Minor traumatic brain injuries –
what is new?
Minor traumatic brain injuries have been the topic of an extensive
body of literature in recent years.
Daan den Hollander, Artsexamen (Amsterdam) , FCS (SA)

Consultant Trauma Surgeon, Trauma Unit, Inkosi Albert Luthuli Central Hospital (IALCH) and Department of Surgery, Nelson Mandela
Medical School, University of KwaZulu-Natal, Durban
Daan den Hollander qualified in medicine at the University of Amsterdam, the Netherlands, in 1984. He specialised in surgery in Amsterdam, the UK,
and South Africa. Daan worked as a general surgeon at McCord Hospital in Durban and Stanger Provincial Hospital before joining the staff of the
Trauma Unit at IALCH in 2007. His current interests are paediatric trauma, injury prevention and resuscitation.

Jason A Coventry, MB ChB, DA (SA)

Registrar, Department of Neurosurgery, Inkosi Albert Luthuli Central Hospital, University of KwaZulu-Natal, Durban
Jason Coventry worked as a part-time doctor for Natal Rugby Union and the Sharks from 2000 to 2007. During the same period he was also a GP/
Sports Practitioner in private practice at Entabeni. Jason joined the Department of Neurosurgery, IALCH, as a registrar in neurosurgery in 2008. His
interests are the management of concussion, especially in children, and spinal surgery.

Mike Du Trevou, MB ChB, FCS (SA), MMed

Consultant Neurosurgeon, Entabeni Medical Centre, Durban
Mike Du Trevou qualified as a neurosurgeon from the Department of Neurosurgery at the University of KwaZulu-Natal in 1987. After completing his
Master’s thesis in the management of stabbed heads he worked first in Glasgow and then in the Department of Neurosurgey at Wentworth Hospital,
Durban. He is currently in private practice at Entabeni Hospital, Durban, but also holds a part-time senior lectureship post in the Department of
Neurosurgery at the Inkosi Albert Luthuli Central Hospital.
Correspondence to: D den Hollander (daanhol@ialch.co.za/daan.dh@hotmail.com)

Research has concentrated on indications for neuroimaging,
management guidelines for sports-related concussion and sequelae
of minor traumatic brain injuries (mTBIs). Despite the emergence
of several guidelines there is little agreement on several important
issues, including the definition of mTBIs and concussion. There is
even less consensus on the management of mTBIs in children.
It was thought that guidelines formulated for adults could be
extended to children, but evidence is emerging that children
may react differently when sustaining a TBI.1 Children are more
prone to sustaining a TBI. The disastrous, but fortunately rare,
complication of diffuse cerebral swelling that may occur after mTBI
is described only in children. Children recover at a slower pace
than adults after an mTBI. If they are under the age of 2 the usual
signs and symptoms of TBI are more difficult to assess, and in one
series half of the infants who sustained an intracerebral injury were
asymptomatic.2

Children recover at a slower
pace than adults after an
mTBI.

Definitions

Most authorities define an mTBI in terms of the level of consciousness at the time of presentation after satisfactory resuscitation.
TBIs that occur in patients with a Glasgow Coma Scale (GCS)
of 13 or more are mTBIs. The most commonly used definition
of a concussion is that of the American Academy of Neurology:
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‘A trauma-induced alteration in mental status that may or may
not involve loss of consciousness (LOC).’3 Although mTBIs and
concussion are often used interchangeably, the term concussion
should be reserved for a patient with a ‘rapid onset of short-lived
impairment of neurological function that resolves spontaneously’.4
The 2nd International Conference on Concussion in Sport (ICCS)
distinguished between simple concussion, where the symptoms
resolve over 7 - 10 days, and complex concussion.3 This distinction
was however abandoned by the recently held 3rd ICCS as being
too simplistic.4 The conference panel stressed that 80 - 90% of
concussions in adults resolve within 7 - 10 days, although recovery
times in children ‘may be longer’.

With a policy of performing
CT scans on all children with
mTBI who require admission,
for each 7 significant
intracerebral injuries
diagnosed 1 fatal cancer
would be induced.

Identifying the child at risk

Intracerebral injuries are uncommon in children with mTBI.
Significant injuries occur in 1 - 3% of children hospitalised for
mTBI,5 and neurosurgery is required in less than 0.5%.6 Prompt

M inor traumatic brain injuries
recognition of such children is important as
early operation, where indicated, improves
prognosis. Although some researchers
have advocated a policy of computered
tomography (CT) scanning in all children
with TBIs,7 except in those with very minor
TBIs, this is undesirable, because:
• C
 T scanning in this age group often
requires procedural sedation. This in
itself is associated with adverse effect
rates of 0 - 31%8 when performed by
non-anaesthetists outside of theatre.
Although the majority of these are
minor and reversible, fatalities and
permanent neurological injury have
been reported.9
• C
 oncerns have been raised about
the oncogenic effect of CT scanning.
The lifelong risk of fatal cancer rises
exponentially with decreasing age at
CT scan, and for a 1-year-old has been
calculated as 0.07% for a CT scan of
the head.10 This would imply that, with
a policy of performing CT scans on
all children with mTBI who require
admission, for every 7 significant
intracerebral injuries diagnosed 1 fatal
cancer would be induced.

It has been
estimated that
more than half of
all concussions are
sports related.
The question therefore arises whether
children at low risk of intracerebral
injury cannot be recognised on a basis of
clinical signs and symptoms. Teasdale et
al.,11 in a study from the pre-CT scan era,
concluded that the main risk factors for
intracerebral pathology were an altered
level of consciousness and a skull fracture,
with a risk of 1 in 12 in the presence of
both factors, and of 1 in 13 000 in their
absence. The last decade has seen the
development of a large number of decision
rules for head-injured adults12-14 and
children.5,15-19 The decision rules differ in
the importance they assign to various signs
and symptoms, and in whether a positive
rule will directly indicate CT scanning
or whether a skull radiograph should be
done first. A comparison of the decision
rules for children highlights a number of
unresolved issues:
• W
 hat is the significance of LOC? Should
every patient with LOC be scanned
(PECARN (Pediatric Emergency Care
Applied Research Network))? If not,
what is a significant period for LOC (5
minutes, CHALICE (Children’s Head
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Injury Algorithm)), or is a history
of LOC insignificant (CATCH rule
(Clinical Decision Rule for the Use of
Computed Tomography of the Head))?
Dunning et al.,20 in a meta-analysis
of variables that predict significant
intracerebral injury in mTBI, found that
a history of LOC was associated with a
relative risk ratio of 2.23. In a study of
22 772 children with head injuries they
found that LOC of more than 5 minutes
had a positive predictive value of 0.45.5
However, inclusion of LOC in the
decision rule (CHALICE, PECARN)
does not increase the sensitivity of
the rule over those decision rules that
omit LOC (CATCH, NEXUS II study
(National Emergency X-Radiography
Utilization II Study)).

In Durban we use the following indications
for CT scanning: GCS ≤14 with either a
skull fracture or focal neurological signs;
a fixed dilated pupil; a scalp haematoma
in children under 2 years old; and any
decrease in GCS. GCS ≤14, skull fractures
or neurological symptoms, coagulopathy
and suspicion of non-accidental injury are
indications for admission.

Eighty to ninety
per cent of
patients suffering
a minor head injury
will recover within
7 - 10 days.

• I s there still a role for skull radiographs
in children with mTBI? The presence
of a skull fracture is associated with
a relative risk ratio for intracerebral
injury of 6.13.20 This raises the question
whether one should actively search for a
skull fracture. The American Academy
of Pediatrics, in their 1999 statement
on mTBI, argued that skull radiographs
should only be employed where CT
scanning is unavailable. With the
concerns raised about the cancer risk
of CT scanning, others, however, have
argued for using skull radiographs in
otherwise asymptomatic children with
a scalp haematoma after mTBI as a way
of reducing CT scanning, particularly in
those under 2 years of age.20,21

Much of the recent discussion around
mTBI has centred around sport-related
concussion. The ICCS in 2001, 20043 and
20084 is the leading authority in the field.
It has been estimated that more than half
of all concussions are sports related.6 Most
of the research deals with return-to-play
guidelines for professional athletes and the
role of neuropsychological testing in such
decisions. Only in its 2009 statement did
the ICCS identify children as a separate
group, and advised that all athletes,
whether professional or not, should be
treated similarly.

• I s vomiting after a head injury
an indication for head imaging?
Although all decision rules consider
(repeated) vomiting an indication for
neuroimaging, there seems to be scanty
evidence for this. Dunning et al.,20 in
their meta-analysis and own research,5
found no relationship between vomiting
and intracranial injuries. There seems
to be little evidence to retain vomiting
as an indication for CT scanning.
Furthermore, injured children have a
higher tendency to vomit than older
patients.

• F
 ull and speedy recovery of a concussed
child may be delayed, as they need
physical and cognitive rest.

• I n which children are scalp haematomas
a reason for head imaging? Greenes
and Schutzman,2 in a prospective study
of children up to 2 years with mTBI,
observed that 14 of 30 (48%) children
with intracerebral injury had no signs
or symptoms of such injury. Thirteen
of these children, however, had a
significant scalp haematoma with an
underlying skull fracture. In a followup study21 they identified parietal and
temporal haematoma as high, occipital
haematoma as moderate, and frontal
haematoma as no risk.

Concussion in sport

Return-to-play guidelines (whether they
concern a professional athlete returning to
match fitness, or a schoolchild returning to
full school participation) are important, as
returning too early may have the following
untoward and occasionally disastrous
consequences:

• C
 ognitive sequelae of concussion,
such as difficulty in concentrating and
slow reaction times, expose concussed
children to a higher risk of further
injury.
• R
 epeated injuries may have a cumulative
effect.
• C
 oncern has been raised in the literature
that a second head impact while a child
is recovering from concussion may
cause massive brain oedema with a high
fatality rate, the so-called ‘second impact
syndrome’. Although this disease entity
is controversial,22 children who are
recovering from a concussion are more
vulnerable to sustaining a second TBI.
Any TBI in a child, however minor, can
cause diffuse brain oedema.

M inor traumatic brain injuries

Diagnosis of concussion

The first requirement for management
of concussion is making the diagnosis.
A period of LOC is not necessary for
the diagnosis, and concussion, postconcussional syndromes and intracranial
injuries have all been described in patients
who have never experienced LOC. The
symptoms of concussion are described in
the following three groups:1
• C
 ognitive problems: Impairment of
short memory, amnesia, confusion,
LOC. Short, intermediate and long-term
memory are tested using standardised
questions, such as the modified Maddox
questions, i.e.: At what venue are we?
Which half is it? Who scored last? What
team did we play last? Did we win the
last game?
• P
 hysical
symptoms:
Headache,
nausea and vomiting, dizziness, visual
disturbances (seeing stars, double
vision), ringing in the ears and feeling
stunned.
• P
 hysical signs: Decreased level of
consciousness, poor co-ordination or
balance, seizures, slowness in answering
questions or obeying commands,
poor concentration, inappropriate
emotions, vomiting, slurred speech, and
inappropriate or decreased play.
Decisions as to whether a player has
concussion and must be taken off the field
often have to be made on the sideline in
less than ideal circumstances. Therefore
the ICCS has developed a diagnostic tool,
i.e. the Sports Concussion Assessment
Tool (SCAT).23

Early management of
concussion

Eighty to ninety per cent of patients
suffering a minor head injury will recover
within 7 - 10 days. Children may take
somewhat longer, but the majority should
have recovered within 3 weeks.6 The
mainstay of the management of minor
brain injury is education, cognitive rest and
allowing time for the brain to recover.23
• A
 ny activity will exacerbate symptoms
and prolong recovery. Physical activity
should therefore be restricted to walking
about the house. Cognitive rest should
be strict and such activities as reading,
watching television, playing video games
and communicating via sms should be
avoided. This should be continued until
the child is symptom free.
• E
 ducation, in the form of explanation and reassurance to the child
and its caregivers, in combination

with providing symptom-relatedinformation, has been shown to help
families cope better with sequelae
of the head injury and to speed up
recovery.24,25
• P
 harmacological
treatment
of
concussion-related symptoms such as
headaches should be avoided. Comper
et al.,26 in a review of pharmacological
studies of mTBI, concluded that they
have ‘failed to produce solid evidence
that any specific drug treatment is
effective for one or more symptoms of
mTBI’. Although there have been early
reports of the effectiveness of sertraline
in the management of concussionrelated depression, and of dihydroergotamine for the management
of
concussion-related
headaches,
it requires confirmation in large
randomised controlled trials.
• G
 raduated return to activity. There has
been a move from standard returnto-play protocols to an individualised
approach. The graduated return-toplay protocol advocated by the ICCS
involves 6 steps: no activity, light
aerobic activity, sport-specific exercise,
non-contact training drills, full-contact
practice and return to play.4 Adult
athletes progress to the second stage
when they are completely symptom
free. If they remain symptom free,
they move to the next stage after 24
hours, and so on. In this manner they
return to full play after about 1 week. If,
however, symptoms recur during one
of the stages, the athlete drops back to
the previous stage, and progression is
attempted again after another 24 hours.
Children and adolescents are expected
to progress more slowlt than adults,
and it is recommended to increase the
length of asymptomatic rest and of
graded exertion. Children should never
be allowed back on the playing field on
the day they had a concussion.

Management of the
concussed child

The 3rd ICCS abandoned the differentiation between simple and complex
concussions. Instead, it introduced
the concept of ‘Modifying factors in
concussion management’.4 Such factors
include duration of symptoms over
10 days, initial LOC of more than 1
minute, seizures, repeated concussions,
children and adolescents, pre-morbid
conditions (migraine, attention deficit
hyperactivity disorder (ADHD), sleep
disorders), anticoagulation use, dangerous
style of play, and high-risk sport. In
such patients additional investigations

such as neuropsychological testing and
balance assessment may be considered.
It is also advisable that these patients
be referred to a sports physician or
neurologist for management. Children
are thus automatically classified as having
modifying factors.
Balance testing has been recommended
as a sensitive indicator of recovery.23
Although this can be accomplished using
sophisticated equipment such as the
Neurocom Smart Balance Master, Gordon6
simply recommends asking the child to
pirouette 3 times while walking forward
and then to carry on walking forward.
Each 360o turn should be accomplished in
3 steps.

The mainstay of
the management
of minor brain
injury is education,
cognitive rest
and allowing time
for the brain to
recover.
The role of neuropsychological testing,
although well established in adult athletes,
is still somewhat controversial in children
and adolescents.22,27 Between the ages
of 9 and 15 children’s cognitive abilities
improve rapidly, making baseline testing
essential every 6 - 12 months. Comparison
of the performance of South African
children with internationally established
norms-for-age requires validation before
they can be relied on in clinical practice.
Although neuropsychological and balance
testing is desirable in children, particularly
as cognitive recovery may lag behind
resolution of physical symptoms, it is
advisable that neuropsychological testing
in children and adolescents be performed
by a psychologist or sports physician
experienced in the technique and its
interpretation. We recommend that it be
used wherever possible. In children in
whom neuropsychological testing is not
feasible, a more conservative return-toplay approach should be followed.4
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In a nutshell
• C
 hildren are more prone to developing TBIs than adults, and recover more slowly.
• Even minor concussion without LOC may be followed by a period of physical and cognitive dysfunction, which may last up to 3
weeks.
• Children with a GCS ≤14 and a skull fracture or focal neurological signs, with a fixed dilated pupil, children under 2 years of age with
a scalp haematoma, and any child with a decrease in GCS should immediately have a CT scan.
• Any child with a GCS ≤14, a skull fracture, focal neurological signs, coagulopathy or suspicion of child abuse should be admitted.
• The cornerstones of management of mTBI are physical and cognitive rest, education and allowing time for the brain to recover.
• The use of medications should be avoided in concussed children.
• Return to play or return to school of a concussed child should be graded.
• Neuropsychological and balance testing should be considered in any child recovering from a concussion.
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