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The natural logarithm transforms the abbreviated injury scale
and improves accuracy scoring

Dogal logaritma dogruluk skorlamasini iyilestiren kisaltilmis yaralanma 6lgegini
doniistiirmektedir

Xu WANG,' Xiaoming GU,? Zhiliang ZHANG,® Fang QIU,' Keming ZHANG'

BACKGROUND

The Injury Severity Score (ISS) and the New Injury Se-
verity Score (NISS) are widely used for anatomic sever-
ity assessments, but they do not display a linear relation
to mortality. The mortality rates are significantly different
between pairs of the Abbreviated Injury Scale (AIS) triplets
that generate the same ISS/NISS total.

METHODS

The Logarithm Injury Severity Score (LISS) is defined as
a change in AIS values by raising each AIS severity score
(1-6) by taking the natural logarithm to a power of 5.53
multiplied by 1.7987 and then adding the three most severe
injuries (i.e. highest AIS), regardless of body region. LISS
values were calculated for every patient in three large inde-
pendent data sets: 3,784, 4,436, and 4,018 patients treated
over a six-year period at Class A tertiary comprehensive
hospitals in China. The power of LISS to predict morality
was then compared with previously calculated NISS values
for the same patients in each of the three data sets.

RESULTS

We found that LISS is more predictive of survival as
well (Hangzhou: receiver operating characteristic (ROC):
NISS=0.931, LISS=0.949, p=0.006; Similarly, Zhejiang
and Shenyang: ROC NISS vs. LISS, p<0.05). Moreover,
LISS provides a better fit throughout its entire range of
predicting (Hosmer-Lemeshow statistic for Hangzhou
NISS=15.76, p=0.027; LISS=13.79, p=0.055; Similarly,
for Zhejiang and Shenyang).

CONCLUSION

LISS should be used as the standard summary measure of
human trauma.

Key Words: Prediction of mortality; Abbreviated Injury Scale;
Injury Severity Score; New Injury Severity Score; Logarithm
Injury Severity Score; LISS.

AMAC

Yaralanma siddet derecesi skoru (ISS) ve yeni yaralanma
siddet derecesi skoru (NISS) anatomik siddet derecesinin
degerlendirmelerinde yaygin bi¢imde kullanilmakla bir-
likte mortaliteyle bir dogrusal iliski gdstermemektedirler.
Ayni ISS/NISS toplamini olusturan kisaltilmis yaralanma
Olcegi (AIS) iiclemeleri arasinda yapilan ikili karsilastima-
larda 6lim oranlart anlamli derecede farklidir.

GEREC VE YONTEM

Viicudun hangi bdlgesinde olusacaklarina bakilmaksizin en
siddetli iic AIS yaralanmasinin dogal logaritmasinin iissii-
ne yukseltilen 1.7987 ile 5.53’{in garpimi yaralanma siddet
derecesi skoru logaritmasi (LISS) olarak tanimlanmaktadir.
Cin’de Hangzhou Universitesine bagli birinci sinif kapsamli
hastanenin {i¢ kademesinde alt1 y1llik dénem boyunca teda-
vi edilen 3.784 hastalik genis bir veri setinde her hasta i¢in
LISS degerleri hesaplandi. Her bir veri setinde mortaliteyi
ongdren LISS’nin istatistiksel gilicli ayn1 hastalar i¢in 6nce-
den hesaplanmis NISS degerleriyle karsilastirildi.

BULGULAR

LISS’in sagkalimi daha iyi 6ngordiigiinii saptadik (Hang-
zhou: Algilayict Isletim Egrisi (ROC): NISS=0,931,
LISS=0,949, p=0,006). Benzer sekilde Zhejiang ve Shen-
yang: ROC NISS ve LISS, p<0.05). Ayrica, LISS tiim
Oongorii erimi boyunca daha iyi bir uyum saglamaktadir
(Hangzhou: Hosmer Lemeshow istatistigi: NISS=15,76,
p=0,027; LISS=13,79, p=0,055; benzer sekilde Zhejiang
ve Shenyang).

SONUC¢
LISS, insan travmasinin standart 6l¢iimii olmalidir.
Anahtar Sozciikler: Mortalitenin 6ngériimii; Kisaltilmig Yara-

lanma Olcegi; Yaralanma Siddet Derecesi Skoru; Yeni Yaralanma
Siddet Derecesi Skoru; Yaralanma Siddet Derecesi Skorunun Lo-

garitmast; LISS.
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In 1971, the Committee on Automotive Safety pub-
lished the Abbreviated Injury Scale (AIS).[ It was re-
vised, expanded and improved repeatedly. The latest
was the 2005 edition, update 2008.7 Tt is an anatomi-
cally based, global severity scoring system that clas-
sifies each injury in every body region according to
its relative importance on a 6-point ordinal scale from
1 (minor injury) to 6 (currently untreatable). The AIS
severity score performs well as a measure of mortality,
but that mortality is not the sole determinant of AIS
severity. As AIS increased, variability in the survival
also increased.”

Although the AIS provided a rudimentary diction-
ary of possible injuries, it failed to provide a mecha-
nism to summarize a single patient’s multiple injures
into a single score. This step was taken by Baker et
al.* in 1974 with the creation of the Injury Severity
Score (ISS). The score is the summation of the squares
of the severity digit in the AIS of the most severe in-
juries, in three of six predefined body regions. An AIS
code with a severity of 6 anywhere in the body auto-
matically increases the ISS to 75.

The ISS has been considered the “gold standard”
among anatomic injury severity indicators. It is used
to describe trauma populations, to evaluate the quality
of trauma care, and to control for case mix in trauma
research. The ISS is based on AIS severity values,
which are assigned from the patient’s hospital files
at discharge. The ISS reflects deterioration in patient
status after trauma but does not discriminate between
deterioration secondary to the natural history of the
injury and in-hospital care. Therefore, it may not be a
valid instrument for evaluating the quality of trauma
care. The ISS has an idiosyncrasy that both impairs its
predictive power and complicates its calculation.

Perhaps the most important drawback of the ISS
cannot be addressed with statistical techniques: the
ISS only considers one injury in each body region.
This leads to injuries being overlooked and to less se-
vere injuries occurring in other body regions being in-
cluded in the calculation over more serious ones in the
same body region. A simple modification to the ISS,
the New Injury Severity Score (NISS), was designed
by Osler et al.®! in 1997 to counter this problem. The
NISS is simply the sum of squares of the three most
severe injuries, regardless of body region injured.

Many articles comparing the NISS to the ISS in
terms of mortality can be found in the literature. Most
of the studies have observed better discrimination and
calibration for the NISS,* and some studies have
observed better calibration but equivalent discrimina-
tion.['%"] In addition, a few studies have noted no ad-
vantage of the NISS.['213]

The ISS/NISS have an idiosyncrasy that impairs
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their predictive power. The International Classifica-
tion of Disease-Based Severity Score (ICISS) was also
discovered to be nonlinear in this group of patients,
but was found to be relatively monotonic in terms of
its association with mortality. The ICISS has proven
to be a better predictor of survival than the ISS, and
could be used in place of the ISS/NISS.!'*!31 The pres-
ent findings may help to shed some light on the statis-
tical advantage of the ICISS over the ISS/NSS.

Some studies!'!® found that the mortality asso-
ciated with AIS severity combinations that produce
identical ISS/NISS is different. ISS/NISS scores with
a higher AIS value significantly increased the risk of
mortality. they serve to identify specific areas in which
the ability to predict survival may be flawed, yet previ-
ously not acknowledged. From the above studies, we
can guess that higher AIS values contribute more to
mortality, and the square of the AIS value cannot be
solved according to NISS/ISS scoring rule, which can-
not increase the value intervals of AIS.

We therefore tested a simple transformation of the
AIS value, a score that we call the natural Logarithm
Injury Severity Score (LISS). The LISS is equal to:
(In A ) x 1.7987 + (In A))*> x 1.7987 + (In A,)** x
1.7987, where “In” indicates natural logarithm. A , A ,
and A, are the three most severe AIS codes, indicat-
ing a patient’s three most severe injuries, regardless of
body region.

This study aimed to investigate whether the LISS
statistically outperforms the NISS in predicting in-
hospital mortality in three populations of 3,784,
4,436, and 4,018 trauma patients seen in Class A ter-
tiary comprehensive -hospitals: Affiliated Hospital of
Hangzhou Normal University, Hangzhou; Zhejiang
Provincial People’s Hospital, Zhejiang; and Fengtian
Hospital Affiliated with Shenyang Medical College,
Shenyang, China, respectively, between January 2006
and December 2011. In addition, the study sought to
examine whether the mortality associated with AIS
severity combinations that produced identical ISSs is
different.

MATERIALS AND METHODS

This retrospective cohort study reviewed data from
three hospitals in Hangzhou, Zhejiang, and Shenyang,
respectively. The trauma registry contains data for
three totals of 10,625, 16,486, and 12,960 patients
hospitalized as a result of trauma. The information
collected included demographic data, details on the
injury, utilization of hospital services, and outcome.
Patients with isolated minor or moderate injuries (AIS
1 and 2) to a single body region, deaths on arrival and
patients less than 15 years of age were excluded from
the study. The study population therefore comprised
3,784, 4,436, and 4,018 patients, respectively. These
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Table 1. Natural logarithm transforms AIS codes

AIS codes In (A) (B)*33 (C) x 1.7987 Accurate to
(A) (B) (©) (D) a decimal places (E)
1 0.0000 0.000 0.00 0.0
2 0.6931 0.132 0.24 0.2
3 1.0986 1.682 3.03 3.0
4 1.3863 6.088 10.95 11.0
5 1.6094 13.897 25.00 25.0
6 1.7918 25.156 45.26 75.0¢

In: Natural logarithm; * AIS code is 6, LISS value of automatic promotion for 75.

data sets enabled us to test the performance of NISS
and LISS. NISS was computed according to Osler
et al.’! LISS was computed as: AIS (2005 revision)
codes taking the natural logarithm to a power of 5.53
multiplied by 1.7987 and then adding the three most
severe (i.e. highest AIS) injuries, regardless of body
region. LISS value is the sum of three round num-
bers in the E column (Table 1) after transforming AIS
codes (Mathematical expression: LISS = (In A )*% x
1.7987 + (In A,)>** x 1.7987 + (In A,)>** x 1.7987. “In”
indicates natural logarithm. A , A , and A, are the three
most severe AIS codes). By way of example, a patient
has 5 injuries as follows: Head AIS 5 and 2, Chest
AIS 4, Abdomen AIS 2 and Lower Extremities AIS 3.

The three highest AIS codes are 5, 4 and 3. Therefore,
LISS =(In 5)>% x1.7987 + (In 4)>3 x1.7987 + (In 3)>3
x1.7987 =25+ 11 + 3 = 39, while NISS = 52 + 42 + 32
=25+16+9=50.

Comparisons between NISS and LISS were made
using misclassification rates, receiver operating char-
acteristic (ROC) curve analysis, and the Hosmer-Lem-
eshow (H-L) goodness of fit statistics by univariate
and multivariate logistic regression model. Misclas-
sification rates were defined as the sum of false-posi-
tives and false-negatives divided by the total number
of cases. The area under the ROC curve was used to
test sensitivity and specificity. The larger the area, the
better the efficiency. The H-L statistic is a measure of

Table 2. Description of three study populations

Data group Hangzhou Zhejiang Shenyang
All patients 3784 4436 4018
Deaths (%) 235 (6.2) 239 (5.4) 254 (6.3)
Sex (male, %) 2809 (74.2) 3030 (68.3) 2860 (71.2)
AIS of worst injury, n (%)
3 2437 (64.4) 2890 (65.1) 2596 (64.6)
4 937 (24.8) 1187 (26.8) 1016 (25.3)
5-6 410 (10.9) 359 (8.1) 406 (10.1)
Blunt injury 3520 (93.0) 4137 (93.3) 3741 (93.1)
Mechanism, n (%)
Motor vehicle collision 1594 (42.1) 1564 (35.3) 1492 (37.1)
Accidental injury 1015 (26.8) 1558 (35.1) 835 (20.8)
Fall 548 (14.5) 832 (18.8) 1119 (27.8)
Violence 320 (8.5) 131 (2.9) 300 (7.5)
Sharp instruments 145 (3.8) 292 (6.6) 125 (3.1)
Other 162 (4.3) 59 (1.3) 147 (3.7)
Body region of worst injury, n (%)
Head 1872 (49.5) 1958 (44.1) 1928 (48.0)
Face 303 (8.0) 194 (4.4) 263 (6.5)
Neck 49 (1.3) 65 (1.5) 55(1.4)
Thorax 975 (25.8) 783 (17.7) 932 (23.2)
Abdomen and pelvic cavity 506 (13.4) 364 (8.2) 415 (10.3)
Spine 302 (8.0) 512 (11.5) 356 (8.9)
Upper limb 398 (10.5) 471 (10.6) 450 (11.2)
Lower limbs and pelvis 1400 (37.0) 1699 (38.3) 1429 (35.6)
External (Skin) and others 708 (18.7) 311 (7.0) 636 (15.8)
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Table 3. Distribution of NISS and LISS categories in three data sets

NISS LISS
1-8 9-15 16-24 25-40 41-54 55-75 Total
Hangzhou
9-15 1541 0 0 0 0 0 1541
16-24 792 251 0 0 0 1043
25-40 0 454 214 119 0 0 787
41-54 0 0 279 9 0 288
55-75 0 0 0 50 75 125
Total 2333 705 214 398 59 75 3784
Zhejiang
9-15 1976 0 0 0 0 0 1976
16-24 745 631 0 0 0 0 1376
25-40 0 440 216 93 0 0 749
41-54 0 0 0 218 16 0 234
55-75 0 0 0 0 38 63 101
Total 2721 1071 216 311 54 63 4436
Shenyang
9-15 1642 0 0 0 0 0 1642
16-24 835 363 0 0 0 0 1198
25-40 0 441 227 121 0 0 789
41-54 0 0 0 256 14 0 270
55-75 0 0 0 0 62 57 119
Total 2477 804 227 377 76 57 4018

the degree of calibration of a model. The result is eval-
uated by a Chi-square test. The smaller the values, the
greater the correspondent rate. Data were statistically
compared by Pearson’s Chi-square test for categori-
cal variables and Two-Related-Sample Wilcoxon one-
sample test or Two-Independent-Sample Mann-Whit-
ney U test for continuous variance. Statistical analyses
were performed using the Statistical Package for the
Social Sciences (SPSS) 13.0 for Windows. A p value
of <0.05 was considered statistically significant. The
study was approved by the institutional review board
of Hangzhou Normal University.

RESULTS

A description of the study population is presented
in Table 2. The patients’ average age was (44.9+£18.6)
years, (50.6+£19.6) years, and (46.9+19.2) years in
Hangzhou, Zhejiang, and Shenyang, respectively; ap-
proximately 93% of patients were bluntly injured. Ap-
proximately 94% survived to hospital discharge. The
most frequently injured body regions were the head
and extremities. The majority of patients were injured
in motor vehicle collisions or due to accidental inju-
ries or falls. The most frequent AIS code was 3 (ap-
proximately 64%).

The majority of patients (approximately 98%) had
LISS values that were lower than NISS values. The
LISS values of a few patients were equal to the corre-

486

sponding NISS values. This result is expected, because
all AISs values were 5 or 6. In divergent observations,
the difference between LISS and NISS values ranged
from 1 to 18, with a median of 10.6, 9.7, and 10.5 in
Hangzhou, Zhejiang, and Shenyang, respectively. The
median NISS and LISS values were 21.5, 19.3, and
20.9 and 10.9, 9.6, and 10.4, respectively.

Table 3 shows the proportion of patients whose
injury severity category changed when the NISS was
applied over the LISS. Where approximately 5% of
patients had diverging values on a continuous scale,
approximately 95% changed severity category when
the LISS was applied. Overall, 2,335 (61.7%), 3,079
(69.4%), and 2,550 (63.5%) patients moved one cat-
egory and 1,246 (32.9%), 1,185 (26.7%), and 1,276
(31.8%) patients moved two categories in Hangzhou,
Zhejiang, and Shenyang, respectively.

When we examine the data set graphically, we see
that the LISS better separates survivors from non-
survivors. This impression is confirmed by the dou-
bling of the separation of the median values for sur-
vivors and fatalities by LISS over NISS in both data
sets (LISS median fatalities - LISS median survivors
=31.0, 29.8, and 29.7; NISS median fatalities - NISS
median survivors = 28.3, 27.9, and 27.6 in Hangzhou,
Zhejiang, and Shenyang, respectively) (Fig. 1).

The NISS and LISS were different in approxi-
mately 95% of the incidents. Fig. 2 show graphs of
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Fig. 1. Hangzhou, Zhejiang, and Shenyang data set frequency distributions for survivors and non-survivors as coded by
NISS (a) and LISS (b). Arrows indicate median values, while they are twice as widely separated by LISS. Solid
curve and arrow = survivors, dashed line and arrow = Non-survivors.

the NISS and LISS against actual mortality. It is seen
that, although the lines are generally increasing, the
NISS scores are very choppy and have nonmonotonic
qualities. NISS graphs show a nonlinear trend, con-
firming earlier research. A great number of NISS mor-
tality rates were distributed to the right of the auxiliary
line. LISS mortality rates were uniformly distributed
at two-sided auxiliary line.

A formal statistical analysis confirms the superior
predictive power of LISS over NISS. A great number
of measures examined were statistically significantly
better for LISS than for NISS: ROC curve areas, H-L
statistics, and mean values (Table 4). Only the mis-
classification rate was not statistically significantly
improved under LISS.

DISCUSSION

The AIS severity score performs well as a measure
of mortality, but that mortality is not the sole determi-
nant of AIS severity. As AIS increased, variability in
the survival also increased. This reflects the fact that

when looking at mortality, there is such low mortality
for all of the AIS 1 and 2 injuries that virtually no vari-
ability exists. Understandably, because factors other
than mortality are involved in the AIS values, more
complex injuries have wider variability.’! Therefore
this study ignores those patients who have injuries
with an AIS severity of 1 and/or 2. Data analyzed from
181,707 patients from the National Trauma Data Base
(NTDB)™ who sustained only a single injury. There
was a superb, but non-linear correlation between AIS
severity and survival (and mortality). The data fit a
quadratic function nearly perfectly. The mortalities for
the patients with one injury of AIS severity in ordinal
scale of 3, 4, 5, and 6 were 3.5%, 14.6%, 39.6%, and
79.0%, respectively. Their corresponding proportions
were approximately 1: 4.2 (14.6% divided by 3.5%):
11.3: 22.6. How can we transform the relation from a
quadratic function into a more intuitive linear func-
tion?

There are a variety of scoring methods. The ISS’s
ability to consider as many as three different injuries
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Fig. 2. Hangzhou, Zhejiang, and Shenyang mortality rates for different NISS (a) and LISS (b) values. Solid curve =

NISS (a) and LISS (b). Dashed line is auxiliary line.
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Table 4. Comparison of NISS and LISS in predicting mortality in three data sets

NISS LISS @ P
Hangzhou
Misclassification (%) 4.18 3.91 0.551
ROC 0.931 0.949 0.006
ROC 95%CI 0.918-0.944 0.938-0.959

Hosmer-Lemeshow

Zhejiang
Misclassification (%) 4.26
ROC 0.911
ROC 95%CI 0.890-0.931

Hosmer-Lemeshow

Shenyang
Misclassification (%) 4.8
ROC 0.918
ROC 95%CI 0.904-0.932

Hosmer-Lemeshow

15.76 (p=0.027)

22.70 (p=0.001)

28.97 (p<0.001)

13.79 (p=0.055)

4.06 0.637
0.935 0.019
0.921-0.953
18.43 (p=0.005)
435 0.334
0.936 0.014
0.921-0.953

17.45 (p=0.008)

2 p<0.001, Two-related-samples of the nonparametric Wilcoxon one-sample test, Comparison between LISS and NISS.
CI: Confidence interval; ROC: Receiver operating characteristic.

in its final outcome score represented a considerable
advance over the earlier practice of summarizing a pa-
tient’s injuries based on the single worst injury (maxi-
mum AIS), and today’s modern trauma data bases rou-
tinely record all of the injuries sustained by a patient.
It seemed likely to us that a more modern summary
measure of trauma that could take advantage of this
richer description of patients’ injuries would more ac-
curately predict outcome than the original ISS. NISS,
by contrast, simply considers the three most severe in-
juries sustained by a patient and thus avoids this short-
coming of the traditional ISS. Many articles can be
found in the literature that have compared the NISS
favorably to the ISS in predictive mortality, so the
research in this article will only compare LISS with
NISS, and not ISS.

However, the ISS/NISS have an idiosyncrasy that
impairs their predictive power. The ISS/NISS values
for the patients with one injury of AIS severity in ordi-
nal scale are 3,4, 5,and 6 in 9, 16, 25, and 75, respec-
tively. Their corresponding proportions approximately
are 1: 1.8 (16 divided by 9): 2.8: 8.6. Comparisons of
the corresponding proportions between AIS and ISS/
NISS were made using 1 divided by 1 is equal to 1,
4.2/1.8 =2.3, 11.3/2.8 = 4.0, and 22.6/8.6 = 2.7, re-
spectively. Difference was at least one time more than
if based on AIS 3. They showed that there are serious
flaws in the ISS/NISS scoring.

There are many articles in the literature that de-
scribe the practical and statistical limitations of the
ISS. Although the ISS is scaled from 1 to 75, it actual-
ly takes just 44 distinct values, and these values are not
uniformly distributed. Statistical comparisons of the
44 1SS values are scaled from 1 to 75, p=0.015. Be-
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cause of this, some have suggested that the ISS should
not be treated as a continuous measure but rather as
an ordinal scale, which is mathematically correct, if
thoroughly ignored.!'”’ Although LISS actually takes
just 19 distinct values, these values are uniformly dis-
tributed (p=0.130). The LISS values for the patients
with one injury of AIS severity in ordinal scale are 3,
4,5, and 6 in 3, 11, 25, and 75, respectively. Their
corresponding proportions are approximately 1: 3.7
(11 divided by 3): 8.3: 25.0. Their proportions roughly
equal the mortality of each AIS code.

Some studies showed the differences for non-
unique values of the ISS and NISS, respectively.
The AIS triplets that produce identical ISS and NISS
scores have markedly different mortality rates.!'!8)
Because our study patients were too few in number,
we borrowed the data of Kilgo et al.l'”! to carry out
the analysis. For instance, an ISS of 27 is possible in
two groups of patients where (5, 1, 1) had a 35.25%
mortality rate in comparison with 11.31% in (3, 3, 3),
representing a 23.94% difference in mortality, even
though their ISS scores are identical. The LISS adjusts
its (5, 1, 1) mortality rate to 35.25% x (3 +3 +3)/
(25 + 0+ 0) = 12.69%, and comparing mortality rates
AIS triplets (5, 1, 1) and AIS triplets (3, 3, 3) again,
p=0.0693. Similarly, several ISS values coming from
different traumas lead to a change in the statistical sig-
nificance of mortality. However, LISS lessens signifi-
cant differences in mortality rates compared to the AIS
triplets, which produce identical scores.

The LISS prediction of mortality is based solely on
the anatomic information specified by a patient’s AIS
injury descriptors. We believe that part of the value
of an injury summary score is that it can be calculat-
ed by clinicians. The popularity of the ISS/NISS has
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stemmed in some measure from its ease of computa-
tion. LISS inherits and extends this advantage, relying
as it does on the AIS severities for each injury. This is
a retrospective, non-concurrent cohort study that com-
pares LISS with NISS values calculated at the time of
discharge. A concurrent cohort study would presum-
ably yield identical results, but would be of interest to
further verify our results.

This study applies natural logarithm transforma-
tions of AIS severity that increase the gap between
AIS values, although it appears to do this by collaps-
ing the minor end of the AIS scale to zero, while the
distribution provides better statistical characteristics.
It shows a more accurate prediction of the prognosis,
and displays a linear relation to mortality. The data fit
a straight line nearly perfectly! Although the calcula-
tion of LISS is itself so complicated that a computer is
required, the result is simple. This corresponds to the
basic principles of the scoring system: that it is simple
and easy to remember. Meanwhile, LISS is better in
predicting outcome and it should replace the NISS and
the ISS.
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