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A B S T R A C T

Introduction: Non-compressible torso haemorrhage (NCTH), resulting from penetrating trauma to the chest, 
abdomen, or pelvis, places patients at high risk of death. The objectives of this study are to characterize the injury 
profile of patients with penetrating NCTH who receive care within a tiered public trauma system in South Africa 
and to identify factors associated with mortality.
Methods: This is a secondary analysis of clinical data collected from Sept-2021 through Dec-2023 across 6 hos
pitals, 4 ambulance bases, and 2 mortuaries in the Western Cape Province that form a cohesive trauma referral 
pathway. The study included patients age ≥18 years with penetrating NCTH who arrived at the hospital within 3 
h and received blood products within 6 h of injury. NCTH was defined as Abbreviated Injury Scale (AIS) ≥ 2 to 
chest, abdomen or pelvis, with a systolic blood pressure ≤ 100 mm Hg. Data were analysed using multivariable 
logistic regression and Cox proportional hazards modelling.
Results: There were 202 patients with penetrating NCTH; median age was 29 years, 94 % male, injured by stab 
wounds (66 %) and gunshot wounds (31 %). Most patients (85 %) sustained injuries to the chest, 33 % to the 
abdomen, and 1.5 % to the bony pelvis. In a multivariable logistic regression model, elevated Triage Early 
Warning Score (TEWS ≥7) (OR 4.45, 95 % CI 1.58–13.90), elevated New Injury Severity Score (NISS >25) (OR 
4.35, 95 % CI 1.45–16.30), anatomic injury to the abdomen/pelvis (OR 2.76, 95 % CI 1.03–7.74), and receipt of 
acute airway intervention (OR 4.97, 95 % CI 1.94–13.20) were significantly associated with 7-day in-hospital 
mortality.
Conclusion: Among patients with penetrating injuries to the torso, high triage scores, high injury severity, early 
airway interventions, and penetrating abdominal trauma were associated with elevated mortality risk.
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African relevance

• Clinicians working within tiered trauma referral systems in Africa 
frequently triage patients with severe torso injuries, with the goal of 
identifying those who require damage control surgery and/or 
referral to tertiary centers to reduce mortality risk.

• In this South African population with penetrating non-compressible 
torso hemorrhage, the following factors were associated with mor
tality: high acuity at triage (Triage Early Warning Score ≥7), severe 
overall bodily injury severity (New Injury Severity Score > 25), 
presence of abdominal or pelvic trauma, and receipt of airway 
intervention.

• In resource-constrained African settings, earlier recognition of these 
factors may help trigger timely interventions to minimize morbidity 
and mortality for patients with penetrating non-compressible torso 
hemorrhage.

Background

Traumatic injuries are a significant source of morbidity and mor
tality worldwide, accounting for 8 % of global mortality and 10 % of 
years lived with disability [1]. Over 80 % of trauma deaths occur in low- 
and middle-income countries (LMIC), where prehospital care and 
trauma systems are strained and relatively underdeveloped compared to 
high-income nations [2]. Haemorrhage is the leading cause of 
trauma-related mortality, with other common aetiologies including 
central nervous system injury, sepsis, and multiple organ failure [3].

While haemorrhage due to extremity exsanguination can be tempo
rized with the use of tourniquets and pressure dressings, non- 
compressible torso haemorrhage (NCTH) localized to the chest, 
abdomen, and pelvis continues to pose clinical challenges [4–6]. NCTH 
carries a high mortality risk in both military and civilian populations. A 
study of US combat fatalities in Iraq and Afghanistan found that 90 % of 
battlefield deaths were associated with haemorrhage, and of these, 
two-thirds had NCTH [7]. A review of trauma deaths in the Western 
Cape Province of South Africa in 2021 found haemorrhage to be the 
cause of death in 33 % of preventable deaths and that the most 
frequently injured body regions in haemorrhage deaths were the thorax 
and abdomen [8].

Early blood product administration and damage control surgery are 
the cornerstones of NCTH management [9]. Aortic cross clamping via 
resuscitative thoracotomy or mini-laparotomy may help temporize 
distal haemorrhage while supporting cerebral and coronary perfusion 
[10]. Recent treatment advances include the use of junctional tourni
quets and specialized haemostatic materials for wound packing but 
these approaches have yet to be widely adopted [11,12].

Although rapid surgical haemostasis is the optimal treatment for 
NCTH, it is impracticable in many global settings. Clinicians in resource- 
constrained settings may manage NCTH patients within prolonged care 
health systems with frequent delays to resuscitative, definitive, and 
surgical care beyond what is physiologically needed for optimal out
comes [13–15]. Evaluation of NCTH patients in an African high-trauma, 
under-resourced, prolonged care health system may yield valuable in
sights into mortality predictors for NCTH in such contexts. This study 
adds to the existing data by evaluating associations between injury and 
intervention-related factors appreciable during early resuscitation, and 
subsequent in-hospital mortality, through use of multivariable models. 
Our primary objective is to identify factors that are associated with 
mortality among patients with penetrating NCTH managed in LMIC 
healthcare facilities.

Methods

Study design and setting

This study identifies risk factors for 7-day in-hospital mortality 

among patients with penetrating NCTH who received care within the 
public trauma system in the Western Cape Province of South Africa and 
who survived to hospital arrival.

South Africa is a middle-income country with one of the highest 
injury-related mortality rates in the world outside of warzones [16]. 
Penetrating trauma from firearms and stab wounds is the most common 
injury force type in this population, and the public trauma system 
manages an overwhelmingly large caseload of trauma patients resulting 
in resource constraints. Prolonged prehospital response times, limited 
availability of computed tomography, delays in interfacility transfer, 
and constrained theatre capacity pose significant challenges within 
these health systems [8,17]. A prior study found that trauma patients 
with moderate-to-severe acuity in the Western Cape experienced a me
dian time of 3 h from injury to the first critical resuscitative intervention, 
and 12.5 h for interfacility ambulance transfers [18].

This is a secondary analysis of data collected from September 2021 
through December 2023 for the Epidemiology and Outcomes of Pro
longed Care (EpiC) study [19]. No additional data were collected for this 
present study beyond what was collected within EpiC. EpiC enrols pa
tients across 12 locations in the Western Cape Province: 4 
government-affiliated emergency medical service (EMS) bases, 6 public 
hospitals (primary, secondary, tertiary care) and 2 forensic pathology 
laboratories. These sites span urban, suburban and rural geographies, 
encompassing a cohesive trauma referral pathway. Further details 
regarding EpiC’s methodology are separately available [14].

The study included patients age ≥18 years with NCTH from a 
penetrating injury who arrived at the hospital within 3 h of injury and 
received blood products within 6 h of injury. The 3 h cut-off was selected 
because many patients with torso trauma experienced delays to facility 
arrival, but those who arrived beyond 3 h had a much lower mortality 
proportion. NCTH was defined as Abbreviated Injury Scale (AIS) ≥2 (i. 
e., a serious injury) to chest, abdomen or pelvis, and a systolic blood 
pressure (SBP) ≤ 100 mm Hg based on first vitals documented by EMS or 
upon facility arrival. AIS severity score ranges from 1 (minimally severe 
anatomic injury) to 6 (maximal, non-survivable anatomic injury). The 
NCTH definition for this study was based on the definition provided by 
Morrison and adapted by the study authors given the data that were 
locally available [9].

Exclusion criteria included prisoners, blunt-force injuries, burns, 
toxicologic injuries, drownings, or envenomation. Patients with severe 
injuries to other anatomic regions (AIS ≥ 3) were excluded to improve 
the homogeneity of the study population. Patients with AIS of 6 to any 
anatomic region were also excluded, as this generally constitutes a non- 
survivable injury. Patients with NCTH who died in the prehospital 
setting were excluded because this study aims to identify risk factors for 
mortality that are identifiable by frontline clinicians working in the 
emergency centre (EC). This study received ethics approval with a 
waiver of patient informed consent by Stellenbosch University Human 
Research Ethics Committee (Project ID: 14866, Ethics Reference # N20/ 
03/036).

Data collection

Data were abstracted from paper medical records into a secure online 
electronic database. Variables collected included: demographics, injury 
mechanism, vital signs, AIS scores, triage early warning score (TEWS), 
new injury severity score (NISS), resuscitative interventions, surgeries, 
hospital disposition, and cause and time of death information. The pri
mary outcome was 7-day all-cause mortality from the time of injury; 
patients who sustain this primary outcome are referred to as decedents.

Time from injury to hospital arrival was calculated using the specific 
injury time when documented or, when missing, injury time was 
imputed using EMS dispatch times and/or research physician clinical 
judgement. Only patients with exact or estimated injury time <3 h 
before facility arrival were included in this analysis due to the time- 
sensitive nature of NCTH, to minimize survival bias. Critical 
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resuscitative interventions were defined as those performed during the 
primary ambulance transport from scene, or at the first facility within 
the first 24 h of patient arrival, and were categorized into airway, 
breathing, and circulatory interventions.

TEWS was selected as the primary exposure variable for the survival 
analysis because it is a physiologically validated measure of severity and 
a core component of the South Africa Triage Scale (SATS), which is 
widely used in ECs across South Africa and many sub-Saharan African 
settings. TEWS is a numerical score that ranges from 0 to 17 and in
corporates vital signs, patient mobility, and presence of trauma [20,21]. 
Patients with a TEWS of 7 or more are assigned the highest acuity per 
SATS. NISS, a measure of overall anatomic injury severity, was included 
as a co-variate in the multivariable model; a previous study by Lavoie 
et al. found a cut-point of NISS>25 to be most accurate for prediction of 
in-hospital mortality [22].

Statistical analysis

Continuous variables are summarized as medians with 25th and 75th 
interquartile range (IQR), while categorical variables are described 
using frequencies and percentages. Comparisons between groups for 
continuous variables used Mann-Whitney-Wilcoxon tests. Chi-square or 
Fisher’s exact tests were used for categorical variables, as appropriate.

A multivariable logistic regression model assessed the risk of 7-day 
mortality in patients with NCTH, based on patients’ demographic, 
injury-related, and clinical covariates. A purposeful variable selection 
strategy was applied to build a clinically and statistically parsimonious 
model [23,24]. Initially, univariable logistic regressions were fitted for 
each patient characteristic/variable, and covariates with a Wald test 
significance level of 25 % were selected for the multivariable model.

The covariates included in the univariable logistic regression were: 
patient age (continuous), sex, TEWS (≥7: yes/no), NISS (>25: yes/no), 
AIS for abdomen or pelvis (≥2: yes/no), airway intervention (yes/no), 
receipt of whole blood or packed red blood cells (yes/no), systolic blood 
pressure (>90 mmHg: yes/no), surgery within 24 h of injury (yes/no), 
administration of tranexamic acid (yes/no), and whether the admitting 
facility had surgical capability (yes/no).

In the multivariable logistic regression, an iterative approach was 
employed, retaining only covariates with a significance level of 5 % or 
those with strong clinical justification. A partial likelihood ratio test was 
used to compare the full and reduced models throughout this process. 
Covariates excluded in the univariable and multivariable modelling 
steps were reassessed for potential confounding effects on the risk of 7- 
day mortality, and those that caused more than a 20 % change in 
parameter estimates were reintroduced into the final model.

Based on the final selected covariates, we fitted a multivariable Cox 
proportional hazards (pH) model to evaluate the hazard of all-cause 
mortality within the 7-day follow-up, followed by adjusted survival 
curves [25,26]. The survival curves were plotted by TEWS group (TEWS 
≥7 vs. <7) as it is the primary clinical covariate in the study. Associa
tions between mortality risk and covariates were reported as odds ratios 
(ORs) with 95 % confidence intervals (95 % CI) for the logistic models, 
and hazard ratios (HRs) with 95 % CI for the Cox pH models. All analyses 
were conducted using R (version 4.3.3, R Foundation for Statistical 
Computing, Vienna, Austria) [27].

Results

Of 13,567 patients enrolled during the study period, 202 (1.5 %) 
patients sustained penetrating NCTH (Fig. 1) and met the inclusion 
criteria. Median age was 29.1 years with 94.1 % male patients (Table 1). 
198 out of 202 (98.0 %) injuries were due to interpersonal violence. Stab 
wounds were the most common mechanism of injury (66.3 %), followed 
by gunshots (31.2 %). Most patients (84.7 %) sustained injuries to the 
chest, one-third (32.7 %) to the abdomen, and 1.5 % to the bony pelvis. 
Blood products were initiated within 1 h of injury for one-quarter of 

patients (28.7 %). Tranexamic acid was given to 55.4 % of patients, and 
freeze-dried plasma to 79.2 %. Sixteen individuals (7.8 %) received 
autologous blood products from the chest tube, including 13 survivors 
and 3 decedents (p = 0.68). Tube thoracostomy insertion was the most 
frequently provided resuscitative intervention (67.8 %). Commonly 
performed early resuscitative interventions are summarized at the end of 
Table 1. There was a total of 31 deaths (15.3 %).

Decedents had more severe physiologic derangements, characterized 
by a higher TEWS (median TEWS 9 [IQR 7–11]) compared to survivors 
(median 6 [IQR 4–8]; p < 0.01). Decedents also had higher overall 
anatomic injury severity as characterized by median NISS (42 [27-57] vs 
22 [12–30]; p < 0.01). Decedents had comparable median SBP on arrival 
(SBP 82 [52–122] vs 92 [78–115] mm Hg; p = 0.11), and were more 

Fig. 1. Enrollment diagram.
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likely to have received blood products within 1 h of injury (p < 0.01). 
Decedents received an average of 1120 mL blood products in the first 24 
h, compared to 700 mL among survivors (p = 0.03), noting that total 
volume received was likely reduced by earlier times of death. Airway 
interventions during acute resuscitation occurred more commonly in 
patients who died (64.5 % vs 18.1 %, p < 0.01).

Within the overall cohort, 91 patients (45 %) underwent surgery 
within the first 24 h. Survivors and decedents presented from scene to 
surgically capable hospitals with similar frequencies (79.5 % vs. 83.9 %, 
p = 0.58). Decedents were marginally more likely to have received 
surgery within the first 24 h (61.3 % vs 42.1 %, p = 0.05). Common 
surgeries included exploratory abdominal laparotomies (15 %), other 
abdominal surgeries (11 %), sternotomies, (9 %), cardiac repairs (8 %), 

and thoracotomies (7 %). 21 % of patients who underwent operative 
intervention died, compared to 11 % of patients managed non- 
operatively.

The primary cause of death among most NCTH decedents was hae
morrhage (n = 21, 68 %), multiple organ failure or sepsis (n = 5, 16 %), 
other [airway, cardiac tamponade, sequelae of injury] (n = 3, 10 %), and 
catastrophic tissue destruction (n = 2, 6 %, one patient with injury to 
thoracic aorta, one with injuries to major vessel/liver/trachea). Median 
time from facility arrival to death was 2.1 h (IQR 0.9 - 19.8 h).

Using purposeful selection, a model was developed for predicting 7- 
day in-hospital mortality among patients with penetrating NCTH. The 
results of the univariable logistic regression models for each of the 
covariates included in the purposeful model selection strategy are 

Table 1 
Comparison of survivors and decedents with penetrating NCTH.

Total (n = 202) Survivors (n = 171) Decedents* (n = 31) p-value

Age 29.1 (24.6–36.4) 29.6 (24.7–37.0) 27.9 (22.2–34.2) 0.17d

Male Sex 190 (94.1 %) 161 (94.2 %) 29 (93.5 %) 0.99e

Dominant Mechanism of Injury ​ ​ ​ 0.41e

Stab wound 134 (66.3 %) 116 (67.8 %) 18 (58.1 %) ​
Firearm 63 (31.2 %) 50 (29.2 %) 13 (41.9 %) ​
Struck/hit 4 (2.0 %) 4 (2.3 %) 0 (0.0 %) ​
Other 1 (0.5 %) 1 (0.6 %) 0 (0.0 %) ​

First Hospital Systolic Blood Pressure 91 (76–117) 92 (78–115) 82 (52–122) 0.11d

First Hospital Shock Index 1.0 (0.8–1.3) 0.9 (0.8–1.3) 1.0 (0.7–1.3) 0.85d

Triage Early Warning Score 6 (5–8) 6 (4–8) 9 (7–11) <0.001d

New Injury Severity Score 25 (14–34) 22 (12–30) 42 (27–57) <0.001d

Anatomic Regions of Torso Injury ​ ​ ​ ​
Chest Injurya 171 (84.7 %) 147 (86.0 %) 24 (77.4 %) 0.28e

Highest Chest AIS Severity Score 3 (3–5) 3 (3–4) 5 (4–5) <0.001d

Abdominal Injurya 66 (32.7 %) 53 (31.0 %) 13 (41.9 %) 0.32e

Highest Abdomen AIS Severity Score 3 (2–4) 3 (2–4) 3 (3–4) 0.20 d

Bony Pelvis Injurya 3 (1.5 %) 2 (1.2 %) 1 (3.2 %) 0.40e

Highest Bony Pelvis AIS Severity Score 2 (2–2) 2 (2–2) 2 (2–2) 1.0 d

Polytraumab 37 (18.3 %) 30 (17.5 %) 7 (22.6 %) 0.68e

Time to First Blood (h) 1.8 (0.9–2.8) 2.1 (1.0–3.0) 0.8 (0.5–1.5) <0.001d

Blood Product Receipt ​ ​ ​ <0.001e

<1 h of injury 58 (28.7 %) 39 (22.8 %) 19 (61.3 %) ​
1–6 h of injury 144 (71.3 %) 132 (77.2 %) 12 (38.7 %) ​

Blood Products and Adjuncts in First 24h ​ ​ ​ ​
Tranexamic Acid 112 (55.4 %) 96 (56.1 %) 16 (51.6 %) 0.79e

Whole Blood and/or Packed Red Blood Cellsc 146 (72.3 %) 118 (69.0 %) 28 (90.3 %) 0.03e

Whole Blood from Blood Bank 18 (8.9 %) 16 (9.4 %) 2 (6.5 %) 0.60e

Packed Red Blood Cells 130 (64.4 %) 104 (60.8 %) 26 (83.9 %) 0.02e

Autologous Blood from Tube Thoracostomy 13 (6.4 %) 10 (5.9 %) 3 (9.7 %) 0.42e

Freeze Dried Plasma 160 (79.2 %) 137 (80.1 %) 23 (74.2 %) 0.61e

Total Blood Volume in First 24 h (mL) 760 (360–1520) 700 (360–1510) 1120 (650–1840) 0.03d

Clear Fluids Volume in First 24 h (L) 3.0 (2.0–4.5) 3.0 (2.0–4.5) 2.0 (1.0–4.5) 0.08d

Surgery within 24h 91 (45.0 %) 72 (42.1 %) 19 (61.3 %) 0.06e

Time from Facility Arrival to Surgery ​ ​ ​ <0.001e

<1h 10 (11.0 %) 3 (4.2 %) 7 (36.8 %) ​
1–6h 44 (48.4 %) 36 (50.0 %) 8 (42.1 %) ​
6 - 24h 37 (40.7 %) 33 (45.8 %) 4 (21.1 %) ​

Intensive Care Unit Admission 58 (28.7 %) 52 (30.4 %) 6 (19.4 %) 0.30e

Airway Intervention 51 (25.2 %) 31 (18.1 %) 20 (64.5 %) <0.001e

Oro-/Naso-pharyngeal Airway 1 (0.5 %) 0 1 (3.2 %) 0.02e

Supraglottic Airway 0 0 0 ​
Endotracheal tube 49 (24.3 %) 31 (18.1 %) 18 (58.1 %) <0.001e

Surgical Airway 1 (0.5 %) 1 (0.6 %) 0 (0.0 %) 0.67e

Breathing Intervention 138 (68.3 %) 119 (69.6 %) 19 (61.3 %) 0.48e

Needle Decompression 4 (2.0 %) 4 (2.3 %) 0 (0.0 %) 0.39e

Chest Seal ​ ​ ​ ​
(Occlusive dressing applied over sucking chest wound) 4 (2.0 %) 3 (1.8 %) 1 (3.2 %) 0.59e

Tube thoracostomy/Chest Tube 137 (67.8 %) 118 (69.0 %) 19 (61.3 %) 0.40e

Circulation Intervention ​ ​ ​ ​
(Only Bleeding Control by Foley) 8 (4.0 %) 6 (3.5 %) 2 (6.5 %) 0.62e

* Decedents are defined as patients who suffer from in-hospital death within 7 days of injury 
Continuous variables displayed as median (interquartile range).

a Defined as Abbreviated Injury Scale (AIS) Severity ≥2.
b Polytrauma = 2 or more body regions each with an AIS ≥2 .
c Includes autologous blood.
d Mann-Whitney-Wilcoxon test.
e Chi-sq or Fisher’s exact test.
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provided in the Supplementary material. The results from the multi
variable logistic regression are presented in Table 2. The final model 
includes five risk factors, many of which can be globally assessed in the 
early phases of resuscitation: age, TEWS≥7 (equivalent to SATS triage of 

Red), severe anatomic injury score (NISS>25), presence of abdomen/ 
pelvis anatomic injury (AIS≥2), and receipt of airway intervention. 
Notably, an initial TEWS≥7 was associated with 4.45 times the odds of 
7-day mortality (95 % CI 1.58–13.90, p = 0.01). This difference can be 
further appreciated through visualization of the covariate-adjusted 
survival curve (Fig. 2). The Cox proportional hazards model confirmed 
the findings of the logistic regression, with TEWS≥7, NISS>25, and 
airway intervention associated with elevated hazard of 7-day mortality 
(Table 3).

Discussion

This study identified risk factors for mortality among South African 
patients with penetrating NCTH who received care within a tiered public 
trauma system in the Western Cape Province. After adjusting for age and 
injury severity by NISS, elevated Triage Early Warning Score (TEWS≥7) 
and need for intubation were significantly associated with elevated 
hazard of 7-day mortality in the multivariable Cox proportional hazards 
model. Presence of abdominopelvic trauma was significant in the 
multivariable logistic regression model (p = 0.047), but not the pH 
model (p = 0.135). This study supports the current approach to trauma 

Table 2 
Multivariable logistic regression evaluating 7-day in-hospital mortality among 
patients with penetrating NCTH.

Characteristic OR (95 % C.I.)1 p-value

Age, years (continuous) 0.95 (0.89, 
1.00)

0.06

TEWS ≥7 (yes vs. no) 4.45 (1.58, 
13.90)

0.007

NISS >25 (yes vs. no) 4.35 (1.45, 
16.30)

0.015

Injury to abdomen or pelvis (AIS Abdomen/Pelvis≥2) 
(yes vs. no)

2.76 (1.03, 
7.74)

0.05

Airway Intervention (yes vs. no) 4.97 (1.94, 
13.20)

<0.001

1 Odds ratio (95 % confidence interval) 
TEWS: Triage Early Warning Score; NISS: New Injury Severity Score; AIS: 

Abbreviated Injury Scale.

Fig. 2. Covariates-adjusted survival probability plots by TEWS group (TEWS ≥ 7 vs TEWS< 7).
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triage, where patients with TEWS of ≥7 are classified as high acuity and 
flagged for immediate stabilization. The model finding that early airway 
interventions are associated with mortality (even after controlling for 
overall injury severity) requires further investigation. It remains unclear 
whether need for airway intervention represents a separate and additive 
measure of acuity, a potential quality improvement opportunity (e.g. 
potential under-resuscitation prior to intubation), or a combination 
thereof. Lastly, it is hypothesized that the presence of penetrating 
abdominal trauma poses a particular treatment challenge because of 
limited access to computed tomography and interventional radiology in 
this setting.

Optimal care of the trauma patient is vital for both individual and 
national financial security, given this pathology commonly afflicts the 
working population in LMICs. For every mortality, it is estimated that 
there are between 10 and 50 injured survivors, half of whom develop 
permanent disability [28]. Within the study cohort, victims of pene
trating NCTH were overwhelmingly young men injured by stab wounds 
or firearms. Publications from other hospital-based registries in Cape 
Town, Pietermaritzburg, and Johannesburg have noted a similar de
mographic distribution, attributable to complex socioeconomic and 
behavioural factors, including high rates of interpersonal violence, 
financial duress, and alcohol use in this subgroup [29–31]. Additionally, 
local epidemiologic data highlight the large overall burden of pene
trating trauma in South Africa. Lutge et al. (2016) found that 27 % of all 
emergency room visits in KwaZulu-Natal Province (KZN) were for 
trauma, and of these, 19 % were due to stab wounds and 2 % due to 
gunshot wounds. Over 80 % of penetrating trauma visits in KZN pre
sented to district and regional hospitals [32]. Zaidi et al. examined all 
cases that presented to a single district hospital EC in Western Cape over 
one month; 17 % visits were due to trauma, and of these, 16 % had stab 
wounds, and 7 % had gunshot wounds [33]. These studies suggest that 
the burden of penetrating trauma is substantial, with some regional 
variation, and that the district and regional hospitals may shoulder 
much of the volume.

In the present study, NCTH involved the chest most frequently, and 
thoracostomy tubes were commonly inserted as part of acute resusci
tation. The large caseload of thoracic trauma seen across the Western 
Cape has led to innovative management protocols for patients with 
thoracostomy tubes, including early physiotherapy to promote lung re- 
expansion (e.g., ambulation, exercise bicycles), and use of positive end- 
expiratory therapy devices such as gloves or bottles [34,35]. The 
intercostal drains used locally rely on dry seal valves, and are rarely 
connected to external wall suction, allowing for increased patient 
mobility. Local clinicians believe this strategy enhances earlier 
discharge from busy and overcrowded emergency centres and enables 
conservation of finite resources such as wall suction and trolley beds (Dr. 
H. Lategan, personal communication, October 2024,). The safety and 
effectiveness of this practice of early mobilization remains unknown, 

relative to other methods used.
Some trauma centres in the Western Cape also perform autologous 

transfusion using the intercostal drain system, wherein pleural cavity 
blood is salvaged and returned intravenously (provided there is no 
suspicion of diaphragmatic injury and associated risk of hollow viscus 
contamination) [36]. Haemothorax blood is a compelling source of 
blood products in trauma because it is immediately available and 
compatible. However, its safety remains controversial. Mixing studies 
demonstrated accelerated coagulation when haemothorax blood was 
mixed with a patient’s own plasma [37] In contrast, a multicentre 
observational study found no difference in 24 h INR or mortality when 
comparing patients who underwent autologous transfusion using hae
mothorax blood to matched controls [38]. Further research is required 
regarding the safety of autologous transfusion; however, this may 
represent a reasonable option for emergency transfusion in settings 
when other blood products are not available.

Among the 31 decedents in the study, half the deaths occurred within 
2 h of facility arrival, and haemorrhage was the primary cause of death 
in most cases based on autopsy. Blood products were administered 
judiciously in our cohort (median 760 mL given), whereas crystalloid 
was given more liberally (median 3 L). High-volume crystalloid resus
citation is associated with increased odds of mortality and morbidity 
secondary to dilutional coagulopathy, hypothermia, increased bleeding, 
and acute respiratory distress syndrome [39]. Meta-analyses have found 
that permissive hypotension with a target mean arterial pressure of 50 
mmHg may offer a survival benefit [40,41]. Additional tenets of damage 
control resuscitation include early identification of patients who will 
require massive transfusion (e.g. by using predictors of massive trans
fusion), transfusion of a balanced ratio of blood products or whole blood 
when available, and goal-directed correction of coagulopathy [42,43]. 
An encouraging development was that 18 patients within the study 
received whole blood from the blood bank at the major tertiary referral 
hospital. It remains unclear whether the deaths attributed to haemor
rhage in our cohort were related to potential under-recognition of hae
morrhagic shock, limited blood supply, delays to damage control 
surgery, or a combination of these factors. Annual preventable trauma 
death reviews, in which clinicians and public health experts across the 
Western Cape convene to discuss representative cases, are helping shed 
light on areas for quality improvement in relation to haemorrhage 
control [8].

Local emergency transfusion protocols in the Western Cape call for 
administration of freeze-dried plasma (FDP) in lieu of fresh frozen 
plasma (FFP) given the limited blood supply and relative affordability of 
FDP. FDP was administered in approximately 80 % of cases in this study. 
FDP is a powder form of plasma which contains coagulation factors 
relevant for haemorrhage control; FDP can be stored at room tempera
ture, has 2-year shelf stability, and can be quickly reconstituted, which 
makes it ideal for acute trauma resuscitation [44]. Bioplasma FDP 
(National Bioproducts Institute, Pinetown, South Africa), a 
pathogen-reduced ABO-universal plasma, has been used in South Africa 
since 1996, with over 370,000 bottles transfused with only 48 docu
mented adverse events, demonstrating a comparable safety profile to 
FFP [45,46]. More research is needed to determine the role of FDP 
within massive transfusion protocols. Previous studies from this area 
have suggested FDP has a role in early resuscitation but its optimal 
use-case remains unclear [44].

Tranexamic acid (TXA) was administered in only 55 % of the cohort, 
though all patients should have been eligible to receive it. The CRASH-2 
trial found that early TXA administration reduced mortality among adult 
trauma patients at risk for haemorrhage [47]. TXA was implemented 
into Western Cape Emergency Guidelines in 2013, but compliance has 
been suboptimal, and reasons cited for this include medication and 
equipment shortages, time delays to definitive care, and clinician hesi
tation [48]. Further process improvement efforts may be required to 
promote implementation of TXA.

This study has a few limitations. First and foremost, this was not a 

Table 3 
Cox proportional hazards model evaluating 7-day in-hospital mortality among 
patients with penetrating NCTH.

Characteristic HR (95 % C.I.)1 p- 
value

Age, years (continuous) 0.96 (0.92, 
1.00)

0.08

TEWS ≥7 (yes vs. no) 3.49 (1.41, 
8.66)

0.007

NISS > 25 (yes vs. no) 3.55 (1.20, 
10.60)

0.02

Injury to abdomen or pelvis (AIS Abdomen/Pelvis≥2) 
(yes vs. no)

1.75 (0.84, 
3.64)

0.13

Airway Intervention (yes vs. no) 3.49 (1.58, 
7.74)

0.002

1 Hazard ratio (95 % confidence interval) 
TEWS: Triage Early Warning Score; NISS: New Injury Severity Score; AIS: 

Abbreviated Injury Scale.
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comprehensive epidemiologic sample, as the study sites represent only a 
subset of the hospitals in the region. Importantly, patients who were 
dead on scene or who died during prehospital transport were not 
captured. An estimated 94 % of trauma deaths in the Western Cape occur 
on scene, mostly due to catastrophic injuries [49]. The risk factors for 
mortality identified here are applicable only to penetrating NCTH pa
tients that survive to facility arrival. Readers must be cognizant of sur
vival bias inherent to the sample when interpreting these results. 
Another limitation is the inability to determine the proportion of NCTH 
patients that had a surgical indication. This information was not avail
able in the medical record, and therefore could not be abstracted for this 
retrospective analysis. Strengths of the study include the homogeneity of 
the sample – as patients with severe traumatic brain injury and other 
extra-thoracic injuries were purposefully excluded – along with use of 
multivariable analysis to adjust for relevant confounders.

In conclusion, risk factors for mortality among South African patients 
with penetrating non-compressible torso haemorrhage include high 
triage scores, early airway intervention, and presence of abdomi
nopelvic injury. Recognition of these factors could trigger earlier actions 
by local clinicians (e.g., airway protocols and early blood products) and 
the health system (e.g., EMS bypassing or rapid transfer protocols) to 
help avert patient deaths. Future studies will prospectively evaluate why 
airway interventions and abdominopelvic injuries appear to confer 
elevated mortality risk and to identify what health systems interventions 
should be introduced. A multi-sector approach is required to address the 
morbidity and mortality associated with penetrating torso trauma and 
other traumatic conditions, including primary prevention to reduce 
interpersonal violence, improved trauma referral pathways, and more 
robust human resources and infrastructure within healthcare facilities 
[50]. We join local experts in advocating for a national trauma registry 
to help fill local evidence- and policy-gaps and to help identify oppor
tunities for quality improvement.
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