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Triage is one of the key principles of effective management of 
major emergencies. It is usually performed in three stages: primary 
(carried out at the scene); secondary (performed by an emergency 
doctor when the patient arrives at the hospital; and third (when 
the patient receives care services including intensive care unit 
(ICU) care and theatre services.[1] Various triage systems have 
been implemented around the world. Examples include the simple 
triage and rapid treatment (START) system, Australian Triage Scale 
and Canadian Trauma System.[2] The South African Triage System 
(SATS) was established in the Western Cape Province in 2012 
and comprises a five-part system: red (life-threatening); orange 
(urgent); yellow (stretcher case); green (walking wounded); and 
blue (dead on arrival).[3]

Haemorrhagic shock is one of the leading causes of death during 
initial treatment. However, early recognition of shock can be 
challenging.[4] Shock index (SI) is defined as the ratio of heart rate 
to systolic blood pressure (SBP). The normal range is currently 
accepted as 0.5 - 0.7. SI>0.9 has been used to predict mortality and 
multiple transfusion protocol (MTP) requirement.[4,5] The accepted 
range is 0.7 - 1.3.[6,7] Modified shock index (MSI) is defined as the 
ratio of heart rate to mean arterial pressure (MAP). The traditional 
SI does not consider diastolic blood pressure (DBP). DBP can 
drop before SBP. MAP can represent tissue perfusion status, and 
is therefore a potentially better predictor of disease severity, while 
MSI reflects both stroke and systemic resistance.[8,9] It is thought to 
be a more reliable marker of haemodynamic status.

A number of low- to middle-income countries (LMICs) use 
the SATS.[10] SI as a parameter in trauma has not been studied 
extensively. In Cape Town, South Africa (SA), Aleka et  al.[11] 
reported that patients with SI>1.3 had a significant likelihood of 
dying or requiring hospitalisation. In Johannesburg, SA, Crawford 
et  al.[12] showed that in patients with SI>0.91, the odds ratio of 
death was 6.7 times higher, while injury severity score (ISS) was 
a stronger predictor of in-hospital mortality than SI. On the other 
hand, in the same study, SI and its derivatives and MAP did not 
reach a value of 0.8, which is a strong predictor of mortality, 
need for ICU and theatre and blood transfusion.[13] In Limpopo 
Province, SA, the under-researched province of interest, there are 
no studies reported on SI. The aim of the present study was to 
investigate whether SI can predict mortality and the need for blood 
transfusion in trauma patients in Limpopo Province, SA.

Methods
Design
This was a retrospective cross-sectional study of patients who 
sustained major trauma between 1 January 2018 and 31 December 
2020.

Study setting
The study was conducted at Pietersburg and Mankweng hospitals. 
These are the two referral hospitals in Limpopo Province, which 
has a population of ~ 6 million people.
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Participants
Patients of all ages who sustained major 
trauma with ISS >15 were included. These 
were trauma cases treated by general surgery, 
neurosurgery, urology, cardiothoracic 
surgery, maxillofacial surgery and ortho
paedic surgery, as there is no trauma 
subspecialist unit in Limpopo.

Variables
Data were collected on demographics, 
admission and discharge date, mechanism 
of injury, types of injury, admission blood 
pressure (BP), admission Glasgow Coma 
Scale score, ISS, operative intervention, 
length of hospital stay and outcomes.

Ethical clearance
Ethics approval was obtained from the 
Biomedical Research Ethics Committee 
of University of KwaZulu-Natal (ref. no. 
00003999/2022), and the Pietersburg 
Mankweng Research Ethics Committee 
(ref. no. REC 300408006) in Limpopo.

Statistical analysis
All data were analysed using SPSS 
version 30 (IBM, USA), and statistical 
significance was set at p<0.05. Descriptive 
statistics were used to describe the 
characteristics (demographic and clinical) 
of the study participants. Means and 
standard deviations were used to describe 
continuous variables (age, SBP, DBP, 
pulse, fluids received and length of stay). 
Frequencies and percentages were used 
to describe categorical variables (sex, 
mechanism of injury, injury type, SI, blood 
transfusion, ICU admission, procedures 
and mortality). The relationship between SI 
and binary outcomes (mortality and blood 
transfusion) was determined using χ2 tests 
with cross-tabulations. For the bivariate 
analysis, independent-sample t-tests were 
used to compare SI means for each of 
the outcome groups (alive v. dead; blood 
transfused v. not transfused). Two binary 
logistic regression models were generated 
to identify predictors of mortality and 
blood transfusion. Covariates included 
age and sex, and adjusted odds ratios 
(aORs) with 95% confidence intervals 
(CIs) were reported. To  compare the 
discriminative ability of SI in predicting 
mortality and blood transfusion needs, 
a receiver operating characteristic (ROC) 
curve analysis was conducted, including 
the area under the ROC curve (AUROC) 
to interpret the predictive value.

Table 1. Descriptive statistics of continuous demographic and clinical characteristics 
of the study population (N=324)
Variable Mean (SD) Minimum Maximum
Age, years 30.63 (13.64) 1 74
SBP 118.77 (21.360 58 177
DBP 73.89 (17.02) 27 146
Pulse 89.10 (24.31) 33 164
Fluid administered, mL 2 277.74 (705.4) 400 4 000
Length of stay, days 11.02 (11.02) 1 81

SD = standard deviation; SBP = systolic blood pressure; DBP = diastolic blood pressure.

Table 2. Descriptive statistics of categorical demographic and clinical characteristics 
of study participants (N=324)
Characteristic n (%)
Sex

Male 292 (90.10)
Female 32 (9.9)

Mechanism of injury
Assault 180 (55.6)
MVC 71 (21.9)
Fall 42 (13.0)
PVC 29 (9.0)
Self-injury 1 (0.3)
Animal injury 1 (0.3)

Injury type
Head injury 141 (43.5)
Penetrating abdominal trauma 59 (18.2)
Orthopaedic fractures 47 (14.5)
Blunt abdominal trauma 29 (9.0)
Injured limb 11 (3.4)
Chest injury 9 (2.8)
Head/chest 9 (2.8)
Neck injury 6 (1.9)
Head/limb 4 (1.2)
Mandible 2 (0.6)
Ortho/mandible 2 (0.6)
Ortho/abdomen 2 (0.6)
Head/abdomen 1 (0.3)
Abdomen/neck 1 (0.3)
Chest/abdomen 1(0.3)

Shock index
Normal 78 (24.1)
Mild 189 (58.3)
Moderate 45 (13.9)
Severe 12 (3.7)

Blood transfusion
No 229 (70.7)
Yes 95 (29.3)

ICU admission
No 265 (81.8)
Yes 59 (18.2)

Mortality
No 310 (95.6)
Yes 14 (4.4)

MVC = motor vehicle crash; PVC = pedestrian vehicle crash; ICU = intensive care unit.
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Results
The review identified 324 patients, of whom 83% were male. The 
mean age was 30.6 years. The average fluid administered per 
patient was 2 277 mL, and the mean length of stay was 11 days, as 
shown in Table 1. The mean delay to arrival at the referral hospital 
was 12 hours 48 minutes.

The most common mechanism of injury was assault (55.6%), 
followed by motor vehicle crashes (21.9%). The head was the most 
commonly injured part of the body (43.4%). Only 18.2% of patients 
were admitted to ICU, while 29.3% received blood transfusion, as 
shown in Table 2. The overall mortality was 4.4%.

There was a significant association between SI and mortality 
(p<0.011), while p<0.001 for the association between SI and blood 
transfusion (Table 3).

Patients who died had a lower mean SI (p<0.006), and patients 
who received blood transfusion had a higher mean SI (p<0.001), as 
shown in Table 4.

SI was not a strong predictor of mortality, but the AUROC of 
0.673 indicates that it has a fair capacity to predict mortality. Sex 
was a strong predictor, with males more likely to die (p<0.001). 
Both SBP and DBP were not predictors of mortality, with p-values 
0.684 and 0.673, respectively. ICU admission was also a strong 
predictor of mortality, with a p-value of 0.005 (Table 5).

Severe SI is a significant predictor of the need for blood 
transfusion (p=0.032). SBP was also a significant predictor of blood 
transfusion, as shown in Table 6.

Discussion
Triage is crucial in the emergency department for classifying 
patients based on their treatment priorities, and reducing waiting 
times.[14] A  study by Smith et  al.[15] found overtriage by triage 
nurses to be 3.9%, while undertriage was 24%. Undertriage causes 
significant delays in patient management, while overtriage causes 
increased use of resources.[15] Haemorrhage is the most common 
reason for traumatic death, and shock contributes to organ failure.[16] 
Management of traumatic shock is an ideal target for intervention 

in the pre-hospital setting, because shock is often identifiable.[17] 
The SI has been a valuable predictor for haemodynamic instability 
and the need for blood transfusion in trauma.[18,19] Several studies 
have shown that SI>1 has been associated with higher mortality 
rates in trauma patients.[20,21] Similar to many previous studies, 
males seem to be the most commonly affected, consistent with 
findings by Evans et  al.[22] (79%), Kristiansen et  al.[23] 78% and 
Mbanjumucyo et al.[24] (77%). 

The results in the present study show that SI was a predictor 
of mortality and the need for blood transfusion in the Limpopo 
setting. This is in contrast to a systematic review by Carsetti 
et  al.,[25] which showed that SI was not accurate in predicting 
mortality owing to low sensitivity of 0.358 and specificity of 0.742. 
Similarly, a study from Pretoria by Milton et al.[26] showed that SI 
was not a good predictor of mortality, with sensitivity of 58% and 
specificity of 73%, when compared with trauma injury severity 
score and ISS at 87% and 68%, and 81% and 61%, respectively. 
These findings contrast with those of a systematic review of 38 
articles by Vang et al.,[27] which found a four-fold risk of in-hospital 
mortality in adult trauma patients with SI>1. 

In the current study, SI was found to be a good predictor of 
the need for blood transfusion. This is consistent with a previous 
finding in the USA, where patients with SI>1 had a 25% greater 
likelihood of requiring a blood transfusion.[28] In addition, a 
study in Spain found that an SI value of 0.9 in transfused patients 
demonstrated a specificity of 73% with sensitivity of 66% for 
pre-hospital SI, and specificity of 74% with a sensitivity of 80% 
for the in-hospital SI.[29] In our study, almost all SIs calculated 
were emergency department SIs. There were prolonged waiting 
times for patients before receiving services at the referral centres. 
These could be due to problems in communication and transport 
delays, which can have detrimental effects on patient outcomes. 
All patients received resuscitation before referral to the central 
hospitals, which could have had an influence on SI values. SATS 
was not well followed, as found in a previous Limpopo study.[14] 
The reality of the SA health system is that many patients referred 

Table 3. Χ2 tests showing association between shock index categories and mortality and blood transfusion of major trauma 
patients (N=324)
Variable Shock index No Yes Total χ2 df p-value
Mortality

Normal 74 2 76 11.12 3 0.011
Mild 183 5 188
Moderate 40 5 45
Severe 10 2 12

Blood transfusion
Normal 19 59 78 21.81 3 <0.001
Mild 46 143 189
Moderate 21 24 45
Severe 9 3 12

df = degree of freedom.

Table 4. Independent-sample t-test comparing shock index by mortality and blood transfusion among trauma patients (N=324)
Variable t (df) Mean difference p-value
Mortality 2.777 (319) –0.546 0.006
Blood transfusion 3.882(322) 0.337 <0.001
df = degree of freedom.



25       April 2026, Vol. 116, No. 3

RESEARCH

to centres with higher levels of care have received some degree of 
resuscitation already at a lower-level hospital, and the utility of 
these types of predictive tools is therefore potentially diminished. 
Studies on SI and its role in predicting mortality and the need for 
blood transfusion are very rare in LMICs. Therefore, more studies 
are needed to understand its role in these settings.

Future research should be directed at firstly investigating the role 
of SI in a larger cohort of patients in a rural setting, and secondly, 
investigating whether SATS is applied correctly in an emergency 
trauma setting.

Study limitations
Owing to its retrospective nature, the study is subject to selection 
bias. Compared with international studies, the sample size is 
quite small.

Conclusion
SI in this cohort in Limpopo Province, SA, fairly predicted 
in-hospital mortality as well as the need for blood transfusion. 
The triage system needs to better implemented, and there should 
be improvements in the referral system for emergency patients in 
Limpopo Province.
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