these parameters for the model used
in this study were similar or superior com-
pared with those of previous studies.6,10 – 13 In
addition, the results from cross-validation
and bootstrapping indicate that our model
was not over-fitted. 

This study demonstrates that the risk-
adjusted mortality of AMI and CABG had a
significant relationship in the six Korean
hospitals in this study. For example, mortality

FIGURE 1: Risk-adjusted mortalities and 95% confidence intervals for acute
myocardial infarction (AMI) and coronary artery bypass graft (CABG) surgery in
patients in six Korean hospitals 
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could represent the quality of medical
services at a particular hospital,13 – 15 this
study supports the theory that if a hospital
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Our results found that the risk-
adjusted hospital mortality for patients with
coronary artery disease varied among six
Korean hospitals. Our results also implied
that hospitals providing good-quality
medical management of coronary artery
disease also provided a good-quality surgical
service, and that one type of quality
indicator can represent other types of 
service in the management of coronary
heart disease patients. As this study had
some shortcomings, further research is
needed to confirm the results by including
more general risk factors in our predictive
model. 
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