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Objective The goal of this study was to compare the

prediction performance of two anatomic scales, the Injury

Severity Scale (ISS) and the New Injury Severity Scale

(NISS), with two physiologic scales, the Revised Trauma

Scale (RTS) and the Simplified Acute Physiology Scale II

(SAPS II), in trauma patients.

Design Prospective study carried out over a 16-month

period.

Setting Emergency department of a teaching hospital.

Patients Hospitalized victims of trauma up to 14 years

of age.

Interventions The primary endpoint was the survival

status at hospital discharge; the secondary outcome was

need for ICU admission. Model discrimination was

evaluated by the area under the receiver-operating

characteristic curve and model calibration was evaluated

using the Hosmer–Lemeshow goodness-of-fit statistic.

Measurements and main results A total of 1136 patients,

with an average age of 37.6 years, fulfilled the inclusion

criteria. The mortality rate was 4.5%. The combined rate

of hospital death and ICU admission was 17.3%. The ISS

and the NISS showed excellent discriminative power for

mortality prediction (AUC 0.94 and 0.93, respectively) and

ICU admission decision (0.91 and 0.89, respectively), and

a good calibration. The SAPS II and the RTS showed lower

discriminative power. Combining ISS or NISS with SAPS II

did not improve significantly the predictive performance

of each scale alone.

Conclusion Both ISS and NISS showed better predictive

severity performance compared with RTS and SAPS II in

trauma patients. The combination of anatomic scales with

physiologic ones did not improve the prediction

performance of each scale considered alone. European
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Introduction
Trauma is an ever-increasing health problem worldwide.

It is a major cause of mortality in the general population

and especially in young individuals [1–5]. The reported

mortality rates of severely injured patients range from 7

to 45% [5–9]. Many severity scales have been published

to classify trauma patients in emergency or ICUs. The

utility of these scores is far greater for research and

surveillance purposes than their clinical utility. One of

the main purposes of scoring systems in trauma is to be

able to describe the trauma population objectively so that

outcomes can be compared across centers and countries.

Their plethora indicates not only the need for such

instruments but also their shortcoming in fulfilling all

requirements [6]. Furthermore, most of them have been

developed and validated in countries that have their own

epidemiological and demographic specificities. Conse-

quently, before using any scoring system in different

settings, its validity has to be verified.

This prospective study tested the validity of four trauma

score systems: two anatomic scales, the Injury Severity

Scale (ISS) [10] and the New Injury Severity Scale

(NISS) [11], with two physiologic scales, the Revised

Trauma Scale (RTS) [12,13] and the Simplified Acute

Physiology Scale II (SAPS II) [14].

Patients and methods
Prospective data were collected on all trauma patients

consecutively admitted to the emergency department

(ED) of Monastir University Hospital (Tunisia) over a 16-

month period (November 2008 to February 2010). We

enrolled all patients presenting to the ED with blunt or

penetrating trauma injuries. We did not include patients

younger than 14 years of age, patients dead on arrival to

the ED, patients injured as a result of burns, and those

referred to another hospital. For each patient, we collected

demographic data, injury mechanism, preinjury American

Society of Anesthesia physical status classification [15],
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data required for scores calculation, intensive care admis-

sion need, length of hospital stay, and survival status at

hospital discharge. ICU admission was decided at the

discretion of the treating physician. It was defined as

direct admission to the ICU from the ED or intensive care

less than 24 h after hospital admission following surgery.

This study was approved by the Ethics Committee of our

institution, which waived patients’ written consent

because the study did not interfere with the patient’s

management. Baseline data and clinical course were

recorded at ED admission using a uniform data collection

sheet. All the data were prospectively collected by an

emergency physician or by a supervised resident in the

emergency medicine training program.

The Abbreviated Injury Scale (AIS) [10,11] was used to

define the severity of separate injuries. To compute the

ISS, each of six anatomical regions is scored with the

highest AIS using the square of the highest value of the

three most severely injured body regions. The total score

ranged from 1 to 75 [10]. The NISS is the sum of the

squares of the three highest AIS values irrespective of the

anatomic area, with a total score ranging from 1 to 75.

The RTS included three variables: the Glasgow Coma

Scale, respiratory rate, and systolic blood pressure.

A value from 0 to 4 is assigned for each variable. From

these three coded values, a score is generated, ranging

from 0 to 12, with lower scores representing increasing

severity [12,13]. Calculation of SAPS II is based on 12

routine physiologic measurements recorded during the

first 24 h after admission, previous health status, and

ongoing surgical status. It resulted in an integer point

score between 0 and 163 [14]. When feasible, some

patients were assessed independently by a second

emergency physician to judge interobserver agreement.

Statistical analysis

Continuous variables were reported as mean±SD (or 95%

confidence interval) or median and range when appro-

priate. Categorical data were expressed as frequency

distributions. Model discrimination was evaluated by the

area under the receiver-operating characteristic (ROC)

curve and model calibration was evaluated using the

Hosmer–Lemeshow goodness-of-fit statistic. The ROC

statistic is a general measure of the test’s power to

separate two mutually exclusive populations, in this

study, survivors and nonsurvivors. A value of 1 corre-

sponds to a model or test that perfectly separates two

populations. Values greater than 0.90 represent high

accuracy of discriminating between survivors and non-

survivors, and a range of 0.70–0.89 represents moderate

accuracy. A value of 0.50 indicates that the test has no

better discriminatory ability than chance. Comparison

between areas under ROC curves was carried out using

the z statistic according to methods of Hanley and

McNeil. Calibration of the models was assessed

by Lemeshow and Hosmer’s goodness-of-fit statistics.

The observed and expected number of deaths were

compared and evaluated statistically by formal goodness-

of-fit testing to determine whether the discrepancy was

acceptably small (P > 0.01). All statistical analyses were

carried out using SPSS version 13.0 (SPSS Inc., Chicago,

Illinois, USA). A P value of less than 0.05 was considered

significant.

Results
During the study period, 1136 patients fulfilled the

inclusion criteria. Patients’ demographics including age,

sex, previous health status, trauma characteristics, and

severity indices values are listed in Table 1. Trauma

mechanisms were essentially traffic accident (27.7%), fall

(24.8%), work-related accident (18.1%), domestic acci-

dent (16.3%), and violence (12.9%). Only 5.1% of

patients were admitted to the ED through the emergency

service facility. In this study, 191 (16.8%) patients

required ICU admission with a median length of stay of

12.4 days (range, 1–63 days). The median length of

hospital stay was 7.4 days (range, 1–116 days). Hospital

mortality rate was 4.5% (n = 51). Death was directly

related to the severity of injury in 24 cases. The other

causes of death were septic complications (n = 22),

iatrogenic complications (n = 3), and pulmonary embo-

lism (n = 2). The combined death and ICU admission

rate was 17.3%. Patients’ severity as assessed by the

different scales is summarized in Tables 2 and 3. With

respect to the mortality rate, ISS and NISS achieved the

highest values of area under ROC curves (0.94 and 0.93,

respectively), which were superior to those of SAPS II

and RTS (0.84 and 0.70, respectively, P < 0.05) (Fig. 1).

The ISS showed the best calibration for combined events

(w2 = 3.53, P = 0.47) (Table 2).The same trend of results

was found when these scales were assessed on their

ability to predict ICU admission, with area under ROC

curve values of 0.91 and 0.89, respectively, for ISS and

NISS versus 0.73 and 0.58, respectively, for SAPS II and

RTS (Table 3 and Fig. 2). The combination of anatomic

Table 1 Patients’ characteristics

Characteristics Value

Age [means (SD)] (years) 37.6 (20.4)
Sex

Male [n (%)] 901 (79.3)
ASA physical status

ASA I 936 (82.4)
ASA II 119 (10.5)
ASA Z III 81 (7.1)

Mechanism of trauma [n (%)]
Traffic accident 315 (27.7)
Fall 282 (24.8)
Domestic accident 186 (16.3)
Work-related accident 206 (18.1)
Violence 147 (12.9)

Length of stay [median (range)] (days) 7.4 (1–116)
ICU admission [n (%)] 191 (16.8)
Mortality [n (%)] 51 (4.5)

ASA, American Society of Anesthesia.
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scales with SAPS II did not improve the performance of

each scale considered separately (Tables 2 and 3).

Discussion
Trauma is currently one of the most major health

problems worldwide. It is the disease of the young and

the leading cause of death up to the age of 45 years [5–7].

In this prospective study, we evaluated the ability of the

most used severity scoring systems to predict hospital

mortality and need for ICU admission in adult, Tunisian

injured patients. Four scales were studied and compared:

two anatomic scales, the ISS and the NISS, and two

physiologic scales, the RTS and the SAPS II. Our results

showed that the ISS and the NISS had the best

discrimination power associated with a good calibration.

Combining the SAPS II scale with the ISS and the NISS

did not significantly improve their predictive perfor-

mance. On comparing the NISS and the ISS, we found

that both scores had similar predictive value.

Scoring systems that incorporate physiologic variables are

useful in predicting mortality in trauma patients; how-

ever, they seem to have lower accuracy than the

anatomic-based scoring ones. Bouillon et al. [5] compared

the ISS and the RTS scores in a population of 2136

German injured patients. They found a better predictive

value with the ISS (AUC = 0.96 vs. 0.95). However, some

Table 2 Performance of trauma severity indices in the prediction
of hospital death

Hosmer–Lemeshow

Median (range)
Area under ROC curve

(95% CI) w2 P

ISS 9 (1–75) 0.94 (0.92–0.96) 3.43 0.48
NISS 9 (1–75) 0.93 (0.90–0.96) 4.57 0.47
SAPS II 11 (8–73) 0.84 (0.79–0.91) 11.66 0.02
RTS 11 (4–12) 0.70 (0.61–0.79) 48.16 < 0.01
ISS + SAPS II 19 (9–148) 0.95 (0.93–0.97) 9.73 0.20
NISS + SAPS II 21 (9–148) 0.95 (0.92–0.98) 7.06 0.42

CI, confidence interval; ISS, Injury Severity Scale; NISS, New Injury Severity
Scale; ROC, receiver-operating characteristic; RTS, Revised Trauma Scale;
SAPS II, Simplified Acute Physiology Scale II.

Table 3 Performance of trauma severity indices in the prediction
of intensive care unit admission

Hosmer lemshow

Median (range)
Area under ROC
curve (95% CI) w2 P

ISS 9 (1–75) 0.91 (0.89–0.93) 3.53 0.47
NISS 9 (1–75) 0.89 (0.87–0.91) 31.26 < 0.01
SAPS II 11 (8–73) 0.73 (0.69–0.77) 42.32 < 0.01
RTS 11 (4–12) 0.58 (0.53–0.63) 603.17 < 0.01
ISS + SAPS II 19 (9–148) 0.88 (0.86–0.90) 31.80 < 0.01
NISS + SAPS II 21 (9–148) 0.87 (0.85–0.90) 10.64 0.15

CI, confidence interval; ISS, Injury Severity Scale; NISS, New Injury Severity
Scale; ROC, receiver-operating characteristic; RTS, Revised Trauma Scale;
SAPS II, Simplified Acute Physiology Scale II.

Fig. 1

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6

1 − specificity

S
en

si
tiv

ity

0.8 1.0

ISS
NISS
SAPS II
RTS
Idendity line

Receiver-operating characteristic (ROC) curves for the prediction
of intensive care unit admission for Injury Severity Scale (ISS)
(area under ROC curve = 0.94), New Injury Severity Scale (NISS)
(area under ROC curve = 0.93), Revised Trauma Scale (RTS)
(area under ROC curve = 0.70), Simplified Acute Physiology
Scale II (SAPS II) (area under ROC curve = 0.73), ISS + SAPS II
(area under ROC curve = 0.95), and NISS + SAPS II (area under ROC
curve = 0.95).
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Receiver-operating characteristic (ROC) curves for the prediction
of hospital mortality for Injury Severity Scale (ISS) (area under ROC
curve = 0.91), New Injury Severity Scale (NISS) (area under ROC
curve = 0.89), Revised Trauma Scale (RTS) (area under ROC
curve = 0.58), Simplified Acute Physiology Score II (SAPS II) (area
under ROC curve = 0.73), ISS + SAPS II (area under ROC
curve = 0.88), and NISS + SAPS II (area under ROC curve = 0.87).
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studies have reported better results for physiologic

scales [15–19]. This discordance between results can be

mainly attributed to differences in patients’ character-

istics. In fact, our patients’ characteristics were different

when compared with those of most published studies.

Patients with American Society of Anesthesia >II

represented only 17.6% of all our study population. Our

relatively lower mortality rate (4.5%) compared with

those reported by previous studies [5,7] indicated that

our patients probably had better previous health status

than in the other studies. In addition, road traffic

accidents were less frequent in our study group (27.7%)

compared with others [1,2,5,20]. The relatively better

outcome observed in our patients compared with those

reported by previous studies [5,7] indicated that our

patients were less severely injured and, as a consequence,

physiologic derangements would be less likely. This

would explain partly the superiority of anatomic scales

over physiologic ones in our study. Notably, physiologic

scales such as SAPS II, APACHE II, and MPM had the

best discriminative power when they were applied to the

most critically ill patients [21]. As physiologic scores were

less sensitive and less specific than anatomic ones, it is

not surprising that when combined, the sensitivity and

specificity decreased independent of the patient’s

characteristics. The Trauma and Injury Severity Score

that combined ISS and RTS is one example of this

nonsynergistic association as we found that RTS showed

the lowest performance. The combination of anatomic

scales with SAPS II did not improve prediction. In

addition, increasing mathematic complexity with mixed

scores would limit their clinical use in real practice.

In terms of the choice between the NISS and the ISS, we

should note that the results of available studies compar-

ing NISS and ISS with respect to mortality have been

contradictory. Several studies have found that equiva-

lence between both scores was mostly observed in

patients with low severity of injury [22–24], whereas in

patients with higher severity of injury, NISS was found to

be superior to ISS [25–27]. Our study findings support

this severity-dependent result.

Our study has limitations that should be noted. First, this

validation is performed on a single population and the

discrimination may not be suitable to other populations.

Second, we acknowledge that our patient population was

skewed to minor (ISS < 9) injuries. Indeed, many low-

severity trauma patients are directly referred from the

surrounding areas to our ED, where they received their

first assessment. This would explain partly the low rate of

patients with severe trauma in the present study. A more

reasonable comparison would be to compare those in the

more severely injured category (e.g. ISS > 9 or >15)

and then compare physiologic and anatomic scales.

Unfortunately, the number of such patients was reduced

and would not allow such an analysis. Third, functional

disability, as a result of trauma, is important in outcome

prediction for active individuals. However, we did not

assess this criterion in our study. Finally, although many of

these scales have limited utility to modify or define patient

care in the acute setting such as triage, most of them could

be useful to understand variations in outcomes between

different centers and countries [28–30].

Conclusion

Our study represents a new contribution toward the

validation process of the currently available trauma

severity scores outside Europe and North America. We

showed the superiority of ISS and NISS over physiologic

scales, that is, SAPS II and RTS scores. We also showed

that the combination of anatomic with physiologic scales

did not improve the prediction performance. This

external validation study would provide the possibility

of performing outcome comparisons with other centers

and develop quality improvement strategies.
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