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ARTICLE INFO ABSTRACT

Background: The establishment of an accurate prognostic model in major trauma patients is important
mainly because this group of patients will benefit the most. Clinical prediction models must be validated
internally and externally on a regular basis to ensure the prediction is accurate and current. This study
aims to externally validate two prediction models, the Trauma and Injury Severity Score model developed
using the Major Trauma Outcome Study in North America (MTOS-TRISS model), and the NTrD-TRISS
model, which is a refined MTOS-TRISS model with coefficients derived from the Malaysian National
Trauma Database (NTrD), by regarding mortality as the outcome measurement.

Method: This retrospective study included patients with major trauma injuries reported to a trauma
centre of Hospital Sultanah Aminah over a 6-year period from 2011 and 2017. Model validation was
examined using the measures of discrimination and calibration. Discrimination was assessed using the
area under the receiver operating characteristic curve (AUC) and 95% confidence interval (CI). The
Hosmer-Lemeshow (H-L) goodness-of-fit test was used to examine calibration capabilities. The
predictive validity of both MTOS-TRISS and NTrD-TRISS models were further evaluated by incorporating
parameters such as the New Injury Severity Scale and the Injury Severity Score.

Results: Total patients of 3788 (3434 blunt and 354 penetrating injuries) with average age of 37 years
(standard deviation of 16 years) were included in this study. All MTOS-TRISS and NTrD-TRISS models
examined in this study showed adequate discriminative ability with AUCs ranged from 0.86 to 0.89 for
patients with blunt trauma mechanism and 0.89 to 0.99 for patients with penetrating trauma
mechanism. The H-L goodness-of-fit test indicated the NTrD-TRISS model calibrated as good as the
MTOS-TRISS model for patients with blunt trauma mechanism.

Conclusion: For patients with blunt trauma mechanism, both the MTOS-TRISS and NTrD-TRISS models
showed good discrimination and calibration performances. Discrimination performance for the NTrD-
TRISS model was revealed to be as good as the MTOS-TRISS model specifically for patients with
penetrating trauma mechanism. Overall, this validation study has ascertained the discrimination and
calibration performances of the NTrD-TRISS model to be as good as the MTOS-TRISS model particularly
for patients with blunt trauma mechanism.
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Introduction

Development of a statistical model to predict the presence of
disease and outcome occurrences of patients is a common practice
in clinical research [1-3]. Generally, these models are developed
using a multivariate regression approach, which resulting in a final
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equation for prediction purpose. Recent publications emphasised
on the utilisation of three fundamental components in research
involving prediction model, namely model development, external
validation and impact evaluation [2-19]. Model development is the
process that leads to the establishment of final prediction equation.
External validation uses external data (not included in the model
development) to further examine whether the model’s prediction
is reliable. Impact study evaluates whether the implementation of
a prediction model in clinical practice actually improves the
outcomes of patients [20].

In 1970, the Medical Aspect of Automotive Safety Committee
coordinated the Abbreviated Injury Scale (AIS) [21,22]. The injury
Severity Score (ISS) was calculated by summing up the squares of
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the three highest AIS scores for injuries to different body regions
[23,24]. The New Injury Severity Scale (NISS) was computed by
summing up the patient’s three largest AIS values irrespective of
body region [25]. The initial Trauma and Injury Severity Score
(MTOS-TRISS) was derived from both the anatomic and physiologic
parameters from a population in North America [26-28]. In 2016,
the coefficients of MTOS-TRISS model were refined with mortality
as the outcome measurement by utilising five-year data from the
National Trauma Database (NTrD) in Malaysia (called NTrD-TRISS
model) [29].

The NTrD-TRISS model is regarded as the first in the South East
Asian region to report local data-driven coefficients. In addition, a
significant improvement in discriminant properties has been
revealed for the NTrD-TRISS model in comparison to the MTOS-
TRISS model. Given the complex computational nature of ISS, the
MTOS-TRISS and NTrD-TRISS models by incorporating NISS as one of
the parameters have been recommended for practical usage [29].

In practice, a shortage of external validation studies was
primarily due to lack of data available besides those data used for
model development. In addition, it has increasingly been
recognised that the predictive performance of the final prediction
equation tends to vary across settings, populations and periods
[14,30-32]. Hence, formal assessment for heterogeneity in model
performance across populations, settings, and periods was rarely
conducted.

Therefore, the primary objective of this study was to externally
validate the predictive validity of the MTOS-TRISS and NTrD-TRISS
models with mortality as the outcome measurement by using data
from a trauma centre of Hospital Sultanah Aminah located in the
southern part of Malaysia. In addition, this study aimed to further
evaluate the predictive validity of both MTOS-TRISS and NTrD-
TRISS models by incorporating NISS and ISS.

Methods
Study population

The data included in this retrospective study was collected
prospectively from patients aged 16 years and above, with ISS
greater than 15, and admitted to the trauma centre of Hospital
Sultanah Aminabh, located in the southern part of Malaysia, from
2011 to 2017. Trained trauma nurses collected patients’ informa-
tion, this information was further verified by trauma surgeons
prior to data analysis. Data was complete for all predictors required
to calculate MTOS-TRISS and NTrD-TRISS models. This study was
approved by the Malaysian Research Ethics Committee (NMRR-17-
1744-36885) and the Swinburne University Human Research
Ethics Committee (SHR 2017/297).

MTOS-TRISS versus NTrD-TRISS models

The MTOS-TRISS model was initially developed with mortality as
the outcome measurement based on the MTOS in North Americaand
it has globally been accepted as an effective assessment tool for more
than 20 years [26-28]. It is a logistic regression model of survival
probability, which takes account of age, physiological derangement
using the Revised Trauma Score (RTS)[33 ] and anatomical severity of
injury using ISS plus mechanism of injury [34,35].

The predictive validity of both MTOS-TRISS and NTrD-TRISS
models with mortality as the outcome measurement was previously
evaluated by incorporating NISS and ISS as parameters in the models
[29]. MTOS-TRISS and NTrD-TRISS models can be calculated based on
coefficients summarised in Table 1. Subsequently, the survival
probability for these models can be computed as Ps=1/(1+e ). Prior
to the computation of the models, the parameters RTS, ISS, NISS,
respiratory rate (RR), systolic blood pressure (SBP) and Glasgow

Table 1
Details in calculating survival probability for MTOS-TRISS and NTrD-TRISS models.

Blunt trauma mechanism
bumros-Triss-1ss = (—1.2470) + (0.9544)*(RTS) + (—0.0768)*(ISS) + (—1.9052)*

(Agelndex)

bumros-Triss-Niss = (—1.2470) + (0.9544)*(RTS) + (—0.0768)*(NISS) + (—1.9052)*
(Agelndex)

bnrrp-tRISs-1ss = (—3.6763) + (—0.0148)*(ISS) + (—1.1413)*(Agelndex) + (0.2431)*
(RR) +

(0.8061)(SBP) + (0.6165)*(GCS)

brrip-TRiss-iss = (—3.6167) + (—0.0160)*(NISS) + (—1.1358)*(Agelndex) +
(0.2671)*(RR) +
(0.8206)*(SBP) + (0.6071)*(GCS)

Penetrating trauma mechanism

bumros-triss-iss = (—0.6029) + (1.1430)*(RTS) + (—0.1516)*(ISS) + (—2.6676)*
(Agelndex)

bumros-Triss-niss = (—0.6029) + (1.1430)*(RTS) + (—0.1516)*(NISS) + (—2.6676)*
(Agelndex)

bnTrp-tRISS- 155 = (—3.6763) + (—0.0148)*(ISS) + (—1.1413)*(Agelndex) + (0.2431)*
(RR) +
(0.8061)*(SBP) + (0.6165)*(GCS)

bnTrp-tRISS-NISs = (—3.6167) + (—0.0160)*(NISS) + (—1.1358)*(Agelndex) +
(0.2671)*(RR) +
(0.8206)*(SBP) + (0.6071)*(GCS)

Agelndex =Patient’s Age Index (0=15-54 years, 1=55 years and above); SBP=
Systolic Blood Pressure; GCS=Glasgow Coma Score; ISS=Injury Severity Score;
NISS=New Severity Injury Scale; RR=Respiratory Rate; RTS=Revised Trauma
Score; TRISS =Trauma and Injury Severity Score; MTOS = Major Trauma Outcome
Study; NTrD =National Trauma Database;

The formulae for bMTOS-TRISS-ISS and bMTOS-TRISS-NISS were sourced from
Champion et al. [26], Boyd et al. [27] and Champion et al. [28].

The formulae for bNTrD-TRISS-ISS and bNTrD-TRISS-NISS were sourced from Chen
et al. [29].

Coma Scale (GCS) are converted to a scoreranges from 0 to 4 (Table 2).
If the patient’s age is between 15 to 54 years, then, the parameter
Agelndex is coded as 0. Otherwise, the parameter Agelndex is coded
as 1 for patient aged 55 years and above.

Statistical analysis

Validation was examined using the measures of discrimination and
calibration [36]. Discrimination was assessed using the area under the
receiver operating characteristic curve (AUC) and 95% confidence
interval (CI). By convention, an AUC < 0.5 is regarded to represent a
non-discriminative model, whereas an AUC> 0.8 is considered to
represent adequate discriminative ability by the model.

On the other hand, calibration was examined using the Hosmer-
Lemeshow (H-L) goodness-of-fit test, which tests the null
hypothesis that the model’s estimates fit the observed data. In
theory, The H-L test is a chi-square test conducted by sorting the n

Table 2
Conversion of parameters in MTOS-TRISS and NTrD-TRISS models from original
value to a score between 0 and 4.

Parameter Value Score
Respiratory rate (breaths/min) 10-29 4
[RR] >29 3
6-9 2
1-5 1
0 0
Systolic blood pressure (mmHg) > 89 4
[SBP] 76-89 3
50-75 2
1-49 1
0 0
Glasgow Coma Scale 13-15 4
[GCS] 9-12 3
6-8 2
4-5 1
3 0
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records in the dataset by estimated probability of success dividing
the sorted set into g equal-sized groups, and evaluating the H-L
statistic [37]. Since the power increases with sample size,
therefore, it can be undesirable for the H-L goodness-of-fit tests
because in very large dataset, small departures from the proposed
model will be considered significant. In order to achieve a reliable
estimate, it is desirable for g to fulfil the following conditions: 1)
g <n/5 (at least 5 observations per group); 2) g > 6 in order for the
H-L statistic to be distributed approximately as chi-square with (g-
2) degree of freedom; 3) chi-square approximation fails when the
event rate is small and g is large. Therefore, the value of g was
calculated based on the following equation where n denotes
sample size [37].

n o\2
£=2+8(550)

A p-value is computed based on a chi-square distribution, to
test the fit of the prognostic model. The H-L goodness-of-fit test
was applied directly to the original predictive formulae summar-
ised in Table 1. If the p-value of H-L goodness-of-fit test is larger
than 0.05, then, we would fail to reject the null hypothesis. A p-
value of less than 0.05 (two-sided) was deemed to be statistically
significant. All statistical analyses were performed using STATA
Intercool version 13 (Stata Corp, College Station, TX).

Results
Study population

This study included 3788 major trauma cases reported during
2011 to 2017 (Fig. 1). The age ranged from 15 to 91 years old, with a

W.S. Chen et al./Injury, Int. J. Care Injured 50 (2019) 1118-1124

median age of 33 years (interquartile range of 24-53 years).
Included patients were predominantly males (89%) with injuries
sustained from a blunt mechanism (91%), with majority of these
patients (89%) were alive when discharged. Overall, deceased
patients had almost 2 folds higher median ISS and NISS scores but
lower median RTS value in comparison to alive patients (Table 3).

NTrD-TRISS model’s performance

Table 4 summarises the discrimination and calibration results
for both MTOS-TRISS and NTrD-TRISS models by the mechanism of
injury. Both models performed well with AUCs ranging from 0.86
to 0.89 for patients with blunt trauma mechanism and 0.89 to 0.99
for patients with penetrating trauma mechanism (Figs. 2a, b, 3 ).

For blunt mechanism, p-values from all models indicated these
models’ estimates fit the observed data well (p-value = 0.524 for MTOS-
TRISS-ISS; p-value=0.242 for MTOS-TRISS-NISS; p-value=0.719 for
NTrD-TRISS-ISS; p-value =0.765 for NTrD-TRISS-NISS) (Table 4).

Due to only 352 patients reported with penetrating trauma
mechanism, the estimated g value was 3, which was below the
minimum value of 6 in order for the chi-square approximation to
be valid [37]. In addition, only 8 (2%) deaths were observed out of
the 352 patients, therefore, chi-square approximation was not
valid for such a small mortality rate [37]. Hence, no H-L statistics
and p-values were reported for patients with penetrating trauma
mechanism in Table 4.

Discussion

Our findings showed that both the MTOS-TRISS and NTrD-TRISS
models performed adequately when used to predict outcomes in

Total major trauma cases
documented in the Malaysian
Trauma Surgery Database from
2011 to 2017
(n=3,890)

Excluded from analysis:

ﬁ M

Age < 15 years (n = 82)

e Patients sustained other
type of traumatic injuries
(n=20)

Patients included in analysis
(n=3,788)

Patients sustained blunt
traumatic injuries

Patients sustained penetrating
traumatic injuries

(n=3,434)
Alive Dead
(n =3,044) (n=390)

(n=354)
Alive Dead
(n=346) (n=8)

Fig. 1. Flow of patients.



Table 3

General characteristics of patients.
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Table 4
Logistic regression models with discrimination and calibration.

Variable Alive Dead All Model AUC (95% CI) H-L p-value
(n=3390) (n=398) (n=3788) statistic
Male sex [n (%)] 3001 (89%) 355 (89%) 3356 (89%) (a) Blunt trauma mechanism
Age (years) 36.3 (15.6) 39.5 (18.5) 36.6 (16.0) (n=3434, g=96)
e Mean (SD) 33 (23-47) 36 (24-53) 33 (23-48) e NTrD-TRISS-ISS 0.86 (0.83, 0.89) 41.96 0.719
e Median (IQR)
e NTrD-TRISS-NISS 0.87 (0.84, 0.89) 44.36 0.765
Blunt trauma [n (%)] 3044 (90%) 390 (98%) 3434 (91%)
SBP (mmHg) 126.6 (24.0) 120.5 (36.8) 125.9 (25.7) o MTOS-TRISS-ISS 0.88 (0.86, 0.91) 46.76 0.524
e Mean (SD) 125 (111-140) 117 (95-140) 124 (110-140)
« Median (IQR) e MTOS-TRISS-NISS 0.89 (0.86, 0.91) 58.75 0.242
GCS 13.8 (2.8) 9.0 (4.8) 133 (3.4) (b) Penetrating trauma mechanism
« Mean (SD) 15 (15-15) 8 (4-15) 15 (14-15) (n=354,g=3) X N
« Median (IQR) o NTrD-TRISS-ISS 0.90 (0.82,0.98) NA NA
1SS 15.8 (9.8) 30.8 (12.2) 17.4 (11.0) e NTrD-TRISS-NISS 0.89(0.82,0.97) NA" NA*
e Mean (SD) 16 (9-24) 32 (25-41) 16 (9-25) ~ 3 N .
« Median (IQR) e MTOS-TRISS-ISS 0.98 (0.95,1.00) NA NA
NISS 164 (11.3) 355 (13.3) 18.4 (13.0) e MTOS-TRISS-NISS 0.99 (0.97,1.00) NA NA
e Mean (SD) 13 (9-22) 34 (25-43) 16 (9-27)
o Median (IQR) AUC=Area under the receiver operating characteristic curve; H-L statistic =
Hosmer-Lemeshow statistic; p-value = p-value was calculated based on a chi-square
RTS 7.6 (0.7) 6.0 (1.6) 7.4 (0.10) distribution to test the fit of the model; NA=Not Applicable;
e Mean (SD) 7.8 (7.8-7.8) 6.0 (4.7-7.8) 7.8 (7.8-7.8) " The initial estimated value of g was 3 due to small sample size. The smallest

e Median (IQR)

IQR =Interquartile Range; SD=Standard Deviation; SBP=Systolic Blood Pres-
sure; GCS = Glasgow Coma Score; ISS = Injury Severity Score; NISS = New Severity
Injury Scale; RTS =Revised Trauma Score.

the trauma centre of Hospital Sultanah Aminah. The calibration
capability for penetrating trauma mechanism was not reported
due to invalid chi-square approximation in such a small sample
size and low mortality rate. Overall, the NTrD-TRISS model
performance seems to be as good as the performance of the
MTOS-TRISS model in this external validation study particularly for
patients with blunt trauma mechanism. This finding was consis-
tent with a previous study [29].

Comparing this dataset with the original NTrD dataset that was
used in developing the NTrD-TRISS model, generally patients in the
current dataset were predominantly younger males, with lower
average ISS and average NISS scores, similar average SBP, and
slightly higher average GCS score. Specifically, in the current
dataset, the average age was 36.6 years (standard deviation of 16.0
years), with overall mortality rate of 11%, approximately 91% blunt
trauma mechanism and 9% penetrating trauma mechanism. In
contrast, in the original NTrD dataset used to develop the NTrD-
TRISS model, the average age was 34.6 years (standard deviation of
16.2 years), with overall mortality rate of 27%, approximately 97%
blunt trauma mechanism and 3% penetrating trauma mechanism.
This study emphasised on major trauma patients mainly because
this group of patients will benefit the most from an accurate
prognostic model.

Differences between the current dataset and the original NTrD
dataset may likely to influence the validation of this prognostic
model [38]. In addition, the mortality rate in the current dataset
was approximately 2.5 folds lower than the original NTrD dataset.
Despite the differences in these datasets, the NTrD-TRISS model
was consistently found to have good discrimination for both blunt
and penetrating trauma mechanisms while only good calibration
was found for patients with blunt trauma mechanism.

Strength and weakness of study

This study offers several strengths; it is the first in the South
East Asian region which reported local data-driven coefficients in

value of g has to be at least 6 in order for the chi-square approximation to be valid
[37].

* Since only 8 deaths (2%) were recorded for penetrating trauma mechanism,
therefore, chi-square approximation was not valid. Hence, no H-L statistic and p-
value were reported [37].

the calculation of TRISS (NTrD-TRISS model). Furthermore, this
study has ascertained the discrimination and calibration of the
NTrD-TRISS model to be as good as the MTOS-TRISS model
particularly for patients with blunt trauma mechanism. The
computation of the NISS was much simpler compared to the
ISS, this study revealed the overall performance of the NTrD-TRISS
model with NISS was similar to the NTrD-TRISS model with ISS.
Currently, only MTOS-TRISS model is utilised via online calculator
in the clinical care of patients in the trauma centre of Hospital
Sultanah Aminah, Malaysia. Therefore, the promising performance
of the NTrD-TRISS model suggested it could easily be adopted and
applied as an audit tool to monitor and compare the performance
of trauma centres in Malaysia. Additionally, the NTrD-TRISS model
will help to predict in-hospital mortality and potentially guide the
resource allocation as there is currently limited bed specifically in
the intensive care unit. Precise prediction may help to inform
prognosis to family and clinician to decide on early withdrawal of
severely injured cases, which is likely to be irreversible

Several limitations existed in this study. Firstly, the dataset utilised
in this validation study was captured from a single trauma centre.
Therefore, this study unable to investigate the possible centre level
effects in the outcome prediction of models examined. Nevertheless,
the trauma centre of Hospital Sultanah Aminah is regarded as the next
largest centre managing traumatic injuries after the NTrD in Malaysia
[39]. Therefore, this representative sample enabled the NTrD-TRISS
model to be validated externally. In order to generalise the NTrD-TRISS
model, it is essential for the NTrD-TRISS model to be examined in
numerous and diverse settings [40]. In addition, itis equally important
to validate prognostic model externally on regular basis to ensure the
model remains up-to-date. The second limitation presence in this
study was the low number of patients reported with penetrating
trauma mechanism, which has subsequently led to low mortality rate
that made chi-square approximation impossible. This limitation has
ultimately restricted the assessment of the calibration capability of the
MTOS-TRISS and NTrD-TRISS models for patients with penetration
trauma mechanism.
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Fig. 2. a) AUC for NTrD-TRISS and MTOS-TRISS models for patients sustained blunt traumatic injuries. b) AUC for NTrD-TRISS and MTOS-TRISS models for patients sustained
penetrating traumatic injuries.

Future research ensure efficient triaging of patients. This study failed to assess the
calibration capability of both NTrD-TRISS and MTOS-TRISS models

Currently, more than 90% of patients are reported with blunt for patients with penetrating trauma mechanism due to low number
trauma mechanism. Therefore, it is extremely important to have an of cases reported. Thus, future research is warranted to ascertain the
accurate prognostic model that could assist physicians in their real- overall performance of the NTrD-TRISS model especially for patients
time assessment in accurately predicting patient’s outcome to with penetrating trauma mechanism. In addition, assessment of
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Fig. 3. Observed versus Expected Number of Deaths According to Predicted Probabilities.

clinical utility of the NTrD-TRISS model in a mobile application
format will be the essential component of model evaluation in the
next phase of study. The clinical implications of the findings from the
current study enable physicians to provide accurate real-time
assessments to patients in their clinical care and potentially improve
the outcomes of patients.

Conclusion

This study has successfully validated the MTOS-TRISS and
NTrD-TRISS models using a dataset collected from a single trauma
centre. The overall discrimination and calibration performances of
these models by incorporating NISS as a parameter were found to
be consistent with the same models by incorporating ISS as a
parameter. Overall, this validation study has ascertained the
discrimination and calibration performances of the NTrD-TRISS
model to be as good as the MTOS-TRISS model particularly for
patients with blunt trauma mechanism.
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