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Introduction
Traumatic brain injury (TBI) is a brain dysfunction caused by 
a violent blow to the head. The damage can be open or closed.1 
TBI is a growing international public health problem. In 
injured patients, TBI results in the greatest overall mortality 
and disability globally.2 Patients are classified as having 
mild TBI if Glasgow Coma Scale (GCS) is 13–15, moderate 
if GCS is 9–12 and severe if GCS < 9.3 However, GCS alone 
does not predict intracranial computer tomographic findings 
and also ignores the impact of associated injury. TBI can 
also be classified in terms head-specific abbreviated injury 
score (AIS), where a score of 1 refers to minor injury, scores 
of 2 moderate injury, and scores of 3–6 severe TBI. Injury 
severity score (ISS) is obtained by squaring each score for 
the three worst injuries in each of three body regions. A score 
of 16 or greater denotes severe injury.4 A TBI with a score of 
3 or greater on the AIS is considered a severe TBI, especially 
when combined with one or more other moderate injuries in 
other regions, resulting in an ISS of equal or more than 16.

In low-to middle-income countries (LMICs) there is 
epidemiological and outcome data reported on TBI. Some 
scoping and systematic reviews have been conducted. A 
scoping review of 107 studies in sub-Saharan Africa by 
Adegboyega et al.5 revealed that TBI affects all age groups 
and sexes but was more common among young males 
between 20 and 40 years. Motor vehicle crashes (MVCs) 
caused TBI and craniectomies were the most commonly 
reported surgical treatment at 18.7%, followed by burr hole 

(7.5%). A systematic review of 136 articles on paediatric 
TBI also revealed that the most common mechanism of 
injury was MVC at 39%.6 A systematic review of 12 articles 
by Ryan-Cocker et al.,7 specifically addressing MVCs, 
found that the cost of illness was R200 498.30 with half of 
the included articles utilising both direct and indirect costs 
while the other half were only direct costs and only 1 covered 
rehabilitation costs. A systematic review of 13 articles with 
full economic evaluations in LMICs by Wesson et al.8 found 
that the mean cost of injuries ranged between R243.25 and 
R302  325.00. There were six articles examining MVCs, 
four including prehospital trauma care, two hospital-based 
trauma care and one only examined drowning. A study by 
Hode et al.9 on isolated traumatic brain injuries on direct 
medical costs without rehabilitation revealed that the cost 
for severe TBI was R10 585.00.

In South Africa, several studies on epidemiology and 
costs of TBI have already been conducted. A study in 
Pietermaritzburg found that the mechanism of injury of 
TBI was mainly interpersonal violence (39.4%), followed 
MVC/PVC (30.7%). The total direct costs over a 2-year 
period were R62  000  000 for isolated head injuries. The 
costs included analgaesia, laboratory, CT scan and cost of 
hospital stay but without including rehabilitation costs.10 
Another study conducted in Durban, KwaZulu-Natal 
(KZN), found that in MVC/PVC patients admitted to the 
quaternary trauma ICU, the head was the most commonly 
injured region (26%), followed by chest (23%). The average 
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cost per admission was R163 879.65 and average inpatient 
per day of R12 727.56.11 In that study mainly direct costs, 
which included procedure cost, medications, ICU costs, 
CT scan, laboratory costs, compensation of employees and 
goods and services, were assessed, again without including 
rehabilitation costs. 

Limpopo Province has a population of 6 million. As a 
rural province, 85% of the population rely on public health 
facilities. There are no published cost studies in the under-
researched province of Limpopo. Therefore, the aim of the 
study was to calculate the economic costs resulting from 
severe trauma (ISS > 16) in those with brain injuries as part 
of the injury pattern, in Limpopo Province. 

Methods

Study design and setting 
This was a retrospective cohort study conducted at 
Pietersburg Hospital from 1 January 2019 to 31 December 
2020. Pietersburg Hospital is the only neurosurgical referral 
hospital in Limpopo Province. This hospital has 500 beds 
and 8 theatres. Trauma patients are managed either in ICU 
or general wards. There is no high care ward.

Study participants
All patients who sustained a TBI and with an ISS  >  16 
were included. Excluded were patients with incomplete 
documentation and those who died at the scene prior to 
hospitalisation. 

Data collection
Theatre registers were the initial point for identifying those 
who met inclusion criteria. Additional data were obtained 
from the ICU and neurosurgical wards. A pre-defined data 
collection tool was used to collect information from theatre 
registers, ICU and the neurosurgery department. 

Costs
This cost analysis used a dual method. Micro-costing 
(bottom-up approach) collects all the resources and adds 
all individual costs to achieve a total cost. Gross costing 
(top-down approach) estimates the cost per patient by 
retrospectively obtaining the cost of resources consumed. 

Baseline costs were determined by the unified patient fee 
used in the state sector.

The direct cost-drivers, which included operative 
procedures, ICU stay, ward stay, drugs (analgesia, antibiotics, 
anti-epileptics and anticoagulants), blood tests, radiological 
investigations, blood transfusions and prehospital care 
transportation cost, intravenous fluids used, resuscitative 
procedures and oxygen administered, were calculated for 
each individual patient that met inclusion criteria. Formulae 
were used in keeping with the bottom-up approach and the 
costing model is shown in Table I. 

Data analysis
Descriptive statistics were used to describe the demographic 
and clinical characteristics of the study participants. It 
included means and standard deviations for continuous 
variables, and frequencies and percentages for categorical 
variables. Inferential statistical methods were also employed 
to determine the effect of demographic and clinical factors 
on the total medical costs of patients. The comparison of 
mean costs between two-group variables (i.e. variables with 
only two outcomes) was determined using independent 
samples t-tests (i.e. sex, ICU stay, surgical procedures 
performed, etc.). Statistical significance was set at p < 0.05. 
All analyses were performed using IBM SPSS Statistics 
version 28.0 (IBM, Armonk, NY). Micro-costing calculated 
costs such as components, e.g. imaging, laboratory tests, 
surgical costs and ICU costs. The prehospital transfer costs 
for transfer to the tertiary facility were included as follows: 
transportation, in-transit interventions, medication and 
oxygen. Compensation of employees and services such as 
total salaries for medical doctors, nurses, allied health staff 
and administrative staff, goods and services which included 
cleaning and food, surgical consumables which included 
catheters, gloves, equipment, surgical devices (intracranial 
pressure monitors and intermittent pressure pumps) and 
nutrition (enteral and parenteral) calculated as gross-cost. 
Gross costing once accumulated was divided by number of 
inpatient days and multiplied by each patient length of stay 
in the unit and then equalised to total gross costing fee per 
patient. The micro-cost and gross-cost were added together. 
The cost per admission was the summation per each ICU or 
ward patient. The average cost per inpatient was total costs 
of patients divided by length of stay. 

Results
The retrospective review identified 83 patients with all forms 
of TBI. Males contributed 91.6% of patients. The mean age 
was 30 years. The most common mechanism of injury was 
assault with a blunt object at 54.2%, followed by MVC at 
16.9%. This is outlined in Table II. The mean length of stay 
(LOS) in ICU was 14 days, while LOS in the ward was 9.2 
days. This is outlined in Table III. All the patients had severe 
injury according to ISS, with a TBI present, irrespective of 
severity. 

The mechanism of injury with the longest mean length of 
stay both in ICU and the wards was PVC as shown in Table 
III.

The most common diagnosis at the time of CT scan 
imaging was epidural haematoma (EDH) (51.8%) with or 
without associated skull fracture, followed by isolated skull 
fracture (19.2%). This is documented in Table II. Extracranial 
injuries contributed 6% of all the cases. Lung was involved 

Table I: Costing model

Cost driver Values in Rands/calculation methods

Cost of procedures done Cost per procedure X n of patients

Cost of blood transfusion Each unit X n of patients

Cost of radiology R5000 per CT scan X n of patients
R800 per X ray X no of patients

Cost of anti-epileptic drugs Each dose X n of days X n of patients

Cost of analgesia Each dose X n of days X n of patients

Cost of antibiotics Each dose X n of days X n of patients

Cost of anticoagulant Each dose X n of days X n of patients

Cost of prehospital care R4000/h X n of patients

Laboratory costs R2000 X n of patients

ICU stay costs R12000/day X mean n of days X n of 
patients

Ward stay costs R3000 X mean n of days X n of patients
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in 1 case, spine 2 cases, femur 1 case and mandible l case. 
Compound fractures constituted 21.6% of all the cases. The 

74 surgical procedures performed included craniotomies for 
evacuation of EDH (45.6%), followed by craniectomy for 
skull fracture (24.1%). Admission into ICU was 21.0%. 

The total micro-cost for ICU was R3 689 108.00 while for 
the ward admissions costs were R3 148 194.3. The major 
cost drivers were length of stay (in-hospital bed cost) in both.

The most expensive drug used in ICU was valproate, 
while in the ward it was phenytoin. 

The statistical tests did not produce significant results 
(p  >  0.05) which indicates that these factors did not 
contribute significant cost variations as shown in Table VI.

The gross cost for all patients was R100  004  499.50. 
Compensation of employees and services was 
R151  054  275.00, goods and services (cleaning, building 
and food) were R14 387 449.50 and surgical consumables 
(catheters, gloves, enteral and parenteral nutrition, surgical 
equipment including pumps and intracranial pressure 
monitors) were R10 089 913.00. The cost per ICU patient 
was R10 885 577.00 and for ward patients was R15 648 194. 
The average cost per ICU admission was R572 925.00 and 
for ward stay was R244 503.00.

Discussion
There are very few studies which estimated TBI costs 
in LMICs. A Pietermaritzburg study found that the most 
common cause of TBI was interpersonal violence (39.4%) 
and the total cost over a 2-year period was R62 000 000.10 
Among the two methods, the micro-costing approach is 
considered the gold standard.10 In South Africa, cost analysis 
studies can only estimate the economic impact of violence 

Table II: Demographic and clinical characteristics of the study 
participants

Characteristic n (%)

Age (M(SD)) 29.8 (11.7)

Sex
Male 
Female

76 (91.6)
7 (8.4)

Mechanism of injury
Assault with a blunt object
MVC
Assault with a sharp object
PVC
Fall

45 (54.2)
14 (16.9)
12 (14.5)
8 (9.6)
4 (4.8)

Diagnosis type
EDH
Skull fracture with raised intracranial pressure
SDH
SAH
DAI
Skull/EDH
Skull/SDH
Skull/SAH
Skull/mandible
Skull/humerus
Skull/femur
DAI/lung contusion
EDH/spine injury
EDH/femur
SAH/spine injury

42 (50.6)
18 (21.8)
8 (9.6)
2 (2.4)
1 (1.2)
1 (1.2)
2 (2.4)
2 (2.4)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)
1 (1.2)

Surgery procedure
Craniotomy
Craniectomy
ORIF mandible
ORIF humerus
Skin traction
None

51 (61.4)
20 (24.1)
1 (1.2)
1 (1.2)
1 (1.2)
9 (10.8)

ICU Stay
Yes 
No

18 (21.7)
65 (78.3)

Blood transfusion 
Yes
No

10 (12.0)
 73 (88)

Radiology done
Yes
No

83 (100)
 0 (0.0)

Outcome
Good
Mortality

82 (98.8)
1 (1.2)

M – mean, SD – standard deviation, EDH – epidural haematoma, SDH – subdural 
haematoma, SAH – subarachnoid haemorrhage, DAI – diffuse axonal injury, 
ORIF – open reduction and internal fixation, ICU – intensive care unit, MVC – 
motor vehicle crash, PVC – pedestrian vehicle crash

Table III: Mean length of stay per mechanism of injury

Mechanism of injury ICU days 
(mean length of 

stay)

Ward days 
(mean length of 

stay)

Assault with a blunt object 12.6 7.0

MVC 9.8 9.7

Assault with a sharp object 6.5 7.9

PVC 27.2 12.25

Fall 0 9.25

Total 14.0 9.2

Table IV: Total micro-costs of individual cost drivers

Variable ICU patients (Rands) Ward patients (Rands)

Craniotomy 187 000 547 000

Craniectomy 28 800 244 800

ORIF 000 18 000

Skin traction 0000 6 000

Blood transfusion 37 740 12 580

Radiology 125 400 354 000

Drugs 31 331.8 71 564.93

Prehospital costs 76 000 256 000

Laboratory costs 38 000 128 000

Hospital stay 3 168 000.00 1 510 000

Total 3 689 108.00 3 148 194.3

Table V: Costs of individual drugs

Variable ICU (Rands) Ward stay (Rands)

Phenytoin 7 590.00 28 713.00

Valproate 10 106.00 16 210.00

Cefazolin 349.56 3 007.53

Co-amoxiclav 768.90 4 830.90

Ceftriaxone 1 346.00 7 620.20

Meropenem 4 200.00 00

Amikacin 368.00 000

Tramadol 2 050.00 11 530.00

Paracetamol IV 400.00 00

Low molecular weight heparin 800.00 800.00

Total 27 968 71 564.00
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(trauma) because of paucity of detailed data.12 In the SA 
setting, 82% of the population rely on public health services 
therefore health information, e.g. cost analysis, is crucial in 
planning, implementation, evaluation and management of 
healthcare resources.13-15 In the current study, young males 
were the most affected. Young males seem to be the most 
socially and economically active thus making them the most 
vulnerable victims of trauma. More social and educational 
programmes should be targeted to this group. The patient 
population in the current study is consistent with studies by 
Ogunleye et al.16 and Amare et al.17 which reported mean age 
of 37 years and 30 years respectively. 

The most common mechanism of injury was assault 
at 68.9%. This concurs with the fact that there are more 
intentional injuries than non-intentional injuries in South 
Africa. This is due to free availability of weapons. There 
should be more prevention programmes aimed at reducing 
the burden of this kind of trauma, to reduce healthcare 
expense. More focus should be on improved law enforcement 
policies, adequate education and poverty eradication. This 
is consistent with studies by Messelu et al.18 (54%) and 
Ramdheen et al.19 (59. 7%). The most common radiological 
diagnosis was epidural haematoma (EDH) (49.4%). This 
is particularly strange because most local studies showed a 
predominance of subdural haematoma (SDH). This may be 
due to the way the assault cases happen, with direct blows, 
or may reflect a referral pattern unique to the Limpopo 
Province, with limited neurosurgical capacity. This finding 
is consistent with findings by Motah et al.,20 where the rate 
of EDH (31%) exceeded that of SDH (23.7%). This finding 
is contrary to previous studies by Maegele et al.21 and Tran 
et al.22 that demonstrated that SDH was the most common 
pathology at 47.1 % and EPH (9.6%), and 26% SDH and 
11.7% EPH respectively; however, both of these studies 
were from high-income regions. 

Locally, Tau et al.23 also reported the most common 
pathology to be SDH at 40% and EDH at 15%, Mamo et al.24 
also reported a predominance of SDH at 24.8% and EDH 
at 22.8%, while Groshi et al.25 reported a predominance of 
intracerebral haemorrhage of 48%, SDH (42%) and EDH 
(8%). The most common surgical procedure performed was 
evacuation of EDH in 45.6%. This is not surprising since it 
is the most common radiological diagnosis. This obviously 
raises the general financial costs in this cohort of patients. 
This is consistent with Global Neurotrauma Outcomes 
Study (GNOS) by Clark et al.26 which reported that the 
most common procedure was evacuation of supratentorial 
haematoma at 31%. 

In the study, the cost per each TBI admission was 
R572  925.00 for ICU admission and R244  503.00 for 
patients admitted in the wards. These costs are generally 
higher than those reported in many countries. Some of the 
costs reported are only based on micro-costs and do not 
include gross costs. The other reason why the costs appear 
higher is the fact that the mean length of stay of patients 
appears longer. The major cost driver was compensation of 
employees which included salaries of medical specialists 
and specialist nurses. In comparison with other previous 
studies, the ICU costs are higher than Mahomed et al.27 
(R245 087. 00) in a combined ICU, who tend to have longer 
hospital stays due to seriousness of their illness (they used 
mixed methods assessment without rehabilitation and 
indirect costs), Fountain et al.28 which included complex 
neurosurgical patients requiring extensive interventions 
and where direct cost for both ICU and ward patients with 
71.3% isolated head injuries (R485 276.00), but lower than 
Te Ao et al.29 from New Zealand with isolated severe head 
injuries (R660 334.68 for ICU and general ward costs with 
direct costs including rehabilitation and indirect costs).26 It 
is significantly higher than Pillay et al.11 (R163 879. 00) in 
trauma ICU (with mixed methods without rehabilitation and 
indirect costs), and Mahomed et al.27 (R157 883. 00). Also, 
the general ward costs are expectedly higher than an earlier 
study by Norberg et al.30 costing firearm injuries (with 16% 
isolated head injuries and including both ICU and ward cost) 
per patient per day at R7 286.70 and average per admission of 
R42 207.65 (which did not include staff salaries, laboratory, 
pharmacy and rehabilitation) and was conducted 14 years 
prior to the current study. 

The costs of treating patients in a trauma centre are high 
and as part of this PhD study, one of the objectives was 
to look at possibilities of establishing a trauma system in 
Limpopo Province and investigate the trauma costs. The 
context is that return to functional community participation 
is higher in those treated in a well-designed trauma system. 
Future research should be aimed at identifying key factors 
which lead to increased occurrence of head injuries, the 
delay in patients obtaining CT scans and reviewing of the 
rehabilitation process and associated cost thereof. Trauma 
systems are underdeveloped in most countries of sub-
Saharan Africa, and the average healthcare spending is low 
on trauma care, thus efficient and cost-effective planning is 
essential. Although treatment at a level one trauma centre is 
expensive, the benefits of this approach in terms of lives and 
quality adjusted life years outweighs costs.30,31 

Table VI: Independent samples t-test of cost differences by clinical and demographic variables

Grouping variable T Mean difference p-value 95% CI (Lower; Upper)

Sex 0.777 42 680.30 0.440 (-66644.46; 152005.06)

Surgical procedure done 0.142 6 974 347 0.888 (-91086.8; 105035.07)

ICU stay -0.578 -21 437.74 0.565 (-95 279.20; 52 403.72)

Ward stay 0.385 54 084.38 0.701 (-225 157.93; 333326.68)

Blood transfusion -0.118 -5 549 925 0.906 (-99 217.05; 88 117.21)

CT 0,394 55 330 390 0.694 (140 338;89; -223899.98)

CXR -0.378 -1 6476 972 0.706 (-103 109.81; 70 155.86)

Outcome 0.385 54 084.38 0.701 (-225 157.93; 333 326.68)
CT – computed tomography, CXR – chest X-ray, ICU – intensive care unit, t – t-statistic, CI – confidence interval
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Limitations
It is a single centre study and there may be selection bias. 
The other main cost drivers, such as loss of income and 
rehabilitation costs were not considered; however, this 
is evidence of the limitations and underestimation that 
such costing studies create. Finally, the underuse of low 
molecular weight heparin in this patient cohort is not in 
line with standard of care and is an opportunity for clinical 
improvement.

Conclusion
The most common mechanism of injury is assault. The cost 
of treating patients with TBI is significant and affects the 
health budget in the rural setting, namely ICU admission 
per patient of R572 925.00 and ward stay per admission of 
R244 503.00. 
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