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Development of Severity-Adjusted Mortality Model and Its Validity
Evaluation in Trauma Patients

Moon-jun Sohn, M.D.

Department of Neurosurgery, Clinical Research Center, Inje University llsan Paik Hospital, College of Medicine, Goyang, Korea

Objectives: Quality evaluation is the most important factor in trauma care and emergency care system to maintain and improve
the quality level. It is necessary to provide the alternative methodology that is easily applicable and highly valid in the country,
which has lack of the data related to traumatic care and emergency care, The aim of this study was to assess the validation
of ICISS that was an evaluation tool of the probability of mortality in traumatic patients. Providing the applicable and high valid
evaluation tool for the probability of severity-adjusted mortality in traumatic patients, ultimately we are to contribute to improve

the quality of emergency care in traumatic patient,

Methods: With collecting the computerized patient's data from 35 emergency care centers, expected survival rate on each
ICD code and modeling of ICISS were established. The model was applied on total 1087 trauma patients who treated at 6
emergency care centers during two years. In addition, physiologic evaluating tool, RTS and ICISS were established and evaluated.
The statistical performance of the developed model was evaluated by c-statistic, R2, and Hosmer-Lemeshow statistic. Hospital

performance was evaluated by severity-adjusted mortalities.

Results: ICISS expected survival rate and preventable death judged by specialist panel groups was 38.9% and kappa statics
was 0.027 (p<0.001). The c-statistic and R2 were 0.942 and 0.218, respectively. Hosmer-Lemeshow statistic was 9.987 (p=0.265).
Comparing the quality of emergency care centers by ICISS severity adjusted mortality rates, there were no significant differences

in emergency care performance.

Conclusion: The severity adjusted mortality rate using ICD-10 based ICISS and RTS is relatively useful tool for evaluating the
results of emergency care as a quality indicator. However, further study is mandated to establish the standard tool for evaluating

overall hospital performance of emergency care.

Key Words: Severity-adjusted Mortality * RTS (Revised Trauma Score) - ICISS (ICD-10 based Injury Severity Score) - Emergency

care * Quality evaluating tool
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Table 1. Characteristics of study patients by hospital (Trauma admission patients)

Hospital A B C D = F Total
No. of study patients 155 185 155 94 117 121 827
Sex
Female 38 (24.5) 55(29.7)  45(29.0) 22(23.4) 23(19.7)  28(23 211 (25.5)
Male 117 (75.5) 130 (70.3) 110 (71.0)  72(76.6)  94(80.3)  93(76.9) 616 (74
Age
<20 27 (17.4) 52 (28.1) 34 (21.9) 25(26.6) 17 (14.5)  32(26.5) 187 (22.6)
20~ 29 23 (14.8) 30 (16.2) 24 (15.5) 11 (11.7)  12(10.3)  12(9.9) 112 (13.5)
30739 29 (18.7) 30 (16.2) 21 (13.6) 15(16.0)  14(11.9)  18(14.9) 127 (15.4)
40~ 49 19 (12.3) 19 (10.3) 13(84) 11(11.7) 9(7.7) 11(9.1) 82(9.9)
50~ 59 25 (16.1) 14( 7.6) 21 (13.6) 11 (11.7)  18(15.4)  14(11.6) 103 (12.5)
60~ 69 16 (10.3) 21 (11.4) 13(8.4) 11(11.7)  23(19.7)  16(13.2) 100 (12.1)
>70 16 (10.3) 19 (10.3) 29 (18.7)  10(10.6) 24 (20.5)  18(14.9) 116 (14.0)
RTS
< 0(0.0) 1(0.5) 0(0.0) 0(0.0) 1(0.9) 0(0.0) 2(0.2)
174 1(0.7) 4(22) 3(1.9) 1(1.1) 3(2.6) 2(1.7)  14(1.7)
476 12(7.7) 16 ( 8.7) 6 (3.9 8(85  15(12.8)  13(10.7)  70( 8.5)
67 14 ( 9.4) 24 (13.0) 23 (17.6) 22(23.4) 10(8.6) 38(31.4) 131(15.8)
777.87 128 (82.6) 140 (75.7) 123 (79.4) 63 (67.0) 88(75.2)  68(56.2) 610 (73.8)
No. of death 8 14 9 3 17 18 69
Mortality (%) 5.2 7.6 5.8 3.2 14.5 14.9 8.3
© 7)&o] AA FFol H|sle] EAA R §o5 AlUE Al THA S22 249 AN ME B3
o] AL B8 ofn|gith. = Z-F ARl +1.96 22 7 E: D122 X HE0 28 JIt 4Z &=
G 7150 AR FEol| Hlate] AA| BEAL 2} 7 o N SSoedH &2 JH 2Ad &Xt=
B ok 23 wEel adE AEn W-EAse A4 ARSI 7| 2e] A4 gl olF
5) W-E A2 71t AE Bt o) 2fol B AL i b 100 O
oot Ao w2 54 S Al o] W-EAFe] 3o]2tar 8}

ICISS Aol Al ©] Fkol

Q) 92 Aoz FHIANL ol

B ssh wlslel W-EAF] ARAE TSt gl
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© (N/100)
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o APTE-S FH9lo] 149% 2 =9kon] DYl 32 %

Lo}t Table 1).

SR ghte] A4 dAE HA A 2210 81.9%E
A&kt g %‘rx}—gﬂ A BE¥E wd 704 o]Ato]
194% % =9kom, 60t 83% = SEUTE RTSE 4~670]
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Table 2. Characteristics of study patients by hospital (Trauma death patients)

Hospital D E F Total
No. of study patients 6 19 12 72
Sex

Female 8) ) 5.6) 4( 5.6) 13 (18.1)
Male ) 5(6.9) 15 (20.8) 8 (11 59 (81.9)
Age

<20 5(6.9) .0) 1(1.4) 2(2.8) 3(4.2) 13 (18.1)

20729 2(2.8) 4) 0(0.0) 2(2.8) 1(1.4) 8 (11.1)

30739 3(4.2) 4) 1(1.4) 1(1.4) 1(1.4) 9 (12.5)

407 49 1(1.4) .8) 1(1.4) 3(4.2) 0(0.0 9 (12.5)

50759 1(1.4) .0) 2 (2.8) 7(9.7) 1(1.4) 13 (18.1)

60~ 69 0(0.0) .0) 0(0.0) 2(2.8) 1(1.4) 6(8.3)

=70 1(1.4) .9) 1(1.4) 2(2.8) 5(6.9) 14 (19.4)
RTS

<1 2(2.8) 0 (0.0) 0(0.0) 3(4.2) 1(1.4) 7(9.7)

174 6(8.3) 4 (5.6) 1(1.4) 4(5.6) 1(1.4) 18 (25.0)

476 4(5.6) 4 (5.6) 4 (5.6) 9 (12.5) 4(5.6) 34 (47.2)

677 1(1.4) 0 (0.0) 1(1.4) 2(2.8) 4(5.6) 9 (12.5)

777.84 0(0.0) 1(1.4) 0(0.0) 1(1.4) 2(2.8) 4(5.6)
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- — o]Akel 49 NPE EH4H A= 11.1%9
Survival Probability -
Preventability =0.75 0.2570.75 <0.25 Total 2yglon 56%7} PPE 2.8%7} PE &
NP 8(11.1) 25(347) 23(31.9) 56( 77.7)  Trelark ICISSA) Sl 7im) AEergel
PP/P 6(8.4) 8(11.1)  2(2.8) 16223 0P 075 AT NPE &iiel B 347
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Table 4. Agreement between preventability and ICISS survival probability

BFEQTh ICISsel 93k 7o) AEEE
0] 025 vlRiel A4 PR F-HE A= @

A% FISTHTable 4). AFgol digh oJgk A
3
hl

[
Survival Probability 5 91 A=, RTS, SR10°] tfste] ZA|~
Preventability >0.75 0.2570.75 <0.25  Total STEAS AT Table $)
NP 8(11.1) 25(34.7)  23(31.9) 56( 77.7)
P 2(2.8) 1(1.4) 0(0.00 3( 4.2 3. 28l BT HIt
PP 405.6) 7(9.7) 2(2.8) 13(18.1)
Total 14(19.5) 33(45.8)  25(34.7) 72(100.0) SPIRAF AFTES ell=217] S AL
8 A4 vl e Wi An
. o . = 053} 2THTable 6). T4 APEE
Table 5. Multiple logistic regression results £ =R o] W7E 97.0%, Eo]k 449
Variables B-Coefficient P-value Odds Ratio 95% CI" %, QEFG 49% ROC A5t WAL
Intercepts -9.4773 0.0001 09420t} FEREA A APYSIE o=
Age 250 g Ag=5 W7k A5%S] Hosmer-
<50 ~0.9590 0.005  0.38 0.2070.75 Lemeshow 72 998(13202659); e
RTS Survived 3t wEoA AZE 7)) AAtES
: Death 1.0725 0.0001  2.92 2.3273.68 Holm Rale] Al B iz 71%/\}
SR10 6.6849 0.0001  800.22 44.327999.00 walg=e}l AA| AlRIGE7Re] By B
"Cl: confidence interval, ?SR10 = SRR_1 + SRR_2 - - - - SRR_10 e e .
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Table 6. Ability of developed model to predict in—
hospital death

Head trauma patients

Sensitivity (%) 97.9

Specificity(%) 44.9
Misclassification(%) 4.9

ROC analysis 0.942

H-L statistic 9.9873(P=0.2659)
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Table 7. Ability of developed model to predict in—-
hospital death
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Table 8. Severity—adjusted mortalities and confidence intervals °l&3te] o)l A}EL e
Actual Expected Severity—adjusted Severity—adjusted Aseres] At féE AR
Hospital mortality %  mortality % mortality, % mortality 95% CI" AL S
A 5.161 7.652 6.557 1858~ 10.181 = ArddE ARk A
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Table 9. Distribution of W-score and Z-score by hospital WAkl X 2 }Mﬁ FZ i3k
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Table 10. Pearson correlation coefficients between W-
score, Z-score and severity—adjusted mortality (r)

Hospital W-score Z-score

W-score -

Z-score 0.9891 _
(0.002)

Adjusted mortality -0.9960 -0.9936
(0.001) (0.001)
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