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Abstract  This study was to develop the assessment of medical service outcome using administration data through
compared with hospital standardized mortality ratios(HSMR) in various hospitals. This study analyzed 63,664
cases of Hospital Discharge Injury Data of 2007 and 2008, provided by Korea Centers for Disease Control and
Prevention. We used data mining technique and compared decision tree and logistic regression for developing
risk-adjustment model of in-hospital mortality. Our Analysis shows that gender, length of stay, Elixhauser
comorbidity index, hospitalization path, and primary diagnosis are main variables which influence mortality ratio.
By comparing hospital standardized mortality ratiostHSMR) with standardized variables, we found concrete
differences (55.6-201.6) of hospital standardized mortality ratiostHSMR) among hospitals. This proves that there
are quality-gaps of medical service among hospitals. This study outcome should be utilized more to achieve the
improvement of the quality of medical service.

Key Words : Medical service outcome, In-hospital death rate, Hospital standardized mortality ratio, Quality
improvement
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2.3 HayH9|
2.3.1 SHiMHO| == HXH Actual number of in-hospital deaths
amongst selected diagnosis groups

SO FEE mAe HEA whels | HSWR- 100

. . Expected number of in-hospital deaths
Elixhauser comorbidity index?} Charlson comorbidity amongst selected diagnosis groups
index”7} Qt}h A -4y 2 Charlson indexX}.
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[Table 1] Independence variables for developing hospital
standardized mortality model

ARAT =aus
. A (A%, 4d, 4949
fan.a dlanf ZHkAM (charson 1ndex),
o O SRS Aol EhEel Aelo]
In‘;z;naﬁon Hogelela(l, 2, 3-9, 10-15, 16-21,
22-365)
B, g4, =4
. CANES] [elE=12)
Aus.t ralian ZukAM (canadian Charlson),
padte O SISt Aol ehgel Aol
V\falftran 5, AU, 2, 39, 10-15, 16221,
erare 22-365)
AR A, AR, B E, s5UY,
AARE7 o, A, SN H(Elixhauser)
233 9271 =55 EX AlatH| (HSMR)
o 77| 25 HA APH|E YElY= HSMRE 1
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Z+o] Byar's approximation- ©]

Lower confidence limit
=0O/E*(1-1/(9*O) - 1.96 / (3*sqrt (O)))* * 100
Upper confidence limit
= (O +1)/E*(1- (1/(97(O+1))) + 1.96 / (3*sqrt (O+1)))>* 100

where O = observed number of deaths

E = Expected number of deaths

[O% 2] gar|8 $5= B4 APH|9] 95% Al=l1F
[Fig. 2] Calculation of 95% confidence intervals,

HSMR point estimates
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17 AIHSMR)E ALEStel ¥ watelr.

3. g3 Z 1t

3.1 A AXe| dbtx EH

3.1.1 SRR Uy EM
Aol dukd B2 aF 29 Ak A s
G2} 56.1%, oA} 43.9%F GA7} =gton, dygHE L
604 o, UL 3~9Yo] 7P =2 AoR ey
t}. Elixhauser S 2|4 Bl 0~17 80.1%=

A BT pEeEE BEL S22 57} 846%, A9
AEERE 9 71.6% Flom, o8 Jwr|ihe] WAkt
m Bl 500~999HA0] 70.6%%0.H, 1,00084k o
A 29.4%%ch B9 A RHTTF APER] SR 4.8%0]
ek

[E 2] AeaRo) b 54
[Table 2] General characteristics of inpatients

T N %
A o 35,737 56.1
o 27,926 439
e 394 |5} 11,574 18.2
40~59A4| 21,739 34.2
604 ©]Ak 30,351 477
Y 2 8,491 13.3
3~99) 33,794 53.1
10~15¢ 9,333 14.7
16~21 4,485 7.0
22~365% 7,561 11.1
Elixhauser 0~14 50,890 80.1
A 2|4 2~37 11,810 18.6
47 o)AF 874 14
Fgow = 53,874 84.6
= 9,790 15.4
ME RS SHA 18,105 28.4
Q) 45,559 71.6
AR 500 T 999 Ak 44,935 70.6

18,729 29.4
60,575 952
A 3,089 48

A 63,664 100.0

3.1.2 HTCHARIC| FNY B2

AR Ape] FAY WL T 33} o] Z51(7]eelR)
7F 303%E 71 Sgroul, ISCIAEEe] HUA %)
8.1%, C16(£12] oPAAE) 6.4% 5o o2 =3t

[E 3] d7ehyrte] 24y 22
[Table 3] Distribution of primary diagnosis of inpatients

A4 N %
A41(71EF T8 547 0.9
C15(A) 9] o AIAE) 398 0.6
C16(219] oHd418E) 4,082 6.4
C18(A%S] oA E) 1,725 2.7
C20(27+e] oA E) 1,391 22
C22(7+ ¥ 7hy &b el dAE) 3,963 6.2
C23(&7M (el HAEE) 308 0.5
C24(7Ie} W AAIEY He F9lo] e 433 0.7
C25(1H o] g4l E) 729 12
C34(718A] & 9] GAIAE) 3,187 5.0
C50(+5e] HJAIAE) 1,972 3.1
C53(As59] oA E) 677 1.1
C56(tAne] AFAAE) 570 0.9
C67(H]—.\J—4 OPA%A]A“ ) 713 1.1
C71(x|9] oHgd4lAl&) 368 0.6
C78(357] ¥ Asple] St 399 06
C83(m|YHA] H|Z X7l YZE) 435 0.7
COO(TM] T U oM FEAME L3S 276 0.4
Co1(H . wiaw) 263 04
Co2(&Z5 WEH) 420 0.7
218 T2 ) 882 1.4
IZI(J*J*EI—ZLW-H%) 1,466 23
I50(41+ 772 12
160(7%11]‘%“125 g) 512 0.8
I61(= W& 592 0.9
I63(H7§*-‘.4% 2,913 4.6
JIS(FEEFEA 2 At w9 1,093 1.7
JIB(CHAIEE ] HYAl #l9) 5,151 8.1
Jaa(71el Ty HiAd Hgh 881 1.4
Joo(ILA E HAef o)t #H =) 265 0.4
J84(7} Ato]dA] #HHgh 305 0.5
K65(54t4) 244 0.4
K70(&=2-&4 7Hd%h 1,134 1.8
K72(de| 754 92 11716744 273 0.4
K747t Hi5 9 43h 873 14
N17(F4 AR 71573443 310 0.5
NI8(WHY TR 716343 1,050 1.6

clal B = 0} O o] ]

PR 554 kS Lo LT
So6(H U] &4 1,531 24
T60(AEA2] 351“1) 197 0.3
Z51(7|Et2 &) 19,190 303

A 63,664  100.0

3.1.3 AFCHAXte| SHIMYE Fx

Elixhauser comorbidity index -2 o|-&3F SHHA
B H 42} ZHo] Solid tumor, without metastasis -3-7}
30.5%%2 74 =%Fom, Hypertension uncomplicated

17.4%, Liver disease 10.3%, Diabetes uncomplicated
82% 59 o2 E7 RAE I
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[H 4] A-+hdA+] Elixhauser FHHSH 232
[Table 4] Distribution of Elixhauser comorbidity of

inpatients
3 5
N % N %

Congestitative heart failure 774 12 62,890 98.8
Cardiac arrhythmis 1,405 22 62,259 97.8
Valvular disease 476 0.7 63,188 99.3
Pulmonary circulation disorders 336 0.5 63,328 99.5
Peripheral vascula disorders 240 04 63,424 99.6
Hypertension uncomplicated 11,050 174 52,614 82.6
Hypertension complicated 702 1.1 62,962 989
Paralysis 452 0.7 63,212 993
Other neurological disorders 455 0.7 63,209 99.3
Chronic pulmonary disease 2,117 33 61,547 96.7
Diabetes uncomplicated 5225 82 58,439 91.8
Diabetes complicated 1,268 2.0 62,396 98.0
Hypothyroism 176 03 63,488 99.7
Renal failure 1,414 22 62,250 97.8
Liver disease 6,553 10.3 57,111 89.7
Peptlc'ulcer dls?ase 940 15 62,724 98.5
excluding bleeding

HIV/AIDS 1 0.0 63,663 100.0
Lymphoma 939 1.5 62,725 98.5
Metastatic cancer 0 00 63,664 100.0
Solid tumor, without metastasis 19,394 30.5 44,270 69.5
Rheumatoid arthritis 259 04 63,405 99.6
Coagulopathy 181 03 63,483 99.7
Obesity 4 0.0 63,660 100.0
Weight 25 0.0 63,639 100.0
Fluid and electrolyte disorders 116 0.2 63,548 99.8
Blood loss anemia 27 0.0 63,637 100.0
Deficiency anemia 362 0.6 63,302 99.4
Alcohol abuse 1,028 1.6 62,636 984
Drug abuse 5 00 63,659 100.0
Psychoses 65 0.1 63,599 99.9
Depression 383 0.6 63,281 99.4

F) %= A 63,6047 Foll AT HlES.

3.2 Bl AYE

3.2.1 & S40| B2 EIYA ALE

AT AAe] Ak Aol wh E|eUA) AE Hol
L 59 2k JERE ofxunt Bae] EUA) AR
Fol Egron], AYd, YUUsERL Aol w24
S AAUSTE 245 HUA AYEO] w2 How
LeRehp<0.05). Elixhauser SR 47} gass
A APFEO] EATHP<0.05). S fPERE $42
A e AT s AW HUTA Hrt
HUA] Mgl Btov], dAFREEL AN B
geluch SHAS B9 Aol HUA AYBol B
RO Lhetelth(p<0.05). BlUEA7} ol g3t o7zl
HAATTEE RS 1,0004 o]t 500~999%4+9] &

HA] AFEO] U THPp<0.05).

[E 5] Al 540l uh& = AFE
[Table 5] In-hospital mortality rate by General characteristics
A AE A
% % N

A o 56 945 37,737 0.000
o 41 959 27,926
S 394 |5} 22 978 11,574 0.000
40~594) 41 959 21,739
604 ©]Ak 64 936 30351
APA 2y 25 976 8491 0.000
3~99 27 973 3379
10~159 48 952 9,333
16~21¢ 87 913 4485
22~365% 150 850 7,561
Elixhauser 0~17 44 956 50,980 0.000
Az 2~37 62 938 11,810
47 o)Ak 110 89.0 874
Jrpon T 50 950 53,874 0.000
- 39 961 9,790
QAR A 115 886 18,105 0.000
2l 22 978 4,559
A} 500~9999A} 53 947 44935 0.000
100034} o]4F 38 962 18,729
AR 49 951 63,664

3.22 FHY ME E[HA MTE

ATV ol mhE HYA AFEE Aol &
63} Tk J69(aLA] A HA|of ofgt HH)o| ApgEo] 7}
& =okon, AdIC|E HEF), 161(HHEF), T0(HZ
Ao F=2H8), Co2(zd g 59 wo2 HA

APSE©] EUTHP<0.05).

[E 6] 8ol o HYA APLE
[Table 6] In-hospital mortality rate by primary diagnosis

o AP(%)
A41(7EF HEF 219
CI5(A| 9] oPAIAE) 85
C16(9]9] HAIEE) 58
C18(A7%2] M4 49
C20(F 2] AN E) 43
C22(7k 9 7y &0 Ehe] oA E) 9.6
CBE&MED] AR 133
C14(7|et 9 JAEY H H9jo] AR 6.5
C25(Fe1hH 2] AR 114
C34|1BA] E H2| AAIAYE) 112
C50(F2] P4 2.8
C53(Ata-52] HAIE) 33
C56(F49] P g4I E) 3.7
C67(g2] AR 3.0
C71(:] 9] XA E) 9.0
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CT8(ZE7] 9 Ashr|Fe] S dialE) 7.0 13 6.5 93.5 570
C83(nakA] H|ZA|7] FZE) 92 14 6.6 93.4 1,600
coo(rhi g 4% & oy FAEAE ANE) 8.7 15 4.4 95.6 2,244
Col(H = ulH) 10.7 16 7.7 92.3 546
CO2(Z2=A) Wi H)) 16.2 17 4.7 95.3 1,649
H2(ZEH FHAIRHH) 31 18 4.4 95.6 1,476
RIEAA A=) 6.5 19 6.2 93.8 851
I50(A)H-7) 5.1 20 5.8 94.2 1,208
160(7_]1:[]2]-\:12%@) 16.0 21 4.2 95.8 2,275
61+ U&8) 17.1 22 5.7 94.3 1,994
163(%] A M= 33 23 4.0 96.0 1,106
Ns(FEEFEA e Al H@) 28 24 32 4.8 781
N8CgAlEE ) A T 33 25 37 94.3 1,031
J44(7 6} Uk waA A1sh 56 26 74 92.6 745
J60(LA W Mol oft ) 230 27 33 94:5 1,674
184(7|€} Ato]AA HAEH 15.1 28 4.9 95.1 1,301
K65(E221) 103 29 7.0 93.0 257
K70(&3-24 71+283%h 49 30 5.7 94.3 176
K72 7R ke 271544 128 31 73 92:5 694
K74(7}9] 442 9 Ash 56 32 5.0 95.0 1,702
NI17(Z4 ZIHAIAD 71544 77 33 4.6 95.4 606
NI8(THA] ZIHAIAY) 7]35AMA 43 34 42 95.8 261
PO7(FE|EFEA] ¢ 7] Al H ARF 35 47 95.3 855
2443} wrelE 2o 32 36 47 953 575
S06(H U] &4 76 37 59 94.1 1,525
TOO(AEA 9] F52H8) 168 38 8.1 919 794
751(7|EF9] 2) 05 39 33 96.7 993
Z) X*=2748.9(df=40), p=0.000 40 79 92.1 593
41 1.9 98.1 2,215

42 33 96.7 1,453

3.2.3 o|=7|2H EIHA MLE 43 77 923 873
AN FAE o] 83 Qw7 F WE Z}o] 44 64 93.6 799
£ 79} gk b e He) RS ek o " o o e
7| EYUA] APLFES 1.9%H S A =2 YA 47 10.1 89.9 514
AFFES YeRd o2 7)39] EYA] AFFES 14.9%% 48 8.0 92.0 994
c}. o]23t AT AL o] 43t olw7|ThE E9A] Al " - o o
E Aole sARLE {3 Ao ATH(p<0.05). RE 49 %5.1 63:664

[E 7] o=7dd =UA ATSE
[Table 7] In-hospital mortality rate by hospitals

APy A= xi;zﬂ
77| UAE = = =
o771 % % N

1 2.9 97.1 3,194
2 4.7 95.3 1,558
3 4.5 95.5 964
4 5.0 95.0 1,052
5 39 96.1 3,768
6 3.7 96.3 1,029
7 4.1 95.9 1,025
8 4.8 95.2 1,128
9 6.3 93.7 730
10 3.0 97.0 3,809
11 6.0 94.0 1,198
12 34 96.6 2,890

Z) X*=371.5(df=49), p=0.000

3.3 977 S5 HE A2t 3 JHgt

5004 ol 507 S|=7| EYSkA}t F AMGEAe
80%0l| 3oz FH O R EAUS FAE R b
o|Ejuto]d& o] gate] SR7|H FFE B AMY 2
< /et Axp & 83t o] 2AAEI]FEA 9] Root
ASEZlo] Zof myo] Aggo] 7 943t Ao r HY
Hel wet EXNAEI| ARG S o858t Qi7|H TF5
T By AN 2 et E 9] EXAEIAR
ol wEH, Fx7F ARt YR7|H AR FE|
1178 =8kom, dAgo] 35 Yur)d AP ghEol
=9 ALY sEE = 223659 0] APYE gHEo] 7
=9rom, 16~21¢, 29, 10~15¢], 3~9Y 402 =9k}
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EYEJAS AL ARE o] 83 BT T B ARgH] vl
Elixhauser FHMAY X2 FHMAE X427 225 [E 9] 9&87|3 AMY 5% B4 B3 (Logistic Regression)
2 Aslgo] o Aoz eyt SesonyaL A [Table 9] Hospital standardized mortality model
28 AT TR WA L Bxto) A e (Logistic Regression)
o] 268 Erom, JUARERE oS B3| AUt Odd - 9SRAATLE
SETH SIS B3 o] at ShAbo] AP BhEo] 3.7 Ratio 33k AF3t
= oHE=E 6Ol mE & o = : HNAZ o)y o 1170 1.075  1.273 0.000
v otch FAEHEE A41(7|EF HE D)) AN S A (A%) 1.022 1019  1.024 0.000
o] 7P =qtom, C92(Z4=A wEH), J84(7|Ef Alo]R AL 3~9¢ 0.747  0.637  0.878 0.000
= . 70l ~ [e)]
A e, condE wpay), sl by CIE TR
AE) 59 €02 AYEEC] B2 2R RAE I 23652 3141  2.657  3.712 0.000
Hlixhauser AFHA](212) 1100 1.056  1.146 0.000
[E 8] =7 $5= B4 AN 2F 7t ¢€jﬁmro 7 2.600 2282 2.963 0.000
[Table 8] Hospital standardized mortality model 5)7]';":7; )
assessment (‘;"ﬂ%"%gﬂb a4 3.683 3352 4.047 0.000
AN Root ASE Zexp A4l 26636 19.503  36.378 0.000
_ (1% : Z51)  ClI5 8494 5571 12.951 0.000
7 0.2058 C16 8739  6.833 11.177 0.000
AR 02185 C18 7032 5171 9.561 0.000
20 6.624 4720  9.298 0.000
2 9.996  7.966 12.544 0.000
23 12.480 8294 18.780 0.000
‘ffesmm C24 4437 2833 6.949 0.000
2\ 25 9.864 7.189 13.534 0.000
20 Aﬁ C34 10.811  8.551 13.668 0.000
i: C50 8.108 5720 11.492 0.000
1 \ Cs3 5949  3.660  9.667 0.000
12 C56 7.033 4290 11.531 0.000
13 \\ c67 5743 3490  9.450 0.000
: ~—— c71 11796  7.646 18.199 0.000
. e — C78 10.857 6910 17.058 0.000
2 C83 9.589  6.445 14.266 0.000
0 €90 7.103 4387 11.502 0.000
10 20 30 40 50 60 70 80 90 100
percentile c91 12.894  8.019 20.732 0.000
—Baseline ==Tree ~——Regression 92 14918 10.549 21.097 0.000
N —— 112 2318 1489  3.611 0.000
= R = 21 3531 2.621  4.757 0.000
[Fig. 31 Lift graph of model assessment 150 2561 1735  3.780 0.000
160 11573 8268 16.198 0.000
3.4 OB 7| S=E HA Al 161 7.197 5273 9.824 0.000
L i 555 23 4% 534 1 90 s
713 B3Rt of|SAMYES dbske] 50084 o4 J18 4015  3.095 5210 0.000
507) ojE7|mel o)g7|W 2% 24 APLH|(HSMR) J44 2422 1686  3.479 0.000
8 ARl L AN Sl FEE 24 A B 1ot sos 1959 000
(HSMR)7} 7} e o5 7|¢e] oa7|¢ S5% BA K65 7397 4561 11.996 0.000
APH](HSMR)= 55.60]910H, Qg87|8 25 HA K70 3.116 2209  4.394 0.000
APGH|(HSMR)7} 7HY =2 o 7|ate] o873 22 K72 9.501 6219 14.516 0.000
% g ARRIHSMR)S 201 52 et Ajol7} o1& N7 s ak01 376 0000
gl & 4= AATHE 10]. NI18 3101 2.142  4.488 0.000
PO7 12434 8.112 19.059 0.000
S06 4721 3525 6321 0.000
T60 10.973  7.065 17.041 0.000
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[Table 10] Hospital standardized mortality ratios by

hospitals
o) 7] Al d%  HSM 95%Cl

A= AP AP R Low  High
92 108.4 84.8 684  104.1

2 73 722 1012 793 1272
3 43 41.9 102.6 74.2 138.2
4 53 51.0 104.0 779  136.0
5 147 210.2 69.9 59.1 82.2
6 38 40.6 93.5 662 1284
7 42 40.0 105.1 75.7 142.1
8 54 46.0 117.4 88.2 153.2
9 46 363 1267 92.8  169.0
10 113 176.2 64.1 529 77.1
11 72 643 1120 87.6  141.0
12 99 134.1 73.8 60.0 89.9
13 37 326 1135 799 156.4
14 105 888 1182 96.7  143.1
15 99 85.8 115.4 93.8 140.5
16 42 312 1347 97.1 1821
17 77 84.7 90.9 71.7 113.6
18 65 632 1028 794 1311
19 53 355 1495 1119 1955
20 70 52.1 134.3 104.7 169.7
21 96 98.4 97.6 790 1192
22 113 104.8 107.8 88.9 129.6
23 44 50.1 87.9 639 118.0
24 41 334 1228 88.1  166.6
25 60 454 1322 1009 1702
26 55 41.1 1339 1009 1743
27 92 79.2 116.2 93.7 142.5
28 64 67.8 94.4 727 120.6
29 18 163 1105 654  174.6
30 10 89 1125 53.8  206.8
31 52 37.1 1400 1046 1836
32 85 89.6 94.9 75.8 117.4
33 28 254 1103 733 1594
34 11 18.5 59.5 29.6 106.4
35 40 423 94.7 67.6 1289
36 27 28.2 95.8 63.1 1394
37 90 89.4  100.7 809 1237
38 64 47.8 1340 1032 171.1
39 33 57.7 57.2 394 80.3
40 47 363 1294 95.1 1721
41 41 54.6 75.0 53.8 101.8
42 48 86.3 55.6 41.0 73.8
43 67 548 1222 94.7 1552
44 51 48.9 104.2 77.6 137.1
45 77 95.3 80.8 63.8 101.0
46 26 12.9 201.5 131.6 2952
47 52 28.6 1820 1359  238.6
48 80 529 1514 1200 18384
49 76 79.2 95.9 75.6 1201
50 81 63.6 1274 1012 1584
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