Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2013.14.10.4910
cooperation Society
Vol. 14, No. 10 pp. 4910-4918, 2013

HALPAZEA AEE 71D

ol=xl1 A2 o =x1 =1*
ZEE, 4, dEF, 4=
OIMchEtm B AMHSD}, *IMtHetm MK 2w Etnt

Severity-Adjusted LOS Model of AMI patients based on the
Korean National Hospital Discharge in-depth Injury Survey Data

Won-Joong Kim', Sung-Soo Kim? Eun-Ju Kim' and Sung-Hong Kang'
'Division of Health Policy and Management, Inje University

Division of Political Science and International Relations, Inje University

2 o E dT: FAPTANe] medel ANYS HelE 9 AAAS] gt FEE 2y =S A
shard} shoich 20042000 HUEAUFEAL ARo)A ATl R16] FHURAMIA 6014 FEHAOT,

wg) g A sloleuteld APHCHEBITRA, PHAAUE, A4F S Aedtdch ALE BYE F4 o
AERUE Byl Jb 94t By wue] o2 B ATY FFE B4 myoz Austact FAATAA
o] AAASe] FFE Ao GRS PAE FAT 0L PATUSHE BT HU A ARG, FUA
S 5 olgow], Waltmet olvlw X W2 FEE 2y AUUseh A4 AL Holt Qgieh FAA
AR AU ol Fola £EHOD Felol] FAA AU Dol 24 omsleiel A gt
FFES BAT T, Aok U 8912 skl ol sidshs Bl saEolof & Aolch

Abstract This study aims to design a Severity-Adjusted LOS(Length of Stay) Model in order to efficiently
manage LOS of AMI(Acute Myocardial Infarction) patients. We designed a Severity-Adjusted LOS Model with
using data-mining methods(multiple regression analysis, decision trees, and neural network) which covered 6,074
AMI patients who showed the diagnosis of 121 from 2004-2009 Korean National Hospital Discharge in-depth
Injury Survey. A decision tree model was chosen for the final model that produced superior results. This study
discovered that the execution of CABG, status at discharge(alive or dead), comorbidity index, etc. were major
factors affecting a Sevirity-Adjustment of LOS of AMI patients. The difference between real LOS and adjusted
LOS resulted from hospital location and bed size. The efficient management of LOS of AMI patients requires
that we need to perform various activities after identifying differentiating factors. These factors can be specified
by applying each hospital’s data into this newly designed Severity-Adjusted LOS Model.

Key Words : AMI, Comorbidity Index, Data Mining, Korean National Hospital Discharge in-depth Injury
Survey, Severity-Adjusted LOS
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[Table 1] General characteristics

Variables Respondents Percentage
Gend Male 4,082 67.2
ender Female 1,992 3.8
<55 1,617 26.6
Ace 55~64 1,337 22.0
g 6574 1711 282
>=75 1,409 23.2
. NHI 5,448 89.7
f{eahh INSUrANCENr dical aid 597 98
ype Other 29 05
Admission Emergency 4,960 81.7
route Ambulatory 1,114 18.3
No 3,274 53.9
PCI Yes 2,800 46.1
No 5,929 97.6
CABG Yes 145 2.4
No 5,583 91.9
Death Yes 491 8.1
All 6,074 100.0
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3.2 EMCiAXIe| ShtE=tX|e [Table 3] Charlson Comorbidity Index score
3.2.1 Elixhauser SEHESX|S 7|E Index Respondents Percentage
Elixhauser X3 7|50 whe} 2y 7R ciAkAte] 5t 0 3,380 55.6
g Hxg ot Aw, vgEEA T WS 4ot : . 27
39.5%E 7P ko, v G - 25.6%, & 3+ 339 56
A ARE 7 103%, A% BA4Y § 6.5%, A All 6,074 100.0
3.9%, TESA T 7 3.7%, WY 9 A3 5 3.6%,
ol 25E 0 2.8% =9 202 =A ZAFE|QITtHTable 2].
o ARE A 28% GO s sl SARAE(Tble 2 g5 5 ocs mEr 2R IIE
[ o1 CCS gkt E57 7|o] whe} iidzte] FRkdst &
Table Distribution of comorbidities by Elixhauser e s _
Comorbidity Index EE opofst A3, TE 7 395%E 7MY w3keH, &
AsuAsks 9 7er A% A3 5 26.6%, FHSE 5
Disgnosis N Y Al - kA ke whie A3k § 25.8%, AWA dirlold &
0 0 0
0 Ha 0} O R3] © 0 k=]
‘Alcohol abuse 19| 03]6055] 99.7]6074| 1000  12:0%, SFEA o2 7t SE ek { 11.8%, H]ALE
Cardiac arrhythmias 392| 6.5]5682| 93.5/6,074[1000 YA ZEA AR [ 7.8%, A FHW F 53%, HE
Congestive heart failure| 626| 10.3|5,448| 89.7|6,074| 100.0 I Azlo] o= 0 45% 7| F7|E AT & 4.1% =
Coagl.llopathy : 23| 0.4|6,051| 99.6|6,074| 100.0 o] 2203 AN QITHTable 4].
Chronic pulmonary disease| 221| 3.6]5,853] 96.4] 6,074] 100.0
Deficiency anemia 51| 0.8]6,023| 99.2|6,074| 100.0
Diabetes, complicated | 223| 3.7|5,851| 96.3]| 6,074| 100.0 [Table 4] Distribution of comorbidities by CCS
Diabetes, uncomplicated |1,554| 25.6| 4,520| 74.4| 6,074 | 100.0
Fluid and electrolyte Di . Yes No All
disordors 47| 0.8]6,027| 99.2|6,074| 100.0 iagnosis N % 1~ T1%2 N %
Hypertension, complicated 75| 1.2(5,999| 98.8|6,074| 100.0 Essential hypertension | 2,400 39.5| 3,674| 60.5| 6,074| 100.0
Hypothyroidism 36| 0.6/6,038] 99.4]6,074[ 1000  Coronary atherosclerosis| | ¢\ 5| ¢ ol 4 4611 73.4| 6,074| 1000
Hypertension, uncomplicated 2,400| 39.5] 3,674| 60.5] 6,074] 100.,0 2 other heart discase
Liver disease 129 2.1/5,045| 97.9/6,074] 100.0 B;g‘l’gfﬁscomplicag‘;?‘tus 1,568| 25.8 4,506| 74.2| 6,074 100.0
Metastatic cancer 19| 0.3|6,055| 99.7|6,074| 100.0 -
h logical Disorders of 729 12.0| 5,345/ 88.0| 6,074| 100.0
gtsoer;;:““’ ogica 67| 1.1/6,007| 98.9|6,074/100.0  lipid metabolism S e '
Congestive heart failure;
Paralysis 15| 02[6059] 99.8]6074[1000 | 1o ve 476| 7.8/ 5,598| 92.2| 6,074| 100.0
PD‘,ﬂm‘;“ary cireulation | 5| 5| 6 043| 99.5| 6,074/ 100.0 Cardiac dysthythmia 324| 5.3]5,750] 94.7] 6,074] 100.0
i erf i Late effects of 274 45| 5800| 95.5| 6,074| 100.0
Pept.m v cer (?1sease 75| 1.2/5,999| 98.8|6,074| 100.0 cerebrovascular disease T s ’
cluding bleeding Other lower
i X ) 247| 4.1]5,827| 95.9] 6,074| 100.0
gg;fg:rrsl vascular 104| 1.7|5,970| 98.3|6,074|100.0  respiratory disease
Residual codes;
Rheumatoid arthritis/ - ’ 714| 11.8( 5,360 88.2| 6,074| 100.0
unclassified
collngen vascular i 28| 0.5/6,046| 99.5|6,074| 100.0
Renal failure 235 3.9]5,839] 96.1]6,074] 100.0
Valvular disease 170 2.8|5,904| 97.2|6,074| 100.0 3.3 aggag&lﬂ g,xl_gl %%E HX XH'?L'IOEI
= 2y
3.2.2 Charlson SEIEXIF 71= 3.3.1 SHMTHY Bxle| FEE BY WYL
Charlson A3 7|of whe} FAAMIHY 5 B3 28 Ty}
4| EeA L] Ea a Jpe AFzlo] Z=vlRIBE A2 glols) _ ~
AR G N S AR YRS Ny g5w vy mYe B A cosuge
U A 0, A} =0} o Z 0, Z
A, 08l G TV SRS, 18 BT 2 pg ize mue wy e sk, dolet
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007 38 VT 300 T ma® AAATDE L o1y 7w 3 oagee we nyol by S50
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[Table 5] Model assessment by Root ASE 3.3.2 SHNZZEM sxte| E5E B WYL
Model =
Model assessment oy
development (Validati
. alidation Ha5]2%0 =] = R=]
Model (Train dataset: dataset: 40%) CCS Xt EF7]ES o835t AaAUFEA
ataset: 0
L = B Zz = olol A =
60%) o2 FAHEBENT gAY S5 B ALYs A5
Root ASE Root ASE S0 a2 AL AN B2LO ISYSPS
Elixhauser |Regression 10.86 12.62 HRs e Au, ST ANS S ALl
- Tree 11.13 12.67 S 2| = =Za3% o 3 o B A
Comorbidity Neural FEFE A= M T8 892 e f3& A
cural
o) (o= i=1
ndex | Neork | 1% 1253 W R ek ool 4, Aw, Amu] e,
B oo = =7 =z 2> o | KL= I} Ke]
Charlson Re%ll:esswn } 18(7) }igg AP, AR e SAle AT, YYEE,
ree B .
i HiHo o 5 =0 =X
Comorbidity |guar | o ApAEEe] AEd A S S5 TR s
Index . . = = -
[e) Xe) (o =1 = ol 1
Network e G FU 7 S adeh oAb AL
Regression 10.31 1243 _ _
- - o o = =] =2
Tree 9.14 12.63 ot SR f SEEHEss ® Ve A A st
CCS - - _ _ _
o [e] (o] =] o 1 3
Neural 10.52 12.95 5, B8 EA S8 AR BEE §5 84 HET
Network ) ) - on - - L =
A3 FU 48, Y W 0 B AHE R 4
VES
LOS : 7.34 L0S : 7.75 1L0S : 26,51
N:3274 N: 8 N: 71
Medical
w1 [ [ =] [ =1
| LoS : 17.38 | | LOS : 7.04 | | LOS : 28.80 | | 10§ : 1276 | | LOS : 28.08 || LOS : 16.00 |
N:96 N:3178 N:36 N : 255 N: 61 N: 10
| NO | | VES | | NO | | VES | | NO | | YES | | NO | | VES |
| LOS : 15.48 ” Los : 3825 || LOS : 6.95 || LOS : 4643 || L0S:12.24 || LoS : 22,54 || L0S : 25.49 || LOS : 32.68 |
N: 88 N: 8 N: 3171 N: 7 N: 242 N: 13 N: 39 N: 22
| NO | | YES | | NO | | VES | | NO | | VES |
T T T T T T
| L0S 1 13.99 ” LOS : 32.71 | | LOS : 6.85 ” LOS : 30.92 | | LOS : 10.28 ” LoS : 15.74 |
N: 81 N: 7 N : 3158 N: 13 N: 155 N: 87
SEX €cs_109 €Cs_133
| Male | | Female | | NO | | YES | | YES | | NO | €CS Category
T T T T I + CCS_3 : Bacterial infection; unspecified site
LOS : 10.95 LOS : 16.95 : LOS : 15.76 LOS : 1657 ) R 3 .
| N: 40 || N: 41 || || N: 51 || N: 21 || + CCS_49: Diabetes mellitus without complication
+ CCS_99: Hypertension with complications and
secondary hypertension
+ CCS_101: Coronary atherosclerosis and other
| Female | | YES | heart disease
I I + €CS_108: Congestive heart failure;
L0S : 6.23 L0S : 7.82 LOS : 14.41 N
N: 2175 | N: 932 | | N: 29 nonhypertensive
+ CCS_109: Acute cerebrovascular disease
+ CCS_116: Aortic and peripheral arterial embolism
or thrombosis.
| NO | | YES | | NO | | VES | | | + CCS_122: Pneumonia (except that caused by
I I I I T I tuberculosis or sexually transmitted
| L0S : 6.17 " LOS : 22.86 | | LOS : 7.51 ” LOS : 22.74 | | LOS : 7.32 " LOS : 9.34 | disease)
N: 21e8 N: 7 N o1d N: 19 N: 76 N 29 + CC$_127:: Chronic obstructive pulmonary disease
and bronchiectasis
Ro! + €CS_133: Other lower respiratory disease
| Emergency | | ‘Ambulatory | | O | | VES | + CCS_157: Acute and unspecified renal failure
T T T T + CCS_159: Urinary tract infections
| ho:s :1‘?,‘:: || L,:)S : ;;;: | | L':)S : ;:: || L?'S:: 1;12 | + CC$_199: Chronic ulcer of skin

[Fig. 1] Severity-Adjusted LOS model for AMI patients using decision trees
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[Table 6] Prediction rules of Severity-Adjusted LOS for AMI patients by decision trees

. Adjusted
ID Prediction rules LOS
1 | CABG(+) & Death(+) 7.75
2 | CABG(+) & Death(-) & < 55 ages 16.90
3 | CABG(+) & Death(-) & >= 55 ages & CCS_101(+) 32.68
4 | CABG(+) & Death(-) & >= 55 ages & CCS_101(-) 25.49
5 | CABG(-) & CCS_108(+) & NHI & CCS_127(+) 22.54
6 | CABG(-) & CCS_108(+) & NHI & CCS_127(-) & CCS_101(+) 15.74
7 | CABG(-) & CCS_108(+) & NHI & CCS_127(-) & CCS_101(-) & CCS_133 (+) 16.57
8 | CABG(-) & CCS_108(+) & NHI & CCS_127(-) & CCS_101(-) & CCS_133(-) & PCI(+) 14.41
9 | CABG(-) & CCS_108(+) & NHI & CCS_127(-) & CCS_101(-) & CCS_133(-) & PCI(-) & CCS_49(+) 9.34
10 | CABG(-) & CCS_108(+) & NHI & CCS_127(-) & CCS_101(-) & CCS_133(-) & PCI(-) & CCS_49(-) 7.32
11 | CABG(-) & CCS_108(+) & Medical Aid 28.89
12 | CABG(-) & CCS_108(-) & CCS_122(+) & CCS_109(+) 38.25
13 | CABG(-) & CCS_108(-) & CCS_122(+) & CCS_109(-) & CCS_99(+) 32.71
14 | CABG(-) & CCS_108(-) & CCS_122(+) & CCS_109(-) & CCS_99(-) & Male 10.95
15 | CABG(-) & CCS_108(-) & CCS_122(+) & CCS_109(-) & CCS_99(-) & Female 16.95
16 | CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(+) 46.43
17 | CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(+) 30.92
18 | CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(+) 15.76
19 | CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Female & CCS_157(+) 22.74
20 CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Female & 15.42
CCS_157(-) & CCS_159(+)
21 CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Female & 730
CCS_157(-) & CCS_159(-) )
22 | CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Male & CCS_116(+) 22.86
3 CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Male & 474
CCS_116(-) & Ambulatory
o CABG(-) & CCS_108(-) & CCS_122(-) & CCS_199(-) & CCS_3(-) & CCS_109(-) & Male & 6.50
CCS_116(-) & Emergency
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[Table 7] Difference between real LOS and Adjusted
LOS by hospital bed size

Index N Egasl Af]li(u)ssted Difference| p
100 ~299 273 10.06 9.20 0.86
300~499 594 8.92 8.44 0.47 046
500~999 | 3,923 8.22 8.27 -0.06 4

1000+ 1,284 8.50 8.34 0.16

All 6,074 8.43 8.35 0.08

[Table 8] Difference between real LOS and Adjusted
LOS by hospital location

Real |Adjusted| .
Index N LOS LOS Difference| p

Seoul 1,299 8.64 8.75 -0.12

Busan 394 9.69 8.84 0.85

Daegu 508 8.61 8.51 0.10

Incheon 340 9.60 8.28 1.32

Gwangju 416 8.71 7.58 1.14

Daejeon 294 8.09 8.59 -0.50

Ulsan 120 7.07 7.97 -0.90

Gyeonggi 953 8.39 8.25 0.14 0.00

Gangwon 225 6.63 8.58 -1.96 |

Chungbuk 146 8.89 8.30 0.59

Chungnam 212 8.41 7.95 0.46

Jeonbuk 296 7.26 8.13 -0.86

Jeonnam 95 7.83 7.92 -0.09

Gyeongbuk 254 | 10.46 8.25 2.21

Gyeongnam 424 6.56 7.76 -1.20

Jeju 98 7.86 8.57 -0.72

All 6,074 8.43 8.35 0.08
4 nH
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