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Abstract

Original Article

IntroductIon

The foremost cause of morbidity and mortality amongst 
children across the globe is trauma, which accounts for 40% 
of all childhood deaths.[1] Mortality from childhood trauma 
is disproportionately and unacceptably high in low- and 
middle‑income countries (LMICs). In children under the 
age of 15, approximately 95% of the one million annual 
trauma‑related mortalities occur in LMICs.[1,2] Non‑fatal injuries 
add to the burden of trauma, with 390,000 disability‑adjusted 
life years (DALY) lost globally every year in children under 
15.[1,3] Again, the burden of morbidity is disproportionately 
high in LMICs, which account for 90% of all DALYs.[1] The 
most common mechanisms of paediatric trauma in South Africa 
are  Road traffic accidents (RTA), burns, falls and assault.[4]

The consequences of childhood injury can impact other key aspects 
of childhood health such as educational, social, psychological 
and economic well-being.[5] Paediatric trauma cannot be 
underestimated and is a significant public health problem requiring 
appropriate recognition and intervention. However, the lack of 
appropriate data describing the burden of paediatric trauma in an 
intensive care setting represents a significant obstacle in enhancing 
strategies for injury prevention in South Africa.[1]

A variety of different scoring systems have been widely used 
to assess and guide the treatment of trauma patients. Triage 
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scores such as the Trauma Score (TS) and RTS are typically 
used to determine physiological risk, guide referral patterns 
in a pre-hospital setting and as prognostic tools.[6] The RTS 
requires few data to calculate and has been previously validated 
in both adult and paediatric populations.[6-9] Although it was 
originally developed as a triage tool, its use has since been 
expanded to allow prognostication and prediction of outcomes 
in trauma patients.[10] The RTS may be calculated using the 
formula shown in Figure 1.[8]

Before effective application of a clinical score to any specific 
population, there must be objective validation of the tool 
within that population. Whilst the validity of RTS in predicting 
outcome in an adult intensive care unit (ICU) population has 
been examined,[11] the authors are not aware of any previous 
validation data in a paediatric ICU setting. As such, we set out 
to examine the validity of RTS as a predictive tool for clinical 
outcome in a paediatric trauma ICU population.

subjects and Methods

A retrospective record review of all trauma patients admitted 
to the paediatric ICU (PICU) at the Chris Hani Baragwanath 
Academic Hospital (CHBAH) between 1 January 2011 and 
31 January 2013 was performed. Data on patient demographics, 
injury pattern, treatment interventions and patient outcomes 
were collected and RTS was calculated. The cohort was 
arbitrarily split into three subgroups based on RTS. The group 
above the 66th percentile was classified as low risk, between 
the 33rd and 66th as intermediate risk and below the 33rd as 
high risk. No burns patients were included as these patients 
are admitted to a separate ICU facility at CHBAH.

Outcome measures that were compared between groups 
were mortality, age, gender, length of stay (LoS), duration 
of ventilation (DoV) and change in Glasgow Coma 
Scale (GCS). Change in GCS was calculated by subtracting 
GCS on admission from GCS at discharge after excluding all 
mortalities. For continuous variables such as age, change in 
GCS, LoS and DoV, the non‑parametric Kruskal–Wallis test 
followed by Dunn’s multiple comparisons test was used for 
analysis. Categorical variables such as mortality and gender 
were analysed using Fisher’s exact test. All descriptive 
statistics were generated with Microsoft Excel™ (Redmond, 
Washington). Statistical significance was defined as P ≤ 0.05. 

Statistical tests were run using  GraphPad Prism version 7 
software (GraphPad software Inc, US).  Ethics clearance was 
obtained from the University of the Witwatersrand Human 
Research Ethics Committee. All data collected remained 
anonymous.

results

The mean RTS across all patients was 5.3, with the 33rd and 
66th percentile values being 4.7 and 5.9, respectively. Thus, 
the cohort was divided into a high‑risk group (RTS <4.7), 
an intermediate‑risk group (≥4.7 and <5.9) and a low‑risk 
group (RTS ≥5.9). This is summarised in Figure 2.

Table 1 compares the demographic and outcome variables 
between the whole study cohort and each of the groups. The 
mean age of the high‑risk (6.3) and the intermediate‑risk 
groups (6.0) was higher than the total cohort (5.9) and the 
low‑risk groups (5.4). There was a male preponderance 
throughout the entire cohort (58%:42%) and all risk groups.

Although mortality rate was higher in high‑risk (16%) 
and intermediate‑risk groups (9.6%) compared to the total 
cohort (8.8%) and the low‑risk group (2.9%), no statistical 
significance was observed when comparing the groups to one 
another.

DoV and LoS were significantly different when compared 
between intermediate‑ and low‑risk groups (P = 0.0104 and 
P = 0.0395, respectively) but not between other groups. 
Change in GCS was strongly significant when compared 
between intermediate and low risk (P < 0.0001), as well as 
between high and low risk (P < 0.0001) but not between high 
and intermediate risk (P = 0.0803). These data are presented 
in Table 2.

Data describing mechanism of injury by risk group are 
presented in Table 3. The most common mechanism of 
injury in all groups was RTA, with a higher proportion 
of pedestrian‑vehicle accident (PVA) than motor vehicle 

Figure 1: (a and b) Equation used to calculate the Revised Trauma Score 
(above) and clinical parameters and assigned coded values used (below)

Figure 2: Breakdown of patients included and excluded from the final 
analysis
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accident (MVA) throughout. Other injuries included fall 
from height, near drowning, foreign body aspiration, dog 
bite, assault, blunt force injury and railway associated 
injury.

The most common site of injury throughout the cohort was 
head injury (43.2%), followed by long bone injury (17.1%), 
thoracic injury (14.4%) and intra‑abdominal injury (13.7%). 
There were a higher proportion of head injury and long bone 
injury in the high‑ and intermediate‑risk groups as compared 
to the low‑risk group. These data are summarised in Table 4.

dIscussIon

CHBAH is one of the highest volume trauma centres in the 
world and only has 8 PICU beds available to trauma patients 
that must be shared with all other medical and surgical 

patients.[12] More than one in six patients admitted to PICU at 
CHBAH are trauma patients. Within this setting, a validated 
severity assessment tool for trauma would be useful in 
making referral decisions by prognosticating and identifying 
candidates for referral who would be particularly likely to 
benefit from PICU admission. It may also help in decisions 
about resource allocation in tertiary centres with relatively low 
PICU capacity such as CHBAH.

The RTS has been successfully validated as a triage tool in 
both adult and paediatric populations and is the most widely 
used TS in the literature.[6-9] Its advantages compared to other 
TSs are that it relies purely on objective parameters, thus 
improving inter-rater reliability.[6] The parameters used in the 
RTS form part of the basic assessment of any patient in the 
hospital or pre‑hospital environment, making its use more 
feasible and acceptable.

Limitations of the RTS include that is was originally validated 
in an adult American trauma population[8] and its applicability 
to other settings has not been specifically proven. RTS is a 
versatile tool but has classically been reported to weight certain 
injuries (for instance, head injury) proportionately higher than 
others.[10,13] Further, the RTS relies on purely physiological 
parameters, and clinicians must use it in conjunction with 
clinical details such as mechanism of injury and anatomical 
site of injury.[14,15]

Within hospital, TSs may be used in mobilisation of specific 
trauma teams and senior staff, as a predictor of outcomes 
and in evaluating the quality of care and benchmarking.[10,16] 
Classically, RTS has been shown to be a robust tool in 
predicting mortality but less so in predicting other outcomes.
[6,10,13,17-19] It has not yet been evaluated to be able to 
predict  Intesive Therapy Unit (ITU)  admission or to aid in 
decisions regarding ITU referral.

In our cohort, RTS was unable to predict mortality with any 
statistical significance. This is contrary to the experience 

Table 1: Comparison of variables between groups

Total High risk Intermediate risk Low risk
No. of patients 91 25 31 35
Age (yrs)

Mean 5.9 6.3 6.0 5.4
Median (IQR) 5.8 (3.1‑8.0) 5.8 (3.1‑8.4) 6.3 (2.9‑8.9) 4.8 (3.4‑7.3)

Gender (M: F) 53:38 (58%:42%) 13:12 (52%:48%) 19:12 (61%:39%) 21:14 (60%:40%)
No. Mortalities (%) 8 (8.8%) 4 (16.0%) 3 (9.6%) 1 (2.9%)

Length of Stay (Days)
Mean 7.5 6.6 9.4 6.5
Median (IQR) 5 (4‑9) 5 (4‑7) 6 (4.5‑12) 4 (2‑7.5)

Duration of Ventilation (days)
Mean 5.4 5.2 7.2 3.9
Median (IQR) 4 (2‑5) 4 (3‑8) 4 (3‑7.5) 3 (1‑4)

Change in GCS
Mean 7.2 10.5 8.6 4.0
Median (IQR) 7 (4.5‑11) 11 (10‑12) 9 (7‑11) 4 (2‑6)

Table 2: Comparison of statistically significant variables 
and mortality between RTS groups

Group Mean Comparison P
Duration of Ventilation

High risk 6.6 HR vs. IR >0.9999
Intermediate risk 9.4 IR vs. LR 0.0104*
Low risk 6.5 HR vs. LR 0.1335

Length of Stay
High risk 5.2 HR vs. IR 0.8922
Intermediate risk 7.2 IR vs. LR 0.0395*
Low risk 3.9 HR vs. LR 0.6175

Change in GCS
High risk 10.5 HR vs. IR 0.0803
Intermediate risk 8.6 IR vs. LR <0.0001*
Low risk 4 HR vs. LR <0.0001*

Mortality
High risk - HR vs. IR 0.6880
Intermediate risk - IR vs. LR 0.3346
Low risk - HR vs. LR 0.1502

HR=High risk, IR=Intermediate risk and LR=Low risk
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of many other series examining the predictive applicability 
of the RTS.[6,10,13,17-19] Although not significantly different, 
there was a definite observable trend between groups with 
mortality rate reducing from the high‑risk group (16%) to the 
intermediate‑risk (9.6%) and low‑risk groups (2.9%). Inability 
to show a significant reduction in mortality with increasing 
RTS may be due to the small sample size of the cohort. As such, 
evaluation of larger cohorts is warranted in order to interpret 
the prognostic ability of the RTS with respect to mortality in 
the PICU setting.

Change in GCS from admission to discharge in patients who 
survived was also significantly different between the high‑ and 
low‑risk groups and the intermediate‑risk and low‑risk 
groups. This was not the case when comparing the high- and 
intermediate‑risk groups. This variable has not been examined 
in the literature before, but the authors suggest that it can be 
interpreted as a relative proxy of neurological improvement. 
These results show that patients in intermediate and low 
RTS scores show greater neurological improvement than 
those with high RTS scores providing useful information for 
prognostication.

The most common mechanism of injury was road traffic 
injury (RTI), which conforms with both local and international 
data.[20-23] PVAs were more common than MVAs. This is 
contrary to data from developed countries where MVA is much 
more common than PVA in all age groups.[24] In our series, 
patients in the high‑ and intermediate‑risk groups had a higher 

proportion of RTIs as compared to those in the low‑risk group. 
This reflects a higher severity of injury from RTIs as compared 
to other injuries.[24,25] Proportions of other mechanisms of injury 
were broadly similar between groups with no trends identified.

The most common anatomical site of injury was head injury, 
followed by long bone injury and thoracic injury. This 
propensity for head trauma conforms to international literature, 
which suggests a high burden of head injury in the global 
paediatric population.[26,27] Our high‑ and intermediate‑risk 
groups had a higher proportion of head injury as compared to 
those in the low‑risk group scores. It therefore appropriately 
triages head injury with reduced GCS as high risk. The 
undertriage of isolated head injury was a classic limitation of 
the TS before its revision.[6,17]

RTS is a purely physiological score, with no component 
for assessment of anatomical site of injury. Therefore, care 
must be taken in both pre‑hospital and hospital settings to 
correlate the RTS with mechanism and site of injury.[6,10,17] To 
overcome this problem, other scores such as Injury Severity 
Score that use the anatomical site of injury to predict outcome 
can be combined with RTS into scores that take both of these 
approaches into account. Examples of these scores include the 
Trauma and Injury Severity Score, which is shown to be an 
effective mortality prediction model that performs well in both 
adult and paediatric populations. However, it is more tedious 
to compute as compared to RTS and uses many different 
clinical parameters that may be difficult to collect and use in 
the clinical setting. Therefore, its feasibility and acceptability 
as a triage score and TS is variable, especially in a pre-hospital 
setting.[6,17] Balance must be struck between feasibility of use 
and effective clinical predictions when using TSs.

conclusIons

RTS is not predictive of mortality between high‑risk (RTS <4.09) 
and low‑risk patients (RTS >5.67) in a South African Paediatric 
Intensive Care trauma population. RTS may be of value in 
prognostication and predication of other outcomes such as 
DoV, LoS and change in GCS from admission to discharge. 
Further work, ideally in a prospective study, is required before 

Table 3: Comparison of number and proportion of different mechanism of injury between RTS risk groups

Mechanism of Injury High risk (n) Intermediate risk (n) Low risk (n) Total
Road Traffic Injuries 20 (80.0%) 27 (87.0%) 25 (71.4%) 72 (79.1%)
Pedestrian Vehicle accidents 15 (60.0%) 21 (67.7%) 15 (42.9%) 51 (56.0%)
Motor vehicle accidents 5 (20.0%) 6 (19.4%) 10 (28.6%) 21 (23.1%)
Fall from Height 1 (4.0%) 2 (6.5%) 1 (2.9%) 4 (4.4%)
Near Drowning 1 (4.0%) 1 (3.2%) 1 (2.9%) 3 (3.3%)
Foreign Body Aspiration 0 0 2 (5.7%) 2 (2.2%)
Dog bite 1 (4.0%) 0 1 (2.9%) 2 (2.2%)
Assault 0 0 2 (5.7%) 2 (2.2%)
Blunt force injury/heavy object 1 (4.0%) 1 (3.2%) 3 (8.6%) 5 (5.5%)
Railway associated injury 1 (4.0%) 0 0 1 (1.1%)
Total (n) 25 31 35 91

Table 4: Comparison of site of injury between groups

Site of injury High 
risk (n)

Intermediate 
risk (n)

Low 
risk (n)

Total

Head 20 (47.6%) 24 (49.0%) 19 (34.5%) 63 (43.2%)
Long bone 9 (21.4%) 10 (20.4%) 6 (10.9%) 25 (17.1%)
Thoracic 4 (9.5%) 6 (12.2%) 11 (20.0%) 21 (14.4%)
Intra-abdominal 5 (11.9%) 6 (12.2%) 9 (16.4%) 20 (13.7%)
Pelvis 2 (4.8%) 2 (4.1%) 3 (5.9%) 7 (4.8%)
Cervical spine 0 0 1 (1.8%) 1 (0.7%)
Other 2 (4.8%) 1 (2.0%) 6 (10.9%) 9 (6.2%)
Total (n) 42 49 55 146
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recommendations can be made regarding the role of RTS in 
aiding prognostication or referral decisions in a paediatric 
trauma setting.
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