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<Abstract>

Validation of the International Classification of Diseases
10th Edition Based Injury Severity Score(ICISS)
- Agreement of ICISS Survival Probability with Professional Judgment
on Preventable Death -

Yoon Kim", Hyeong-Sik Ahn”, Young-Sung Lee”
Department of Social Medicine, School of Medicine, Sungkyunkwan University“
Department of Preventive Medicine, College of Medicine, Korea Uniuersityg)
Department of Health Policy and Management, College of Medicine, Chungbuk National Universitys)

Objective - The purpose of the present study was to assess the agreement of survival
probability estimated by International Classification of Diseases 10th Edition(ICD-10) based
International Classification of Diseases based Injury Severity Score(ICISS) with professional

panel’s judgment on preventable death. ICISS has a promise as an alternative to Trauma

and Injury Severity Score(TRISS) which have served as a standard measure of trauma

severity, but requires more validation studies. Furthermore as original version of ICISS was

based ICD-9CM, it is necessary to test its performance employing ICD-10 which has been

used in Korea and is expected to replace ICD-9 in many countries sooner or later.
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Methods : For 1997 and 1998 131 trauma deaths and 1,785 blunt trauma inpatients from 6
emergency medical centers were randomly sampled and reviewed. Trauma deaths were
reviewed by professional panels with hospital records and survival probability of trauma
inpatients was assessed using ICD-10 based ICISS. For trauma mortality degree of
agreement between ICISS survival probability with judgment of professional panel on
preventable death was assessed and correlation between W-score and preventable death
rate by each emergency medical center was assessed.

Results - Overall agreement rate of ICISS survival probability with preventable death
judged by professional panel was 664%(kappa statistic 0.36). Spearman’s correlation
coefficient between W-score and preventable death rate by each. emérgency medical center
was -0.77(p=0.07) and Pearson’s correlation coefficient between them was -0.90(p=0.01).

Conclusions * The agreement rate of ICD-10 based ICISS survival probability with of
professional panel's judgment on preventable death was similar to TRISS. The W-scores of
emergency medical centers derived from ICD-10 based ICISS were highly correlated with

preventable death rates of them with marginal statistical significance.

Key Words : Trauma, Quality Assessment, ICISS, preventable death, panel study
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WA FTE BETE AR R AR BF, APEAREAA 4 B, SHds
2 AR £F 7Y 5ol Wt fEa 282 o ARAQ AR FTE R

TZE ISS(njury Severity Score) % -TRISS(Trauma and Injury Severity Score)2}
ASCOT(A Severity Characterization of Trauma)7} $FHChampion 5, 1995). 8F#%F TRISS
Y ASCOTE AgFRel %2 vEd o] 2aH7| wie] ¥ AMEHA %k gtk
(McDermott, 1994; Shapiro &, 1994). ¢-8] Yetol & g5 e glelx 2 2 A7} o
*r°1ﬁ° VoIt P& 5, 1994 95k FAA, 1994 AFE D A7, 199%).

A2 oA AR E ’%W £ FAEFAHARIE-7 3 = (International Classification of

Diseases, ICD)E o] &3ty &44 JA&A AgaES Hrleshs =790 ICD-0CME ©] 83
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ICISS(ICD 9th Edition Clinical Modification based Injury Severity Score)7}F 785 $ITHOsler
5, 1996, Rutledge 5, 1997; Osler %, 1998; Rutledges} Osler, 1998; Rutledge 5, 1998; Hannan

, 1999). 7]1& A7lA ICD- 9CM2 o] &3 ICISS Y AZEIHEE 1559 TRISSO 1) %

FTHOsler &, 1996; Rutledge & 1997; Rutledge &, 1998; Hannan &, 1999). & Kim -(2000)
8] et $7BAE Y A8 E o] &3] ICD-10& ©]4-3 ICISSUCD-10 based ICISS)4

o) & €2 E(predictive validity)E B713F3th o] AelA ICD-105 ©14-3 ICISSY ol ZEtd
EE ICD-9CM < 0] &8 ICISS 2 TRISSS FrAFs &0l gitt, A% ICD-10% ©] &8 ICISS
7t HEES AT FFE FAETE QALY A E ohoret B E B A7 $7 5o
of gt}

o 3¢ ofn o

ICD-10% &3 ICISSE «7hsst A At 2, JFEAZEAA A3 37} &5
Ja718d A4 7 F7t 5o E8F 5 gle B E7UHE FUke) dsiMe AEvt
%) (professional pane)°l &3 ] 748 Abgel #ezke] A TE Hrleke Aol $238
o} kst old@ate ovbsst Ardel dist A&7t dd Y ES 8 55 Bt
ET9 Y RHoE g @13‘7}%5} A& ddhs #5718 (gold standard) 2.2

dolzo{ A1 §l7] wEoltt, Kim 5(2000)8 A& ICD-10& ol &3 [CISSY ASEIEE
H7he Zol ot B ATE ICISSE o148 7IdAEHER A&7 e Adrbsd A
of tist A AN EE H7Io N o] =7 FAHENS Ecriterion validity)E 27}
3t7] 93t Zolet,

£ A7E ICD-102 o188 ICISSY EAEEEE H7Fsb7] Ysta, ICISSel 24 71 tiAL
FEEH AEtidy dyrbest AP st #ite] dAEE FHrhstuzt stk & A
T FAA 542 o5 2o A, o3 AMFEAE e ARt ddel g% ot
T AT e e ICISSY AFREE 2AT ATk AP AAEE B
ol F 7 WRENRY irbsd ARl di wde] et dAR & S
ICISSE A% tsdt AP At E 2daidies ad49 =72 4843 7 e dvjdth
A SFABANEEE A JLSAE AR [CISSOl 2AE $F5 BA AMEE H7HA
A W-BAZFW-score) HAE7t dide] g 94 AR Agwrbsd ARR
(preventable death rate){te] 4##AAZ %7}5}“‘:} o] F X]Eﬁgl ARBAN =S 7
Wbs st AN Bddhe FF7)EL 5
287 %Y YA EY 44
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£ AFoME ICD-108 ©]4-3 ICISSY BREE B71el7] $18t9, ICISSE o] &8t 7|t
3 A7 HEY irbsd Abge] digt Fdzte) YA =S Hrlstnat st o) &

A 4 AFEAE dgoE ARV HE oRrtsAgel g ddd 1SS 71
E7HY AARE FHrEGi vy HAE 72 SR A 4 JdEAE gtes
| A% W-SAF 287 gde] g3 A AL drbsd AFRE g
#HAE F71stH(Fig. 1. o

6 EMC
¢ 2 Tertiary
* 4 Non-tertiary

L !

Trauma Deaths Trauma Patients
(131) (1,087)
ICISS Survival Professional Panel’s W-scores
Probability Judgement on Preventability by ICISS
Agreement Correlation
rates coefficients

Fig 1. Study Framework
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TS 4303 e, 17
SER = EEREEELFTES
.‘

skeith A3 =S,

Al o7 Ad e AERE 25% T B35 non-preventable(NP), 2575%2 734
potentially preventable(PP), 75% ©1/32l 7-%% preventable(P)$] Al 7}?‘].% WEE 1_"-#0}04
st cHMcDermott 5, 1996). 94 X EWFY 557 AL Thed sEolH, ARH

Aol Q77 BT, o]d WELFIF AP Az A FFgS “1?1 A+E Ats
3 A AR B8k tHMacKenzie, 1999). A& Fo] et IS ATLS(Advanced
Trauma Life Support)l 7I&8 ZAgxHel AT American College of Surgeon
Committee on Trauma, 1939). o
AE7F de g4 APTERY At 2 A 5 Edd g - A, RTS(Revised
Trauma Score)s TEH AN &2 3e), 59 5
A9, FHAR F& ARSI o9 #A A&7 side] I JuTlsE Aol gt
7} ICISS 71HAAEGEY dAEE B7het7] 93] 489 AFI1EAL ZAME 94 A}
B9 ICD-10 M ZEE 10707HA) 2ARHATE AE7F s el Al At dskak 9] ICISS 7]
WPEFES AZHA Gtk T4 FE22 AT A APTEA 1088 O3 eE %ot
g A7t A PRk APgel tid fEe] X EE 0%RT

]o

B9 2% 43 59 o)9e DEA UL 2R BEHROH, SFARAY F 1392
2 AdEGT 2AR B MER Wk slsith ZA AR 9]
22 AEdel STARME WD FAY BA AR, Y ol 5 2 AA AT
#3789, 154, 494U 2T
4.1CISS

ICISSE FARFZAYEFIAEE of&3to Y EAY FFEE F7lshe EFoltt & 9
TFellA e ICD-10 3 2=E 71@1"&% E(survival risk ratio, SRR) Ho|ElHle|~E 5%
3, Akt ICISS 7|AAESES T tHOsler 5, 1996; Rutledge &, 1997; Osler &,
1998; Rutledge$}t Osler, 1998; Rutledge 5, 1998).
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AEIEE V|NAEEES B IS M e JHAERES BYHor
Az Flojtt ol B4 AMITE 7 ALIALE EF AWAEE 7 A4 38
TE U Zo|tH(Equation 1). 1996\ 19 F< 8 Ut 357 SF BB QAT 9
A 47750 5715 AARAEE o] &3] ICD-10 FH IR VHAEHES A&t
SHATAE AEA QAR I I E 7608702 A 1909 HE 1809 A
L7 dAskgT AP = LIT8H R APTES 25%%

Number of patients that survived with ICD diagnosis i

SRRicow = x 100
Number of patients with ICD diagnosis 1

SRRicpw : SRR for each ICD diagnosis i

Equation 1. Calculation of survival risk ratios(SRRs)

i

2) ICISS 7|cH A =2}

ICISS 71AZHEE 54 98 Adace Ayacy Jgazss g9 gog
98 th(Equation 2). ICISS= ISS%= 22 ICISS & AHAI7E 54 €49 7|4EEE gtol
H, ol 03 14kl 9 ghe Zeth

ICISS = SRRigjay X SRRigy =-vevv e X SRRinjuo

* SRRint-10¢0 SRR for the patient’s each injury

Equation 2.. Calculation of an individual patient's ICISS for survival

ICISS B4E3 L It 7 YELE(P) AHEe7] Hste] ICISS ol ¢lo RTS o

AoltHOsler 5, 19%6). A2 F5571 4 4
PagtEo] v £7] Wi, off 2lolA 554 o3l B¢
S AGE=(°] 2t}

o P = 1/(1+e
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0 b =ho + biRTS) + bo(ICISS) + bs(AGE)

B oA B Aeatd S5 E AR RTSE FREYEAY A4S B7tst
& o AHEE GCS(Glasgow Coma Scale)® %718 ¢H(SBP; systolic blood pressure), 28
T(RR; respiration rate)& ©]&3to1 A4t Table 1). $-8 Wt S3 A AME A Utz o
Z GCSE AHgstol JAREHE H7lekA 7] Witel, 77156l 7158 &t 24 eo] o
& 71 Y&S RTSHA AHEEE GCS FE gog A0 R Asto] FABIGITHTable

D). ojge 224 Foe A7 9% 4 SFe AF Y AEo) 2AdGI dutgoz 9
A & (alert/drowsy), t"_}%-v—(semlcoma), £ (coma) FH= Hl2d H3s| FRHY Z&
(confusion)® EW](stupor)& & FEHA e 202 dHA Qi)

o RTS = 0.9368(GCS) + 0.7326(SBP) + 0.2908(RR)

Table 1. Revised Trauma Score

GCS .
Coded Value Operation - rolic Blood - piration Rate
Original GCS . Preassure
Definition
4 13-15 Alert/Drowsy >89 10-29
3 9-12 Confusion: 76-89 >29
2 6-8 Stupor 0-75 6-9
i 4-5 Semicoma 1-49 1-5
0 3 Coma 0 0

5. Ktz 2M

1) ICD-10& ol 88t ICISSe| 55% HH Atzes

Aol

o
o

3 J9Ea A8E o) 435to] ICD-105 o148 ICISSl RTS, 9%
% (logistic regression model)& T-&3t5 oW ol & ZAZ 94 dYs
=oboict o A 94 ?J%l%‘rx} A5E SAZ FEEICISS F458 9 3A
Febatol Al A gate] o]59] ICISS 7SS ES AEEIT
AZEFEE Frlste ARE Y S84 AYIAE TR E 5

A E(measure of discrimination)® 282l &35 (measure of calibration)Z 473}
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TARE TEE £ Qloh B AFelX = AEEAS) AFLERAE TR $YE Frlshe AR
E IR 5olE ¥ FE(misclassification rate), ROC 341312 @ (area under the receiver

operating characteristics curve)s, 289 A3 EE H71ste A X2+ Hosmmer- Lemeshow &
A AHEFSItHAsh 5, 1904). AR SolkE APERE 7|50 8 AAbeiit,

Pﬂ‘“

2) ICISS AtZY&ED} o 27bs B Atbof ciet

rel
i

7ol x|

H

HE7E A4y ourbss Ao st Bt} [CISS $55 A AMSEE71Y 9%
ARk A X % ¢} 7135 AlZ (kappa statistic)& 0] 4-3tod Frtstdit) A AL 5% 49
ToAA FA8E FAs.

+

W-SAZS ¥ e B4 AY 3719 AR89 43 &85 F7] A5k, 9
s g}x}g} FTEE BAT Fo 27 WE(excess survival) £ 27 AP (excess mortality)
e 7] S8 7 Aolth(Champion 5, 1995). ol AA &8 (A)9} ’\}”}

o] 2A% 71 AEHAFE)Y Aol E ZAFNFEA 1008 FIN/100)2E &
3tet AolthEquation 3). W-EA%FS] FAL Z-5 A% (Z-score) 04319 713@3}91‘:]'
(Equation 4)(Champion &, 199).

ICISS &4EZA A28 I Y48 7BELES o] 83to] 72t 33 e
F5E BA AMEEES gvete W-sAEE A&t 24 $H9 Sk
9 PPt AFEET A% QLA AN ) W-E AR FARAE Spearman A F
9} Pearson FBAITFE o] &38te] Frtatdt dWrbsd AMSEL dlg SFABAE Y A
93 AEEA F PPPE A Y ARV ARA S vFE vt

VAE=2
=
=)
e

N
frt
‘.i
o
uE
o
ox

>
=
ol
rgt

(A - E)
(N/100)

Equation 3. Calculation of W-score

(A - E)
VvV 22Pix(1—Pi)

* Pi : Expected survival probability of patient i

Equation 4. Calculation of Z-score
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1. ZAILHYRIS S

671 %T}Blﬁxﬂaow REFEHE Y AR = BF 2149019l oH o] F DOA @
A 4383 AT AR AF-E B ofH AW 218 AYI 2109 & AR &
At ol F BF 131% GF7NEE AA 2AKRI, 2AMES 624% oliTh 9 AFEekat
Ho A% 4274, RTS 448, ICISS 066 ©131tH Table 2).

678 a2 AE oA TRFZE dNHAE BF 12270190 )5 F JFIN=ERA 2
A AAA21E v1FS, U A BAASE oS 8 5 11538 A Qe 108738 24
RO ZAHEE 904% oIt $FASAEEE 2AME Ak 143—198”301%15}. A
AsAE deAe B AL 4104, RTS 737, ICISS 082, AFEES 89% °lsith
(Table 2).

Table 2. Characteristics of study population(average values)
Trauma Deaths Trauma Inpatients
(n=131) (n=1,087)
Age(yr) 27 41.0
RTS 448 7.37
ICISS 0.66 082
Mortality(%) 100.0 89

2. QYIS AMMOll Cht EHCEE ICISS ZICHYEEE212| YR =

gAY 75 S NP(non-preventable)®  PP/P(potentially preventable %
preventable)d 27H4] H&OZ T3S Wowk £57), ICISS 7HBEEE T AF719) g7
J1ZZA e gt o7 Al g fdo] dAEtE AL BF gpEE Zdt&a’ dA =
T 649%, 7HEAZES 036(p<0.01)°1ATHTable 3). ICISS 71t EE0] 442 NPR
e Atde gashs e vehd W ppPE B9E AldE SlekE ¢ *&% LR
q ICISS 7| 8EEE0] 025 1’3 B$ 541%7} PP/PE BetE Qi) ICISSel 9& 7))
T80 025 ¥l A4 152%7F PPE #9Eon pE woE A9E § A% gk
RMH}“H A7 e NP, PP, PS] 3714 o2 R34S o (35 7)), ICISS 71th A

10
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E£357 L7t JFIIERAL & ofWvbest Abge] digt wddo] YAF AeE BT
64002 ANA YA EE 489%, FHHEAFS 0.22(p<0.01)°] ATHTable 3). ICISS 7IthAAE
&50] 075 o132 A NP2 #9E 45E 263%01 EFF o 7IhAEZE0] 025075
A ¢ NPE #4948 4%+ 61.7% 2ottt

Table 3. Agreement between preventability and ICISS survival probability
(Unit * patients, %)

Preventahility PP/P

ICISS Total

Survival Probabili P PP Subtotal

12(316) 16 (421) 28 (70 10 (263 38 (100.0)

= 0% [ 76]  [1221 [198] [ 92 [ 2901

- 5(106) 13(277) 18(383) 29 (617 43 (100.0)
0257075 [ 38 [ 99 [137 [221] [ 59]
025 < 0 00 7 (152) 7(152) 39 (349 48 (100.0)
: [ 00 [ 53 [ 53 [28 [ 351)
Total 17 (130) 36 (275 53 (405 178 ( 595) 131 (100.0)

* NP=Non-preventable ; PP=Potentially preventable ; P=Preventable

3. 32ogHEE W-SAHZD oU7IsS MYEZS M

SHYRAEE W-F 13’%‘ Ad7bsst AFEET FERAE sl Aste], AA 94
AHEAE O R ICD-108 ©l&¥ ICISS FFEH S ?-—?’6}‘*‘0‘4 °|F ol&std oF
SAEHE W-5AT

}:l
FE& At ‘5}01‘3} ICISS 7|HAESE SR UREE 36.1%, 5ok
9R.7%, LEFEE 69%, ROC 43 |AL 086001t Hosmer-Lemeshow &%

rio

15435(p=00612)2 E¥< AT Aoz Heht:
SHYRAEE W-SAZS AR7}h didel g o AFFERY s d AMEES A
A0 g whldste FS vebilrhTig 2). SEARAHE W-SAZFY s AHtE

FE -0.77(p=0.07), Pearson ¥&ATE -090(p=0.01) °Ict. 325 ¢
53t AFFE S W-FAIZC] B3abEd FF A5 AlE el vlsto] Wkt

11



60.0
M(-0.89,55.0) 7Z=-0.48
-~ W(-1.29,500) Z=-0.83
) B (223,47 8
32 Z=-1.13
2 40.0
= W (0.06,37.0)
] Z=-0.03 ® 41, 346)
a Z=0.86
2
K] @ (3.05,21.1)
g 20.0 Z=3.08
& Spearman correlation coefficient = -0.77(p=0.0724)
Pearson correlation coefficient = -0.90(p=0.0145)
0.0 T
-4 -3 -2 -1 0 1 2 3 4

W-score

Fig 2. Correlation between Preventability and W-score by Emergency Medical Center

x 1) @ : Tertiary, B : Non-tertiary
2) Numbers in parenthesis refer to W-score and preventable death rate of each emergency
medical center
3) Z; Z-score

v. 2 %

2 AFAE ICISSY HIEEE % 7}6}71 gated WA ICISS 7HAES ST A5t 9d
of 93 ourbest Abgel tist gzt dARE Fkstgth 1ICISS /ST ES o
7hs g Abgell thgh aete] A Hi AL o2&t F79Y 4F 649%CFHHEAZ 0.36), 3%
BFo A4 489%HHEAFE 022R. ol g AL TFEL 71E AT FAM FEIN
o McDermott 5(1996)& TRISSE o] &8 7[AES 5 2AsIo] 4 AFLEAE NP
PP/PZE £H8AE 4% Autd dAEE 656% (7t AF 03581 Ristih & 4]
A McDermott 5-(1996)°1 Blate] 7t &g 75% o3 94 APdsat & NP2 ¥
g AL¢E A O K (McDermott 5, 4.7%; 2 AT, 263%), WHE 7| hAEEE 25-75%
) ArREAL F NPE 9TE 4 %E o B3rHMcDermott 5, 50.0%; & oﬂ? 61.7%). °l&
3 ARE 1SS 7HAAESE AT ddvbsd A AHE dddts $Hol TRISSS

r—{m

._.4

1 FE0E G010 B D02 DAL FEE AN SH5 1B
Y dirbsst Aol didt Beke) gan U AR gFS v 07 deA QY
(Markle &, 1992).
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£ 52 9e ol 387} 2 eer
o 4R olelg B3} e AWl
PAZES} &4

A2t BF 2L 5

N
=
ox
N
fo
ruf

o
1]
9
o
re
£

Folojob it} ql%z*_‘-:_ JotA FHY AP (unexpected
death) % & Yuiste FAA5EE
JIHEEE 05 v A F °°“BJ '—3‘7}%5_ AP (nonpreventable death) 2.2 #THE AR
7t ARk vEE H @t

£ A7oIA ICISS 7IUAERE 025 o2 PPPE BR3E W, ICISSY A%/t
Abgel digh FPASEE 541%U6/BHE 71E Aol Hlgte] & 4]tk Cayten 5
(191a)& 421789 9473 A% % He ez & AgelA TRISSY A7bsdt Abde] dig
FHASET 215%, 531 Hlow fal) EANME 160%1 =3Fstn BIagich
Karmy-Jones (1992)% TRISS® 2A3to] dieatA] X3 2152 FHoutcome) Z FHE 50
A R ARVIEES ARG A3 o7 Abdol it FHASEE 161%0] &
Faactn Busgleh Ed 2 AFoA ICISS JHAEEEY SAHdEE 9A
848%(39/46)2 £ TEOIAET, ol& AFHAY Ai(expected death) 2 #7€ Atell ¥
o7ls s AP AbEZE W A gt ol g ICISS«I A7ts st Aol B S
0“401]7“: 2 SAASE FES 58 Ut A ICISSE B AE7HEY ad 9
83t 888 + A5 } gt} 71&E Aol Hjste] & AT
A AL 2] veelA e AbREA F ke AbgEae)
o Aoz e
(inter-rater reliability)”} %& 2% A&7} Hd9 Arlse Alge] st
B dirbsst AdAEE Brkeke FE7]E0 R oA o ICISSE 559
AE IR T Ad 5 Frists 272 E4317] A, ICISSE o 48 &

| 93 SHASAEE Aurted APFERS] AEEA L

o 2 Aol SEEMEE W-AZTY oAdrbed AbTES AN
2 et SRS AEE W-EA%T A5 9] I3 s ALE
Zt9] Spearman FH|ATE -077(p=0.0724), Pearson ATAFE -090(p=001) ©IAtt.
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