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Background: Trauma is a major public health issue and has an extensive burden on the health system in South Africa. Many
trauma scoring systems have been developed to estimate trauma severity and predict mortality. The prediction of mortality
between different trauma scoring systems have not been compared at district-level health facilities in South Africa. The
objective was to compare four trauma scoring systems (injury severity score (ISS), revised trauma score (RTS), Kampala
trauma score (KTS), trauma and injury severity score (TRISS)) in predicting mortality in trauma-related patients presenting
to a district-level hospital in Cape Town.

Methods: A retrospective analysis of all trauma patients managed in the resuscitation unit of Khayelitsha Hospital during a
six-month period. Logistic regression was done, and empirical cut of points used to maximise sensitivity and specificity on
receiver operating characteristic curves. The outcome was all-cause in-hospital mortality.

Results: In total, 868 participants were analysed after 50 were excluded due to missing data. The mean (+ SD) age was
28+11 years, 726 (83.6%) were males, and penetrating injuries (n = 492,56.6%) dominated. The mortality rate was 5.2%
(n=45). TRISS was the best mortality predictor (c-statistic 0.93, sensitivity 90%, specificity 87%). All scoring systems had
overlapping confidence intervals.

Conclusion: TRISS, ISS, RTS and KTS performed equivocally in predicting mortality in trauma-related patients managed
at a district-level facility. The appropriate scoring system should be the simplest one which can be practically implemented

and will likely differ between facilities.
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Introduction

Trauma is a global health problem and arguably affects low-
and middle-income countries disproportionally more. Trauma
accounts for 15% of deaths in Sub-Saharan Africa and for
11% of deaths in South Africa.! In addition to mortality
and morbidity, trauma places a huge financial burden on
health systems.? Multiple factors contribute to the trauma
epidemic, including poverty, substance abuse, alcohol abuse,
and interpersonal violence.! The most significant factor
contributing to trauma-related morbidity and mortality is the
severity of injuries sustained.> Various scoring systems have
subsequently been developed in an attempt to objectively
estimate the risk of trauma-related mortality. Trauma scoring
systems can be categorised into three groups: i) Scores based
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on anatomical descriptions of injuries (e.g. abbreviated injury
score (AIS), injury severity score (ISS))*; ii) Scores based
on physiological parameters of injured patients (e.g. revised
trauma score (RTS), Glasgow coma scale (GCS))*; and iii)
Scores that use a combination of anatomical descriptions and
physiological parameters (e.g. trauma and injury severity
score (TRISS),* Kampala trauma score (KTS)?).

The accuracy of trauma scores has been previously compared,
with different results depending on the outcome used. For
example, the ISS predicted hospitalisation better than TRISS
and RTS,S while the ISS also performed well in predicting
mortality in patients with firearm injuries.” In Ghana, the
KTS performed adequately to predict mortality and need for
hospitalisation.’
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All trauma scoring systems have certain limitations, and none
of them is ideal for every setting. The ISS and the RTS are
widely used in trauma registries in high-income countries,
while the KTS has specifically been developed for low-income
countries with severe resource limitations, as it is a simple
score that does not require many parameters.® No study has
been conducted in South Africa comparing different trauma
scores as predictors of mortality at the district healthcare
level. Identifying the most appropriate trauma score will assist
to objectively predict mortality and morbidity risk in trauma
patients and might therefore assist with early identification of
patients who need prompt referral to facilities able to provide
a higher level of care. This should hopefully decrease the time
to definitive care and potentially limit morbidity and mortality.
The objective of this study was to compare the performance of
four trauma scores (ISS, RTS, KTS, and TRISS) in predicting
mortality in trauma patients managed within the resuscitation
unit of a district-level hospital in Cape Town, South Africa.

Methods

Study design

A nested diagnostic test accuracy study within a retrospective
cross-sectional study of a prospectively collected database
was performed. The study was approved by the Stellenbosch
University Health Research Ethics Committee (Ref:
S16/08/147).

Study setting and population

Khayelitsha Hospital is a 300-bed large urban district-level
hospital located in the township of Khayelitsha, one of the
biggest townships of Cape Town in the Western Cape. The
population is predominantly black with a high unemployment
rate.” The population of Khayelitsha is not spared by the
quadruple burden of diseases affecting South Africa, that
includes HIV/AIDS and tuberculosis, non-communicable
diseases, maternal and child mortality and trauma.'® Different
specialised services are rendered at Khayelitsha Hospital
including medical, paediatrics, surgical, orthopaedics, and
obstetrics and gynaecology. Khayelitsha Hospital has a large
emergency centre, with a resuscitation unit that has four beds
and one cot for paediatrics cases. Each bed is equipped with a
ventilator and a resuscitation trolley.

The Khayelitsha Hospital Emergency Centre database was
established on 1 November 2014 and is registered at the
Stellenbosch University Health Research Ethics committee
(Ref: N15/10/107). It is an observational electronic database
that prospectively collects data on all patients managed within
the resuscitation unit of Khayelitsha Hospital; the exact
methodology has been previously described.’

Data collection and management

All trauma patients managed in the resuscitation unit
were extracted from the database for a six-month period
(1 November 2014 to 30 April 2015). Data not yet captured
or missing were retrospectively added after scrutinising the
clinical notes. Incomplete data points were excluded from the
relevant analysis and were indicated as such.
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Collected variables included patients demographics
(age, gender), date and time of presentation, patient acuity,
mechanism of injury, time spent in the resuscitation unit,
and disposition from the resuscitation unit. The predictor
variables were injury severity score (ISS), revised trauma
score (RTS), Kampala trauma score (KTS), and trauma and
injury severity score (TRISS). The outcome variable was
all-cause in-hospital mortality, and includes trauma patients
that died in Khayelitsha Hospital and those transferred to
the referral hospital (Tygerberg Hospital) for higher level of
care and subsequently died. The triage early warning score
(TEWS) was used to determine patient acuity. The TEWS
is a composite score of physiologic parameters measured at
arrival to the hospital. It forms part of the South African triage
scale (SATS) and categorizes patients as non-urgent (green),
urgent (yellow), very urgent (orange), and emergency (red)."
We acknowledge that the TEWS is not validated to determine
acuity in trauma patients, but was used to give an idea of the
acuity relating to the patients’ vital signs (the discriminator
list of the SATS would have categorised all trauma patients
at least as very urgent (orange)). Missing variables were
retrospectively collected by a single investigator (SNM) and
entered into a Microsoft Excel spreadsheet with validated
functions to calculate each trauma score automatically.
The collected data were not cross-checked due to logistical
constraints. A detailed description of the calculation of the
different trauma scores is available as supplementary material
(Appendix1).

Analysis

Data were imported from Microsoft Excel (Microsoft Corp,
Redmund WA) into STATA 14 (StataCorp, College Station,
Texas) for analysis. Simple descriptive statistics were used to
describe variables. Continuous variables were described using
means and standard deviation (SD) or mean and inter-quartile
range (IQR), where appropriate. Normality of variables
was tested qualitatively and quantitatively. Diagnostic test
accuracy analysis included only patients older than 14 years of
age as the trauma scores are not validated in patients younger
than 14 years. An empirical diagnostic cut-off point using
receiver operating characteristics (ROC) curves to maximise
the product of sensitivity and specificity for each trauma score

Table 1. Characteristics of trauma patients managed in the
resuscitation unit of Khayelitsha Hospital (n = 868)

n (%)
Gender
Male 726 (83.6)
Female 142 (16.4)
Mechanism of injury
Mainly blunt 376 (43.3)
Mainly penetrating 492 (56.7)
Patient acuity*
Emergency / Red 170 (19.6)
Very urgent / Orange 256 (29.5)
Urgent / Yellow 318 (36.6)
Non-urgent / Green 123 (14.2)

*According to the triage early warning score (TEWS)



was used. Univariate logistic regression was used to determine
significant associations and predictive values of triage scores.

A total of 918 trauma-related patients were extracted
from the database for the 6-month study period. Only 868
patients were included in the study after 50 (5.4%) patients
were excluded due to missing records. The mean (+ SD) age
of patients was 28 + 11 years and 726 (83.6%) were males.
The acuity was at least very urgent (red and orange) in 426
(49.1%) patients and penetrating trauma (n =492, 56.7%) was
the prevailing mechanism of injury (Table 1). Patients spent
a median (IQR) time in the resuscitation area of 151 minutes

(90 to 241 minutes).

Overall, 45 (5.2%) patients died, of which 40 (88.9%) were
males (n = 40, 88.9%) and most had an acuity of at least very
urgent (n = 42, 93.4%).The mechanism of injury in patients
who died was fairly evenly distributed between penetrating
injuries (n = 23, 51.1%) and blunt injuries (n = 22, 48.9%).
TRISS was the best predictor of mortality with an area
under the ROC curve (AUC) of 0.93 (Table 2, Figure 1). If
the estimates for TRISS at the empirical cut point of 0.96
are applied to a hypothetical cohort of 1000 trauma-related
individuals, where 50 (5%) of those actually die from their
injuries, TRISS would be expected to miss five cases (10%)
and falsely predict death in 145 cases (15%). Although
TRISS outperformed the other scores, the differences were
not statistically significant as evident by the overlapping
confidence intervals. The individual ROC curves for each
score are presented in Appendix 2.

Discussion

This is the first study comparing the diagnostic performance
of trauma scores in a district-level hospital in South Africa.
Patients were typically young males with an equal spread
between penetrating and blunt mechanism of injury. The
trauma and injury severity score (TRISS) performed the
best with regards to AUC, effect size and other diagnostics,
although the difference was not statistically significant.

The equivalence of the diagnostic performances of the
four trauma scores supports previous findings. Macleod et al.
also indicated small differences between KTS, RTS, ISS and
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Figure 1. Receiver operator characteristics curves of the different trauma
scores in predicting mortality in trauma-related patients presenting to the
resuscitation unit of Khayelitsha Hospital.

TRISS.? If none of the trauma severity scores is superior with
regards to diagnostic performance, one can then rely on other
factors to decide on the most appropriate score to implement.
One argument is that scores need to be user friendly, practical
and easy to calculate,’ e.g. KTS is much easier to use than ISS.
On the other hand, with modern day applications available on
mobile devices (even when offline), complicated equations
should not be much of a hindrance.

Trauma scoring systems can be used for indications other
than prognostic purposes. They may be used as a triage tool
to improve the timely detection of patients that need prompt
referral to higher level of care, although they still need to be
tested formally.'> One would then hope that the triage system
already in use performs adequately. Another viewpoint is to
persist with the system already in use, as the use of different
tools would certainly lead to confusion and medical errors.!?
The South African triage scale is the preferred triage tool in
Khayelitsha Hospital (and the Western Cape) and a direct
comparative study is needed to identify the most appropriate
tool to be used locally.

The majority of the study population were young male
patients. This is typical of trauma-related patients as described

Table 2. Diagnostic accuracy of trauma scores in predicting mortality of trauma-related patients managed within the resuscitation

unit of Khayelitsha Hospital

Trauma Range Empiri.cal ATC Odds Ratio Sensitivity Specificity PPV* NPV$ (95% CI)
score cut-point (95% CI) (95% CI) (95% CI) 95% CI)

TRISSy -1 0.96 0.93 (19:573—'?47) (77.990—'977.4) (81.22.?’577.1) (18.23:82‘4) (98219—;19.8)
1ss =0 243 L (15i(1)01) (7337—'955.8) (82.§5—'817.5) (16.293—'35 11) (98.929—'929.8)
KTs™ >-16 12:5 0.88 (10.2632583.4) (69.23!973.2) (79.2%2?4.8) (152?;;.6) (97.?5999.6)
RTS! 0-10 72 0.87 (9.923429.8) (69.237'973.2) (7821!;3.9) (14.139236.5) (97.%%999.6)

*Area under receiver operator characteristics curve; TConfidence interval; fPositive predictive value; §Negative predictive value; Trauma and injury
severity score; lInjury severity score; **Kampala trauma score, 1+ Revised trauma score
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before.'* However, the predominance of penetrating injuries
differs from international studies, where more blunt injuries
are seen,'* yet is characteristic of the South African trauma
burden.

The all-cause in-hospital mortality was almost double
compared to an Indian study.' The exact reason for this was
beyond the scope of this study, but could possibly relate to the
high acuity of patients managed or that definitive surgical care
at Khayelitsha Hospital was limited at the time of the study.
The mechanism of injury in patients who died was almost
equally distributed between blunt and penetrating injuries
contrary to another study where more patients died from blunt
injuries.'

The study has various limitations and care should be taken
to generalise the findings. Firstly, the low mortality rate
limits the validity of the results as it is evident in the wide
confidence intervals. Secondly, although missing data were
limited by including a chart review, missing or limited details
inevitably incorporate an inherent risk of error. More than 5%
of cases were missing and, since it is impossible to determine
their specific outcomes, the direction in which the results
would have been influenced remains unknown. Thirdly, the
study was conducted at one hospital with a small sample size
for a short period of six months; this limits significantly the
generalisability of the findings. Lastly, the study was only
performed in a single district-level hospital due to logistical
constraints. It further reflects a population with a high
percentage of penetrating injuries that might be completely
different to other settings.

Conclusion

The ISS, RTS, KTS and TRISS performed equivocally in
predicting mortality in trauma-related patients managed in
the resuscitation unit of Khayelitsha Hospital. Multicentred
and large-scale studies are needed to confirm the results. The
performance of trauma scores in the district-level hospital
setting of South Africa needs further exploration.
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Appendix 1 - Calculation of the different trauma
scores

Injury severity score

Abbreviated injury scale (ALS)

The AIS is an anatomical scoring system first introduced in
1969. Since this time it has been revised and updated against
survival so that it now provides a reasonably accurate ranking
of the severity of injury.

The AIS describes the severity of injury to one body region
on a scale of 1 to 6, with 1 being minor, 5 severe and 6 a non-
survivable injury. This represents the ‘threat to life’ associated
with an injury and is not meant to represent a comprehensive
measure of severity. The AIS is not an injury scale, in that
the difference between AIS1 and AIS2 is not the same as that
between AIS4 and AISS.

AIS Score Injury

1 Minor

2 Moderate

3 Serious

4 Severe

5 Critical

6 Non-survivable
ISS calculation

To calculate an ISS for an injured person, the body is divided

into six regions. These body regions are:

*  Head and neck, including cervical spine

*  Face, including the facial skeleton, nose, mouth, eyes and
ears

*  Thorax, thoracic spine and diaphragm

e Abdomen, abdominal organs and lumbar spine

*  Extremities including pelvic skeleton

*  External soft tissue injury

An ISS is then calculated according to ISS = A2 + B2 + C2,
where A, B, C are the AIS scores of the three most injured
body regions. The ISS ranges from 0 to 75 (i.e. AIS scores of 5
for each category). If any of the three scores is a 6, the score is
automatically set at 75. Since a score of 6 (“non-survivable”)
indicates the futility of further medical care in preserving life,
this may mean a cessation of further care in triage for a patient
with a score of 6 in any category.

Revised trauma score
Based on Glasgow coma scale, systolic blood pressure and
respiratory rate.

Glasgow Coma Systolic Blood Respiratory  Coded
Scale (GCS) Pressure (SBP) Rate (RR) Value
13-15 >89 10-29 4

9-12 76-89 >29 3

6-8 50-75 6-9 2

4-5 1-49 1-5 1

3 0 0 0

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

The RTS is heavily weighted towards the Glasgow coma scale
to compensate for major head injury without multisystem
injury or major physiological changes. Values for the RTS are
in the range 0 to 7.8408. A decreasing score corresponds to a
more severe injury. A threshold of RTS < 4 has been proposed
to identify those patients who should be treated in a trauma
centre, although this value may be somewhat low.

Trauma and injury severity score

TRISS determines the probability of survival (Ps) of a patient
from the ISS and RTS.

The formulae to use is Ps = 1 / 1(1+e-b) where ‘b’ is calculated
from b =b0 + b1(RTS) + b2(ISS) + b3(Age Index). Age index
is 0 if the patient is below 54 years of age or 1 if 55 years and
over.

b0 to b3 are coefficients which are different for blunt and
penetrating trauma.

Blunt Penetrating
b0 -0.4499 -2.5355
bl 0.8085 0.9934
b2 -0.0835 -0.0651
b3 -1.7430 -1.1360

Kampala trauma score

The KTS closely resembles the TRISS and is a composite of
ISS and RTS. Possible score range from 5 to 16 and as with
the RTS a decreasing score corresponds to a more severe
injury.

Variable

Age (years)
5-55 2
<5or>55

Score

=

Systolic blood pressure (mmHg)
>89

50-89

1-49

Undetectable

— N W

Respiratory rate (/minute)
10-29 3
>29 2
<10

—_

Neurological status

Alert

Response to verbal stimuli
Response to painful stimuli

—_— N W N

Unresponsive

Serious injuries

None 3
One 2
Two or more

Total score
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Appendix 2 - Individual receiver operator characteristics curves for each trauma score

1. Receiver operator characteristics curve of trauma and 3. Receiver operator characteristics curve of Kampala trauma
injury severity score (TRISS) in predicting mortality in score (KTS) in predicting mortality in trauma-related patients
trauma-related patients presenting to the resuscitation unit of ~presenting to the resuscitation unit of Khayelitsha Hospital

Khayelitsha Hospital, with area under the curve: 0.93 with area under the curve: 0.88
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2. Receiver Operator characteristics curve of injury Severity 4. Receiver Operator characteristics curve of revised trauma
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