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Development of a Model for Comparing
Risk-adjusted Mortality Rates of Acute
Myocardial Infarction Patients

Hyeung-Keun Park”, Hyeong-Sik Ahn®*

Korea Health Industry Development Institute”
Department of Regventive Medicine, College of Medicine, Ke

Abstract

Objectives: To develop a model that predicts a death probability of acute myocardial
infarction(AMI) patient, and to evaluate a performance of hospital services using the developed
model.
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Methods: Medical records of 861 AMI patients in 7 general hospitals during 1996 and 1997
were reviewed by two trained nurses. Variables studied were risk factors which were measured
in terms of severity measures. A risk model was developed by using the logistic regression, and
its performance was evaluated using cross-validation and bootstrap techniques. The statistical
prediction capability of the model was assessed by using c-statistic, R® as well as
Hosmer-Lemeshow statistic. The model performance was also evaluated using severity-adjusted

mortalities of hospitals.

Results: Variables included in the model building are age, sex, ejection fraction, systolic BP,
congestive heart failure at admission, cardiac arrest, EKG ischemia, arrhythmia, left anterior
descending artery occlusion, verbal response within 48 hours after admission, acute neurological
change within 48 hours after admission, and 3 interaction terms. The c statistics and R’ were
0.887 and 0.2676. The Hosmer-Lemeshow statistic was 6.3355 (p-value=0.6067). Among 7
hospitals evaluated by the model, two hospitals showed significantly higher mortality rates, while
other two hospitals had significantly lower mortality rates, than the average mortality rate of all

hospitals. The remaining hospitals did not show any significant difference.

Conclusion: The comparison of the qualities of hospital service using risk-adjusted mortality
rates indicated significant difference among them. We therefore conclude that risk-adjusted
mortality rate of AMI patients can be used as an indicator for evaluating hospital performance in

Korea.

Key words: Acute myocardial infarction, Risk adjustment, Hospital Mortality
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Table 1. Actual mortalities of study patients by hospitals (%)

Hospital A B C D E F G Total
No. of study patients 109 160 166 138 83 93 112 861
Age
Average age 64.2 584 61.5 60.6 58.1 60.8 60.4 60.6
<45 6 28 20 17 14 11 21 117
45< <60 36 65 55 45 36 31 27 295
60< <75 48 56 74 67 24 42 50 361
75< 19 11 17 9 9 9 14 88
Sex
Male 66 134 111 94 64 67 85 621
Female 43 26 55 44 19 26 27 240
No. of death 24 16 27 22 12 12 12 125
Mortality (%) 22.2 10.0 16.3 15.9 14.5 12.9 10.7 14.5

Table 2. Continuous variables involved in model development and frequency of missing values

Frequencies of missing

Variables No value Total
Heart rate 851 10 861
Respiration rate 845 16 861
Systolic pressure 851 10 861
Albumin 713 148 861
AST 762 99 861
BUN 816 45 861
Ejection fraction 653 208 861
Glucose in blood 791 70 861
Hematocrite 819 42 861
HCO; 861 0 861
Pcoy 861 0 861
24hr unrine output 644 217 861
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Table 3. Categorical variables involved in model development and frequency of missing values
Variables Frequency Variables Frequency

CHF in present Hepatojugular Reflex

yes 95 yes 10

no 756 no 840

missing value 10 missing value 11
Circumflex Artery involved Ischemic Cerebral Infarction

yes 233 yes 16

no 597 no 799

missing value 31 missing value 46
Cardiopulmonary Resuscitation Left anterior descending artery involved

yes 83 yes 394

no 772 no 435

missing value 31 missing value 32
Cyanosis Neurological change

yes 35 yes 64

no 819 no 578

missing value 7 missing value 219
Diabetes Mellitus Peripheral Edema

yes 190 yes 11

no 651 no 836

missing value 20 missing value 14
EKG ischemia Acute mental change

no change 109 yes 50

acute T-wave Change 655 no 581

missing value 97 missing value 230
Pericardial friction rub Rale

yes 32 yes 243

no 811 no 613

missing value 18 missing value 1
Right circumflex artery involved ST elevation

yes 319 yes 43

no 514 no 376

missing value 28 missing value 12
Dyspnea Eye opening

apnea 20 spontaneous 795

dyspnea in rest 176 to speech 16

dyspnea in activity 289 to pain 12

no dyspnea 360 none 33

missing value 16 missing value 5
Verbal response Arrhythmia

oriented 782 normal 536

confused 32 others arrythmia 283

inappropriate 3 runs of ventricula tachicardia 35

incomprehensible 6 missing value 7

none 33

missing value 5
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Table 4. Developed multiple logistic regression model for Comparing Risk-adjusted Mortality Rates

95% confidence

Variables B -Coefficient P-value Odds Ratio interval
Intercepts -0.4897 0.6205
Age = 45
45< < 60 0.2402 0.6485 1.271 0.476-3.834
60< < 75 -0.7810 0.3738 0.458 0.081-2.574
75< 1.2603 0.0305 3.526 1.172-11.726
Sex female
male 0.1562 0.7116 1.165 0.528-2.673
Ejection fraction -0.0196 0.0133 0.981 0.965-0.996
Systolic blood pressure -0.0097 0.0520 0.990 0.98-1.000
CHF no
yes 0.9958 0.0026 2.707 1.409-5.155
Cardiac arrest no
yes 1.9151 0.0001 6.787 2.734-17.309
EKG ischemia ischemic change
no change -2.0522 0.0025 0.128 0.029-0.425
. arrythmia
Arrhythmia normal rhythm -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 oriented
within 48hr confused 0.5218 0.2938 1.685 0.616-4.370
inappropriate 2.6197 0.0887 13.732 0.785-452.678
incomprehensible -0.8195 0.4232 0.441 0.048-3.072
none 1.7155 0.0142 5.56 1.448-22.636
Acute neurological change no
within 48hr yes 1.0808 0.0122 2.947 1.226-6.705
neurological change -1.7788 0.0255 0.169 0.036-0.821
xcardiac arrest
cardiac arrestxarrhythmia 2.8439 0.0004 17.182 3.841-90.007
sexxage2 1.1171 0.0445 3.056 1.044-9.286
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Table 5. Ability of developed model to predict in-hospital death

Deciles by predicted Probability of Subjects Number of Number of  Actual mortality Expected
Death actual death expected death rate mortality rate

1 86 0 0.52 0.0 0.6
2 86 2 1.56 2.3 1.8
3 86 1 2.44 1.2 2.8
4 86 5 321 5.8 3.7
5 86 2 4.10 2.3 4.8
6 86 5 5.27 5.8 6.1
7 87 9 7.50 10.3 8.6
8 86 7 10.94 8.1 12.7
9 86 28 24.87 32.6 28.9
10 86 66 64.58 76.7 75.1

c statistics 0.887

cross-validated ¢ statistics 0.891

R2x100 26.76

Hosmer-Lemeshow statistics

63355 (p value = 0.6097)

Table 6. Risk-adjusted mortalities and confidence intervals

Hospital Nq. of No. of Actue}I Risk-adquted Risk—adjustgd mortality
patients death mortality mortality confidence interval(95%)

A 109 24 222 17.19 14.94 - 1945

B 160 16 10.0 11.48 9.24 - 13.71

C 166 27 16.3 17.84 15.51 - 20.16

D 138 22 15.9 14.49 12.32 - 16.66

E 83 12 14.5 15.44 12.20 - 18.67

F 93 12 12.9 12.76 9.98 - 15.53

G 112 12 10.7 11.29 8.69 - 13.89
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Figure 1. Risk-adjusted mortalities and confidence intervals
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Table 7. Risk factors for risk-adjusted models of AMI patients
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Lee et al,
1995

Normand et al.,
1996

Krumholz et al.,
1999

Age
Sex
Ejection fraction

Age
Systolic BP
Kiliip class

Age
History of cancer
Mobility status

Age
Cardiac arrest
Anterior or lateral location

Systolic BP Heart rate Body mass index Systolic BP
CHF Location of Infarction Respiration rate WBC count
Cardiac arrest Previous Infarction Heart rate Creatinine
EKG ischemia Age-by-Killip-class interaction = Mean artrial pressure CHF
EKG rhythm Height Shock
LAD artery involved Time to treatment Cardiac arrest
Verbal response Diabetes S3 gallop rhythm
within 48hr
Neurological change Weight History of CHF
within 48hr
Neu-changexcardiac arrest ~ Smoking CHF on admission
Cardiac arrestxarrhythmia Choice of thrombolytic therapy ~Albumin
SexxAge2 Previous bypass surgery BUN
Hypertension Creatinine
Prior cerebrovascular disease Arrythmia
Location of Infarction
No EKG reading
No MI on EKG
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