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Does a Higher Coronary Artery Bypass Graft Surgery Volume Always have a Low
In-hospital Mortality Rate in Korea?

Kwang-Soo Lee, Sang-Tl Lee”

Department of Hospital Management, College of Medicine, Eulji University;
Department of Preventive Medicine, College of Medicine, University of Ulsan”

Objectives : To propose a risk-adjustment model with
using insurance claims data and to analyze whether or not
the outcomes of non-emergent and isolated coronary artery
bypass graft surgery (CABG) differed between the low- and
high-volume hospitals for the patients who are at different
levels of surgical risk.

Methods : This is a cross-sectional study that used the
2002 data of the national health insurance claims. The
study data set included the patient level data as well as all
the ICD-10 diagnosis and procedure codes that were
recorded in the claims. The patient's biological, admission
and comorbidity information were used in the risk-
adjustment model. The risk factors were adjusted with the
logistic regression model. The subjects were classified into
five groups based on the predicted surgical risk: minimal
(<0.5%), low (0.5% to 2%), moderate (2% to 5%), high (5%
to 20%), and severe (=20%). The differences between the
low- and high-volume hospitals were assessed in each of
the five risk groups.

Results : The final risk-adjustment model consisted of ten
risk factors and these factors were found to have

statistically significant effects on patient mortality. The C-
statistic (0.83) and Hosmer-Lemeshow test (x*=6.92,
p=0.55) showed that the model's performance was good. A
total of 30 low-volume hospitals (971patients) and 4 high-
volume hospitals (1,087patients) were identified.
Significantdifferences for the in-hospital mortality were
found between the low- and high-volume hospitals for the
high (21.6% vs. 7.2%, p=0.00) and severe (44.4% vs.
11.8%, p=0.00) risk patient groups.

Conclusions : Good model performance showed that
insurance claims data can be used for comparing hospital
mortality after adjusting for the patients' risk. Negative
correlation was existed between surgery volume and in-
hospital mortality. However, only patients in high and
severe risk groups had such a relationship.
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Table 1. Definition of independent variables in risk-adjustment model
Risk Factors Codes
Sex 0: Male, 1: Female
Age Year
Admission source 0: Others(excluding emergency medical services), 1: Referral
Admission type 0: Outpatient, 1: Emergency room
Diabetes E10,Ell,E13,E14'
Hypertension 110,111,112, 113, 115°
Coronary artery disease 120,121, 122,123, 124, 125"
CHF 150, 1110, 1130, 1132
Stroke 160,161, 162, 163, 164, 165, 166, 167, 168, 169, G46"
COPD 141,142,143, 144, J68, J84, 198
AMI 2RI
PTCA™ M6551, M6552, M6561, M6562, M6563, M6564, M6571, M6572
Cardiac catheterization E7221,E7222, E7223, HA610, HA611, HA612, HA613, HA670, HA680"
Intra-aortic ballon pump 01921,01922"
Renal disease NIg§,N19
07020, 07061, 07062, 07071, 07072, 07073, 07074, 07075, 07080
Arthythmia 144,145,146, 147,148, 149
02001, 02002, 02003, 02004, 02005, 02006, 02007~
Peripheral vascular disease 170,171,172, 173,174,177, 178, 179, 180, 181, 182, 183’

02031, 02032, 02033, 02034, 02035, 02036, 02037, 02038, 02045,
02051, 02052, 02053, 02054, 02055, 02056, 02057, 02058, 02059,
02063, 02064, 02065, OA631, OA632, OA633, 0A634, 0A635, OA636,
0A637, 0A638, 0A639, 01635, M6597, M6605, M6620, M6632,
M6633, M6650, M6612, M6613, 01643, 01644, 01645, 01646

* ICD-10 Codes, * Procedure Codes of Health Insurance Review Agency, “* PTCA is not included in risk-adjustment model.
PTCA(Percutaneous Transluminal Coronary Angioplasty), CHF(Congestive Heart Failure), COPD(Chronic Obstructive

Pulmonary Disease), AMI(Acute Myocardial Infarction)

Adjusted Mortality Rate=
Actual Number of Deaths
Predicted Number of Deaths

X Qverall Morality Rate
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Table 2. General characteristics of patients undergoing cronary artery bypass graft surgery

Risk Factors Live(%) Death(%) p-value
N of patients 1,984(96.4) 74( 3.6)

Mean age(Std.) 63.1( 8.6) 67( 83) <0.01

Sex Male: 0 1,365(96.7) 46( 3.3) 023
Female: 1 619(95.7) 28( 4.3)

Admission source Others; 0 1,830(96.3) 70( 3.7) 045
Referral: 1 154(97.5) 4( 25)

Admission type Outpatient: O 1,284(96.6) 45( 34) 045
Emergency: 1 700(96.0) 29( 40)

Diabetes Yes 1,036(96.0) 43( 4.0) 032
No 948(96.8) 31( 32)

Hypertension Yes 1,675(97.0) 51 3.0) <001
No 309(93.1) 23( 69)

Coronary heart disease Yes 1,983(964) 73( 3.6) <001
No 1(50.0) 1(50.0)

CHF Yes 448(94.1) 28( 5.9) <001
No 1,536(97.1) 46( 29)

Stroke Yes 235(92.2) 20( 7.8) <001
No 1,749(97.0) 54( 3.0

COPD Yes 234(97.5) 6( 2.5 033
No 1,750(96.3) 68( 3.7)

Renal disease Yes 91(79.1) 24(20.9) <001
No 1,893(974) 50( 2.6)

Arhythmia Yes 694(94.3) 4257 <001
No 1,290(97.6) 32 24)

Peripheral vascular disease Yes 183(92.0) 16( 8.0) <001
No 1,801(96.9) 58( 3.1)

AMI Yes 466(93.6) 32( 64) <0.01
No 1,518(97.3) 42(27)

Cardiac catheterization Yes 1,683(96.3) 64( 37) 0.70
No 301(96.8) 10( 32)

Intra-aortic ballon pump Yes 113(779) 32(22.1) <001
No 1,871(97.8) 42(22)

* Continuous variables were analyzed with t test, categorical variables were analyzed with x* test. CHF(Congestive Heart
Failure), COPD(Chronic Obsiructive Pulmonary Disease), AMI(Acute Myocardial Infarction). STD=Standard Deviation

Table 3. Risk factors included in the risk-
adjustment model

Variables OR'(95%Cl'y  p-value
Age 1.04(1.01- 1.08) 002
Sex 1.15(0.67- 1.99) 061
Diabetes 0800047- 136) 042
CHF 0.86(0.48- 1.52) 0.60
Stroke 241(1.32- 440) 000
Renal disease 848(4.60-1563) <001
Arthythmia 1.68(1.00- 2.84) 0.05
Peripheral vascular disease  2.04(1.05- 3.97) 003
AMI 1.48(0.86- 2.54) 0.16
Intra-aortic ballonpump ~ 9.65(546-17.05) <001
R 0.07
C-statistic 0.83
Hosmer-lemeshow test, 6.92(0.55)
X(p-value)
*OR: Odds Ratio. * CI: Confidence Interval.
CHF(Congestive Heart Failure),
AMI{Acute Myocardial Infarction)
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Table 4. CABG volume and crude mortality rates

Hospital group by annual N of hospitals CABG volumes Crude mortality rates
surgical volume
~25 15 181 8.8%
2% ~ 50 8 319 38%
51~ 75 5 304 63%
76 ~100 2 167 42%
101 ~ 4 1087 1.8%

* [CD-10 Codes, ** Procedure Codes of Health Insurance Review Agency, *** PTCA is not included in risk-adjustment model.
PTCA(Percutaneous Transluminal Coronary Angioplasty), CHF(Congestive Heart Failure), COPD(Chronic Obstructive
Pulmonary Disease), AMI(Acute Myocardial Infarction)

Table 5. In-hospital mortality rates of patients undergoing coronary artery bypass graft surgery at high-
volume(>100 cases/yr) and low-volume(<=100 cases/yr)

. Low-volume* High-volume
Varizbles hospitals(n=30) hospitals(n=4) Total
N of patients 971 1,087 2058
Total N of in-hospital patient death 54 20 74
Crude in-hospital mortality rates(%) 56 1.8 36
Risk-adjusted in-hospital mortality rates(%) 53 19 NA™

* Low-volume hospitals are defined as facilities with <100 cases of Coronary artery bypass graft. ** NA: Not applicable.
For the entire sample, the risk-adjusted mortality rates equal the actual mortality rate.

Table 6. Observed in-hospital CABG mortality rates at low- and high-volume hospitals across risk

groups’
Risk group Low-volume hospitals High-volume hospitals
(Predictedriskof o, of No. of No. of No. of OR'(95% CI) vzg;]e

Tol%) ‘ “Total(%)

in-hospital death)  qurvived(%) death(%) survived(%) death(%)

Minimal(<0.5%) 30(96.8) 1(32) 311000 420977y 1(23) 43(100) 1.39(0.09-21.33) 0.82
Low(0.5%t02%)  626(984) 10( 1.6) 636(100) 701(993)  5( 0.7)  706(100) 2.22(0.76- 646) 0.13
Moderate(2% to 5%) 161(97.0)  5( 30)  166(100)  191(99.0)  2( 1.0)  193(100) 291(0.57-14.79) 0.18
High(5% to 20%) 80(784)  2221.6)  102(100)  103(92.8)  8( 7.2)  111(100) 2.99(140- 6.42) 0.00
Severe(>=20%) 20(55.6)  l6(44.4) 36(100)  30882)  4(11.8) 34(100) 3.78(1.40-10.17) 0.00

* Low-volume hospitals are defined as facilities with <100 cases of Coronary artery bypass grafi, risk groups are based on
predicted risk of death during hospitalization for CABG, The odds ratio corresponds to the odds of the in-hospital death for
subjects undergoing CABG at low-volume hospitals in comparison with subjects at high-volume hospitals, p values are for
hypothesis test that the OR is equal to 1
CL: Confidence interval, OR: Odds ratio, NA: Not applicable, CABG(Coronary Artery Bypass Graft),
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