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Abstract

Objectives: To evaluate the performance of models to predict AMI patients death using

severity adjustment measures in Korea.
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Methods: Medical records of 861 patients treated by AMI in 7 general hospitals during 1996
and 1997 were reviewed by trained nurses. We measured the severity of patients by APACHE III,
MedisGroups, CSI and DS. Using each severity method a predictive mortality for each patient
was calculated from a logistic regression model including the severity score. The statistical
performance of each severity method model was evaluated by using c-statistics and R2. For each

hospital, z scores compared actual and expected mortality rates.

Results: The overall in-hospital mortality was 14.5%, ranged from 10.0% to 22.2%. The
distributions of severity scores for each method was significantly different by hospitals. The four
severity-adjusted models to predict AMI patients death varied in their statistical performance for
discrimination power of patients death. Order of Severity-adjusted mortality rates and z scores by

four severity measures was different.

Conclusion: Severity-adjusted mortality rates of AMI patients might be applied as an indicator
for hospital performance evaluation in Korea. Because different severity methods frequently
produce different impressions about relative hospital performance, more studies has to be done to
use it as quality indicator and more attention should be paid to select appropriate severity

measures.

Key words: risk adjustment, AMI, mortality

165



St=12| 2 QA& XI, Volume 10, Number 2, 2003

R
frtt
il
=
rlo
et
X
_E

J"Jr(outcome o th3t Yri= 9
gk 9ot} 9E P99 T
£ Aol Eu}zj o7

)

7§1‘%‘/} OJ% %P—i i”"&ﬂ‘ﬂ %9—”‘] g9 49 93
T o= A% FAo] gt 12y 1

B o)FolA AFEL B 98 AMolY g8
of & AP ¢ FR(structure)®] SO AY E
g P99 e EH?\"} 959} F4(process)d w3
ZHdM Bk g 4
& ol 3, B Ha AFe
2 24E PRt Ao,
159 thgt B7ke A9l ZEd

>
rfO
2
b
s
=
_I-l.l
Ao,
Z
(g%}

=

-
g

=
;\N

APACHE I, Computerized Severity Index(CSI),
MedisGroups, Disease Staging(DS). DRGS-¢] 7§LF]
o] 277t FEE T e, SHTTEE i
A wet 5% pdel Aol7t Y FFE SA £
e WY WB9e HEA99] #8 o

ME tad
gel ofn £712 A}ﬁo}% l o weh F2Eg

CSL, MedisGroups, DS 5% %7/HEHE s &
TERAANLES Aot BT 98 2E WUt
1, FF& 73 Ut Aol Hlusle] FFERA
ArE ARY A4 1 58S FrteEs g

24 AY s AL, A7, 27
A0 24 3 T 8L Adale) ABE w
o B4 A2 oz 9w, 2 §A9 W A
ECBEREEPTE 2 G5 WA

158 398
49 33E

l_.

[-lI
O_E'_i

>
B .
Jﬂ. o
j
é,

S%L
—Ll
N oﬁ



T2 dEel AMgE1 9 APACHE I, CS]
MedisGroups, DS ¥3He W4 A S ZAlsHth
g Szke gR7|1ES FHHOE HESY &

ZAETFEE TN fgEo] A 29 FFE
H7} £ oA APACHE III, CSI, MedisGroups, DS
1A BFE ARSI o, A& A gt HE 2
o] HES 3 48] ARl AF31A B& A o

FE 74, B4d 3 ARSIt

1) Acute Physiology and Chronic Evaluation Il
(APACHE 1)

o] #Aglo] T8 P $hxpe A}
S Wrksh) Q8 AdE TTEA, ezt
AEYAHA-a gradient), EF%FT(albumin), %32
] ShekAB9Harterial carbon dioxide), % 84k
9Harterial oxygenation), & ]o]o] 2| (arterial pH),
&9H(blood pressure), =L AAA(BUN: blood urea
Aldke(heart  rate),  HETEAHE

(hematocrit), 2J2JAE](level of consciousness), 3§

[
o2

_(H

r‘—{lI e
Hroopel

[e3
=

nitrogen),
(respiratory rate), & 3# o] (serum creatinine),
HZUHE F(serum sodjum) A (temperature), 853
2] 8 (total bilirubin), L% (urine output), WIFF
(WBC count), & o(glucose 59 &2 2ARH9)
o] ZAFTOZE ALES Y3 d 3317 ofF
7 e FFE e AN Y ARE 7S 48
&, 77129 Suk A8 comorbid conditions) %

Bk

2) CSI(Computerized Severity Index)
A H“J‘)ﬂ —T—‘C A% FHY & AW A
5 )

?_ﬂ.%]—?—, physu:al examination findings, %-& 94
A 5)E TAEE, SEE d9E Adea
= ]/\]-31» LEH
1] o=
1% 477}74 iw a1 Zé
Julet, 4= 938 AES st

|

7

239 23 1ntervent10n) 29
7

ZZE x}j

flo 4
ox

42
()
S
=

o
o T
o|\

ofN ot

o
! o o

Utk 98 A%t

it
59 7)20] Bkl &

{1

=
do,
)

¥
ofN
AL
rlo
AR
e
W]
.
ol
=
. o 1o -
Q. =)
o L
NS =
= N f rﬂ rlO
5= &
o &
20 <)
N N ol
=S M
fr =2 0 o

o
i
~
ofN
0
i 4 >

ol
2
riot
>
<
~
R
[t
i
2
r
ol
o,
ol
o|N
1l
et
ool ol

3) MedisGroups
GF71Z2A  FoAR FQUFAHH(key clinical
findings, KCFs)ol J&??} AHE ]%’5‘}04 TSEE ¥
7}3Ph C:r‘olq ] A = 73
o

i

Z}i 444 ‘ﬂ g &4 }%11 3]
ARGl delstd A8 TiES ds 5 ok

4) Disease Staging(DS)

Aol Ao g FHol TP AR

AA L, 1 & Ao HA Wite 7S AAR

9] WAE Attt AWl w7} Zsistd Al

7fﬂ 711“3} A1 Pl AU FAY
7k 9l , SA2E e 2]

Al
A7t e A=
AL w3k A, 9A3E o F4vt

167



|'o|

=2|ZQASt3IXI, Volume 10, Number 2, 2003

1) 3370 OE HAYE SETEYMYE M5
APACHEI CSI, MedisGroups, DS %7}=7E 2
T ATEAEAt 4 & FEE AFE S
HEE 31 AP RS FEHSTE 3le 23R
e 73 TTEE 7 329 7Y AN ES

}‘\l.
¥ BTRE 2l 30819
L= o A
~e s

=
)

e gt mt
ro
ot
=2

ol
o 32
o

=

4% W gsE e $94% 9eg o
F1 A0 B8 A A 2 TN
SEEE: %

-
[1-1

tlo

ol X > =
2 N
1o
>
ol
e
o
T
QL
2
o-{
0
bt
bt
-
i
il
)
o
rj\g
1o
ofN

ki
o
o
>~
>
oL

* A WR9 F3% B A9 -

AANEE x AR ALLE
T S JAS-E (average rate)

2) NYEE0E ¥ ElYE HIt

AEE dEEYY HYEE AETe Ao 4
Fojio| et 3852 (measures of discrimination)Z
Ag57F 28 A8 A= (measures of calibration)ol
o HrhET12). & dFdMe 2¥Y HETES
Hkske AXE ¢ $AFS AR, ¢ TAFE
ROC(Receiver Operating Characten'stlcs A9 o}
HAZ FYsitt ROC & XS (1-59%)Z 3}
1, Y5& AEER g 1= H"M AA| AprtolF-
g 7)1Fes 0}04 M ZFo|x Aol A& |l
£ Akt 7|iAEE R 7IEE S
t) 0 A 5E 1707 WsAZ o dojd ®

l_.

AEst S0l 74 Ae dEste] dojith wtA,

:
ROC 349} o} B8 grlshe ¢ $A%0] 19 2
9 3 mgo] $¥F BESAL AY Aoz 45T,
052 A%t B4 el gl

T AoE Bt o
e c 5AF ol 2
= B7HE = Slok1l).

AREE dZ2EYY A= (goodness-of -fit) &
7¥8he A %2 Hosmer-Lemeshow S432 ©]-431%
t}. Hosmer-Lemeshow &A%< 7|dAMdES 1089
2 FEee, 4 259 AR AR A
2 FASE mAEd E ¥ oz s|uAAse
AANBATY FET Fg Aot pls W 1 B
9 FAA AP AR AH12). 4 ZF9 4

Seds A9 JES SHHESE o AMEE
SEF9 BEE HWHRS vl Bkt

£ IUE 2 3l A&
a5 e 44 9
37] 98 aAkebEH (cross-validation) S ©]&-315)
TH12). 2AFHES AR 10%9} %2 723 &
0% AEE BF A & ¢ FAFS =9,
of A4S 103 wESH ¥ 1 Fgs ARG
(corss— validated ¢ statistics).

2 *PELE] AEE
= H

3) SEEBIITTY BUY 43 8D
B 9 200 4 WP A 29
W49 BUE 335 BAAGES AN
05k 4, 2 999 94 A5 2
REEXEE
Wl A13HE A
REEXEE MOF s FELE L ELE
guistez AANGE] o WS Hohke 73
B 28] 53] v A 3
].b‘L 2= 011;]. 1 1:].%2
2 Wstel 398 492 .
AAS A Aol AT &
QAZ rol F oz AT FAA

r—tN ruzm



) o)z} BAA L2 o) gl AAA ¥m ¥ 9]
= 2383 Aol z score7t 16ET AAY 196
HYh 22 Ao AARRS) TSR
A BAY A2 AoE P

lll. 35z 3}

oX
riN
2
—z
N
A&*

O
_'rﬂ
3

&2
S o

U
x
>
J
y
>
H
o]
p
il
o
0z
|0
Hu
i
Ol
0
Hn
H
04
a
12
1o
05l
-

BooComS =

2. 38 &% Zi
1) 83k =70 OE 53% =%

AA S 747 S5 34 WS o83t
Z5EE Y3 Ade Table 29} 2t} APACHE I
2 MedisGroupste HYEE $ZTd g 2 37
o e aRYeR ol O EF S B

APACHE e F5=9 AF4EE7} 0ollA] 1900]
FEEATTH 60010 F& T EH%EPE 327 A
S} CHQol| A 12.8%, 145%Z okl '?_0“}"] 4%
2 7P A%tk CSle YRz A, PolA 3, 4
T8 327} HE o)A ApA|ske] A 4 %ﬂ s

T

AW FA A2 A= 3

o} BEYO] 100%= 7V
71 =9 Table 1).

2501, o A%

12 0}04 >

oH. _i?.:

o,
2,
=2

il
ox
o>
1o ry
=
ofN

(=]
=
it

> oM
ol

=y

an}

=

o

7o) A7) AL
o A¥ o] WA%E
A7 A W we
2 606M(584~64.2)STh.

o
=

lZl OMMI

st 24
2E 83~166
3l Szl
14, 5% o=

£ 132

7} o] BX3ATh MedisGroupsE 2259 B2}
00do] o2 =& 7 sj3sh= &7} E, BEY]
241% 2 B6%2 HoH, A C, G Hé loe 27
339%, 36.1%, 32.1%% otk DS= HYHE 34 o)
9 28 A7} A, B, C HYA Z 7# 147%, 175%,

120%=

2) 3558 NLUE

35 24 Yo uE AYEL

ofx

ZZ]:

Table 1. Actual mortalities of study patients by hospitals (%)

TE3I

[}

& CSIe 1A
0%, 2TANA 45%, 3T 186%, 4ToIAE BAA%E
A7k 71 wet AEe] S8l

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 58.4 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 (%) 222 10.0 16.3 15.9 14.5 12.9 10.7 14.5
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Table 2. Severity scores by severity measures and hospitals
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Table 3. Observed mortality rates over severity measures
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APACHEIII Csil MedisGroups DS
mortali mortali mortali mortali
score %) ty scale %) ty score (%) ty scale %) ty
<15 2.8 1.0 0.0 <0.01 2.7 3.1 1.3
15< <30 3.5 2.0 4.5 0.01< <0.02 32 32 7.9
30< <45 8.3 3.0 18.6 0.02< <0.03 3.5 33 16.2
45< <60 27.3 4.0 54.4 0.03< <0.04 8.6 >34 37.8
60=< 63.6 0.04< 32.8
Table 4. The performance evaluation for risk adjustment models
Sex & Age DS Csl MedisGroups APACHE I
csta. R® csta. R?® cstat R® ocstat R® csta R
1 0.656 0.033 0.727  0.0941 0.787 0.125 0.807 0.122 0.840 0.189
2 0.673 0.038 0.733  0.1003  0.787 0.126 0.816 0.123 0.840 0.193
3 0.671 0.039 0.718 0.0798  0.781 0.126 0.814 0.128 0.841 0.196
4 0.662 0.034 0.739  0.0896  0.798 0.153 0.826 0.130 0.848 0.193
5 0.666 0.033 0.731 0.0932  0.786 0.119 0.810 0.126 0.827 0.168
6 0.679 0.042 0.722  0.0872  0.784 0.125 0.810 0.116 0.830 0.177
7 0.656 0.030 0.731 0.0951 0.790 0.125 0.810 0.101 0.838 0.170
8 0.667 0.038 0.740  0.1002  0.799 0.139 0.824 0.137 0.832 0.186
9 0.688 0.046 0.713  0.0838 0.794 0.125 0.849 0.131 0.848 0.188
10 0.671 0.037 0.722  0.0888  0.796 0.133 0.816 0.123 0.844 0.182
mean 0.669 0.037 0.728  0.0912  0.790 0.130 0.818 0.124 0.839 0.184
cross- validated value 0.669 0.037 0.726  0.0884  0.791 0.145 0.818 0.124 0.839 0.184
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Table 5. Risk-adjusted mortality rates by hospitals

Measures ospral A B ¢ D E F G
APACHE 1T 20.6 12.5 14.6 17 12.9 12.2 11.8
CSI 15.6 10.5 13.5 23.4 9.8 15.4 15.2
MedisGroups 23.53 18.22 21.67 29.88 31.31 21.22 16.43
DS 17.1 8.9 17.4 16.1 12.5 12.1 11.4
Actual 22.2 10.0 16.3 15.9 14.5 12.9 10.7

Table 6. Comparing z-scores over hospitals by severity measures

Hosor Measures  APACHE T csl MedisGroups DS Actual Mortality
ospital

A 2.62(7) 0.67(5) 3.93(6) 1.4(7) 222(7)
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