
Introduction
Traumatic brain injury (TBI) is a major public health problem 
in South Africa (SA).1

It is one of the leading contributors to morbidity and 
mortality of children both locally and internationally.2,3,4 
Reports suggest that children less than (<) 4 years of age 
are the most vulnerable to sustain TBI and in almost all 
instances these injuries are preventable.4 An acute extradural 
haematoma (AEDH) is defined as accumulation of blood 
between the inner table of the skull, including its periosteal 
layer and the dura mater (Figure1).5 AEDHs occur relatively 
infrequently in children, but when they do occur, they present 
as an emergency and can have devastating consequences when 
not treated timeously. The Province of KwaZulu-Natal (KZN), 
which has an area of 94,361 km2 and an estimated population 
10.69 million, has only one Neurosurgery Unit (NU), which 
is located at Inkosi Albert Luthuli Central Hospital (IALCH) 

and provides the only public sector paediatric neurosurgery 
service in this Province.6 We undertook this retrospective 
study to evaluate our experience with AEDHs in children 
in this single unit with respect to their clinical presentation, 
management and outcomes over a 12-year period. 

Materials and methods  
This was a retrospective review of medical records of 
all children (age less than or equal to (≤) 12 years) with 
a diagnosis of traumatic AEDH admitted to the NU at 
IALCH from January 2003 to December 2014. The records 
were reviewed for demographics, mechanism of injury, 
clinical presentation, Glasgow coma scale (GCS), pupillary 
reactivity, haemoglobin (Hb) on admission, computerized 
tomography (CT) scan findings, associated intracranial 
haematomas, extracranial injuries, management and 
outcomes at discharge using the Glasgow outcome scale 
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(GOS). The GOS was categorized as favourable (GOS 4-5) 
and unfavourable (GOS 1-3).7

The inclusion criterion used was the diagnosis of only 
post-traumatic AEDHs. Children older than 12 years of age 
were excluded from the study. A CT brain scan was utilized 
to make the diagnosis of an AEDH and was performed either 
at the referring hospital or at IALCH when facilities were 
not available at the base hospital. Indications for surgery 
and conservative management used in our unit were based 
on the surgical management of TBI guidelines.8 Surgical 
management consisted of a craniotomy or craniectomy 
performed under general anesthesia. Postoperatively, 
children were managed either in the intensive care unit 
(ICU), when neurocritical treatment was indicated as per 
Brain Trauma Foundation guidelines9,10 or in the paediatric 
high care ward. Children who were managed conservatively 
were admitted into the latter ward where strict neuro-
observations were performed. We undertake a measured 
approach when performing follow-up CT brain scans in 
those children managed conservatively and each case is 
individualised based on the clinical condition of the child, 
as exposure to repeated radiation in young children is of 
concern in our unit.11 The study was granted ethical approval 
by the Biomedical Research Ethics Committee of the 
University of KwaZulu-Natal (Ref BE 449/14).

Statistical analysis
Descriptive statistics such as frequencies, proportions, mean, 
standard deviations and percentages were used to summarise 
the data. Fisher’s exact test was used for categorical data when 
indicated. A p < 0.05 was considered statistically significant.

Results 
The NU at IALCH admitted a total of 1805 cases of traumatic 
AEDHs from January 2003 to December 2014, and 150 (8%) 
of these were diagnosed in children. The annual admission 
rate is shown in Figure 2. The mean age was 6.6 ± 3.8 years 
(range 1 month to 12 years). The peak incidence was in the 
7 to 9-year age group (Figure 3). There were 84 (56%) boys, 
giving a male to female ratio of 1.3:1. 

The mechanisms of injury are shown in Table 1. Headaches 
(46; 31%) were the most common clinical presentation 
followed by vomiting (38; 25%), seizures (25; 17%) and 
irritability (17; 11%). The median GCS on admission 
was 15 (range 3-15).  The GCS was 13-15 in 104 (69.3%) 
children, 9-12 in 26 (17.3%) and 3-8 in 20 (13.4%).  Clinical 
examination revealed subgaleal haematomas (77; 51%), 
hemiparesis (21; 14%) and dilated non-reactive pupils  
(14; 9%). There was unilateral pupillary dilatation in 12 
children and it was bilateral in two. 

The mean Hb on admission was 10.5 ± 2.3 g/dl (range 3.1-
15.8 g/dl). One hundred and thirteen (75%) children presented 
with Hb greater than or equal to (≥) 10 g/dl, 19 (13%) with Hb 
of 8-9.9 g/dl and 18 (12%) with Hb < 8 g/dl on admission. Of 
the children with Hb < 8 g/dl, 10 (56%) were < 1 year of age 

and 8 (44%) were ≥ 1year of age (p < 0.001). All 10 infants 
had associated subgaleal haematomas. Twenty-nine (19%) 
children required blood transfusion during the admission 
period. 

Thirteen (9%) children presented with associated 
extracranial injuries mainly orthopaedic injuries (11), 
including fractures of the tibia (5), femur (2), humerus (2) 
and clavicle (2). The other two children suffered from rib 
fractures with underlying pneumothorax and lung contusion 
respectively. The CT brain scan findings are shown in Table 2. 
Surgical management in 125 children (83%) involved 
craniotomy (105) and craniectomy (20), while the other 25 
children were managed conservatively. The mean duration 
of the surgical procedure was 2 ± 0.7 hours (45 minutes to 
5.3 hours). Intraoperatively, an active bleeding source was 

Figure 1. A non-contrast CT brain scan showing a biconvex 
left tempero-occipital hyperdense collection in keeping with 
an AEDH, with associated left subgaleal haematoma in a 
9-month-old infant
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Figure 2. A graph showing number of  admissions per year of 
children diagnosed with AEDHs (Total number =150) 
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Table 1: Mechanism of injury 

Mechanism Number %

*RTC 60 40
•	 Pedestrian 37
•	 Passenger 13
•	 Ejection from the cargo area of a open  

pick-up truck 10

Falls 57 38
Assault 20 13.4
Bicycle accidents 6 4
Object falling on the head 5 3.3
Child abuse 2 1.3

*RTC= road traffic crashes.

Table 2: CT scan findings

Number %

1. *AEDH location

•	 Parietal 57 38

•	 Frontal 40 26

•	 Parieto-occipital 15 10

•	 Tempero-parietal 15 10

•	 Fronto-parietal 7 5

•	 Occipital 6 4

•	 Fronto-temporal 4 3

•	 Temporal 3 2

•	 Posterior fossa 3 2

2. Associated skull fractures 117 78

A. Closed 109 93

•	 Linear 87

•	 Depressed 22

B. Compound 8 7

•	 Depressed 7

•	 Linear 1

3. Associated intracranial hematoma 15 10

•	 †ICH 14 9.3

•	 ‡ ASDH 1 0.7

*AEDH= acute extradural haematoma; †ICH= intracerebral haematoma; ‡ ASDH=acute subdural haematoma.
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identified in 68 (54%) children, which was venous in 55 
(81%) and arterial (middle meningeal artery) in 13 (19%). 
The venous sources of bleeding were: (i) fracture site (28), (ii) 
dura (18) and (iii) superficial venous sinuses (9). 

Thirty-four (21%) children were admitted into the ICU for 
both ventilation and intracranial pressure (ICP) monitoring 
(23) and for ventilation and resuscitation only, without ICP 
monitoring (11). The mean ICU stay was 4.5 ± 3.6 days 
(range 1-18 days). Three (2.4%) children had re-accumulation 
of the AEDH during the immediate postoperative period and 
were taken back to theatre for re-evacuation, whilst one child 
developed post-traumatic hydrocephalus which required 
ventriculoperitoneal shunting. The mean hospital length of 
stay was 6.9 ± 6.1 days (range 1-36 days). Ten (6.7%) children 
were referred to child protection services for investigation of 
the circumstances of their injuries and assessment of the home 
environment.  The GOS was favourable in 141 (94%) children 
and unfavourable in 9 (6%). Four (2.7%) children died as a 
consequence of their injuries and their profiles are shown in 
Table 3. None of the children who died had been managed 

conservatively.  Of the 146 children alive at discharge only 44 
(30%) were followed-up with a mean follow-up period of 2.4 
± 1.9 months (range 1-9 months). All had a favourable GOS 
of 5 at follow-up.

Discussion 
Our study shows that AEDHs occur less frequently in children 
when compared to adults in our environment. The reason 
is that the dura mater is more tightly adherent to the inner 
table of the skull in children, limiting the potential space for 
accumulation of haematomas.12 Our results show AEDHs 
are even less common in infants making up 12% of children 
affected in our study.

In a local study by Okyere-Dede et al., only 1% of 78 
children with intracranial haematomas admitted in a General 
Pediatric Surgical Unit had AEDHs and these were referred for 
neurosurgical intervention.13 The main mechanism of injury 
resulting in AEDHs in this series was road traffic crashes 
(RTCs). Interestingly, previous reports of the SA experience 
by Pillay et al. 20 years ago, showed a preponderance of falls 
over RTCs.14 The higher prevalence of RTCs in our study 
can be explained by an increase in the number of cars in the 
streets of SA over the last two decades, a testament to rapid 
urbanization. This also highlights the contribution of RTCs 
to mortality in SA, with reports putting the annual mortality 
rate of children involved in RTCs at 3.89 per 100 000.15,16 The 
World Health Organization (WHO) identified falls as one of 
the leading causes of death in children especially those under 
the age of 6 years.17 Infants and toddlers tend to fall from beds, 
or are accidentally dropped by preoccupied caregivers. As 
children grow up and become more adventurous, they tend to 
fall from trees and buildings.  Assaults by peers or child abuse 
cases are worrying phenomena, and require investigation 
by the child protection services after stabilization of the life 
threatening injuries, in order to limit violence against children. 
The clinical presentation of children with AEDHs is variable 
and can be non-specific, ranging from asymptomatic to 
mildly symptomatic (with headaches, nausea, irritability and 
vomiting) to altered level of consciousness, thus emergency 
physicians should be on high alert when assessing children 

Table 3: Profile of the four children (2.7%)  who died 

Age *MOI GCS Dilated 
†NRP ‡ECI

Associated 
intracranial 
haematomas

Hb (g/dl) Hypotension Hypoxia

6 months Fall 12 None None None 5 Yes None

2 years Fall 3 Bilateral None None 8.2 Yes Yes

6 years §RTC 3 Bilateral None None 10.9 Yes Yes

9 years RTC 6 None None None 10.7 Yes Yes

*MOI =mechanism of injury; †NRP =non-reactive pupil; ‡ECI =extracranial injury; §RTC= road traffic crashes.
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Figure 3. Age distribution (years) of children  with AEDHs 
showing peak incidence in the 7 to 9-years age group
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with TBI. The majority of children in our unit presented 
with a good GCS, as young children tolerate an increase in 
ICP better than adults since the source of bleeding is mainly 
venous, causing gradual haematoma expansion in contrast to 
rapid arterial haematoma expansion commonly experienced in 
adults.18 Young children also have open fontanelle and large 
extra-cerebral spaces, which aid to accommodate raised ICP.18

Subgaleal haematomas were present in 51% of children in 
this series and they are of particular significance in infants 
as accumulation of blood in the subgaleal space can result 
in hypovolaemia and anaemia, because of an infant’s small 
total blood volume.19 However, when a child presents in 
hypovolaemic shock with anaemia following TBI, other 
sources of blood loss such as abdominal organ injuries or 
long bone fractures should be excluded and it is imperative 
that blood products should be available on standby when 
young children, in particular infants, are taken to theatre 
for evacuation of AEDHs. In our study, we identified skull 
fractures in 78% of children, which is a significant finding as 
the skull in children has abundant diploic veins making these 
the main source of bleeding.18 

The majority of AEDHs are managed surgically, 
with craniotomy being performed more frequently than 
craniectomy.20 Vigilant postoperative observations are 
essential as there is always a risk of re-accumulation of the 
haematoma in the immediate postoperative period as was the 
case in 2.4% of children in our series. However, these were 
detected timeously and addressed appropriately with no 
associated morbidity and mortality. Successful conservative 
management has been reported by other authors and was not 
associated with morbidity and mortality in our series.21

The mortality rate in our study was 2.7% which falls within 
the reported rate of 0-12%.5, 8,12, 20, 21 The variation in mortality 
rate is secondary to unique regional referral patterns, ease of 
access to CT scans, pre-hospital management, time to surgery 
and postoperative care across different NUs. Admission 
GCS of < 8, bilaterally dilated non-reactive pupils, sustained 
hypoxia (PaO2 < 60 mmHg or oxygen saturation < 90%) and 
hypotension (systolic blood pressure below the 5th percentile 
for age) are amongst the predictors of a poor outcome;8,10 

and these contributed to mortality in our study. The injured 
brain in children is vulnerable to hypotension due to loss of 
autoregulation resulting in decreased cerebral perfusion, the 
end result being irreversible cellular damage.22 These can 
be prevented or have their effect ameliorated by applying 
Advanced Trauma Life Support (ATLS®) principles at initial 
assessment with emphasis on airway control with intubation 
when indicated, ensuring adequate ventilation, maintaining 
appropriate haemodynamic status and cerebral perfusion 
pressure followed by prompt evacuation of the AEDH. 

This study does have some limitations. The retrospective 
nature of the study makes it inherently vulnerable to bias. The 
results are from a single NU and focused on children treated in 
the public health sector in KZN and excluded children treated 
in private hospitals and those not accepted for treatment at 
IALCH. Trauma is not routinely followed-up in our unit, 
making it difficult to assess long-term functional status.  

Conclusions
Children account for 8% of patients with AEDH in the 
NU in KZN. These lesions carry a good prognosis, but 
can potentially be fatal. It is incumbent on the emergency 
physicians to be vigilant when assessing children with TBI, 
as symptoms of AEDHs can often be non-specific especially 
in infants and toddlers. Treatment yields gratifying results 
when diagnosed and treated in a timely fashion. The injury 
mechanisms in our setting are preventable and we recommend 
that government departments, i.e. health, transport and child 
protection services, work together with communities in 
crafting and implementing strategies to firstly prevent these 
injuries and lastly to improve outcomes.
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