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Traumatic brain injury is a dynamic process and therefore serial physical and
neurological examinations are essential in order to appropriately assess and treat
these patients. The majority of patients will be successfully and adequately managed in
primary care facilities. However, referral to an intensive care unit in a timely manner
should be considered in some patients. As detailed in part one of this series of articles,
the initial (primary) brain injury is due to the direct trauma (or contact injury) and is
usually not amenable to therapy. However, these injuries can result in obvious external
wounds so it becomes important not to get carried away with management of these
primary injuries. Management should instead be directed at the prevention of the
secondary brain injury and supportive care. Imminently life threatening problems and
those that quickly lead to secondary brain injury (e.g. hypoxia and hypotension) must
also be assessed and treated quickly before therapy for the primary brain injury is
instituted as discussed in part two of this series. This article describes the interventions
that can be considered in patient management.
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Introduction

Initial assessment of a head trauma patient
should include identification and management of imminently life-threatening
injuries. Following this primary evaluation
a neurological examination can be performed to decide whether a neurological
lesion is present, give a preliminary prognosis and grade its severity using the modified Glasgow Coma Scale (MGCS). These
steps were covered in a previous article
alongside the important pathophysiology
on which treatment is based. This article
describes the next steps in patient management which can be broadly categorised
into two components; extracranial and
intracranial stabilisation. Extracranial stabilisation defines the correction of tissue
perfusion, usually due to hypovolaemia,
and improvement of systemic oxygenation
and ventilation. Intracranial stabilisation
centres on optimising cerebral perfusion
pressure (CPP), decreasing intracranial
pressure (ICP) and minimising increases in
cerebral metabolic rate.
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A distinction between assessment,
stabilisation, diagnosis and treatment is
blurred as treatment should begin right
from the moment the patient enters the
hospital and continue throughout the
period that diagnostic procedures are
performed. Attempts to treat such patients
should focus on systemic support rather
than specific neurological therapies.

Traumatic brain injury (TBI) is made
up of the primary (i.e. a consequence of
the direct trauma) and secondary injury
(Armitage-Chan et al. 2007). The importance of this lies in the fact that primary
injury is not treatable whereas secondary
injury is the one we aim to minimise with
our management. Secondary injury is the
result of a biochemical cascade initiated
by excitatory neurotransmitter release,
intracellular calcium influx, hypoperfusion
with possible ischaemia and inflammation.
Management of the secondary injury is
divided into extracranial and intracranial
stabilisation. Extracranial stabilisation aims
to reduce the systemic consequences of
trauma (e.g. hypotension, hypoxia, acidosis)
which can worsen both the clinical signs
and secondary injury. Intracranial stabilisation attempts to control intracranial
events such as intracranial hypertension,
a compromised blood-brain barrier, and
cerebral oedema. Resuscitation of the
patient with TBI must address all of these
aspects, therefore the focus for treatment
should be on the perfusion parameters and
intracranial pressure which will help minimise secondary injury and speed recovery
(Armitage-Chan et al. 2007).
In summary, the mainstay of treatment
is therefore to maintain systemic mean
arterial blood pressure (MABP; extracranial
stabilisation) and decrease intracranial
pressure (intracranial stabilisation). The
following is a guide for managing any
patient with TBI.
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Key Point: Steroids are no longer
recommended in head trauma patients.
Their use was studied in a prospective
trial in humans called the “corticosteroid
randomisation after significant head
injury” (CRASH) trial. This was a study
involving 20,000 patients that had to be
abandoned due to the detrimental effects
of steroids showing an 18% increased
risk of mortality (Lancet 2004).

Stage 1:
Extracranial stabilisation

The most important consideration in head
trauma is maintenance of cerebral perfusion by treating hypotension and elevated
ICP. The initial approach to head trauma
is to focus on extracranial stabilisation
followed by an attempt to manage intracranial abnormalities. Careful assessment of
pulse, respiratory rate, blood pressure and
neurological status are important during
this initial period. All patients should be
given oxygen and fluid therapy. Table 1
summarises the main parameters that
should be monitored and some of the
methods employed to correct them.

Patient Ventilation
Cerebral blood volume is an important
contributor to ICP. Transport of oxygen
and carbon dioxide in and out of the
brain can affect ICP by altering cerebral
blood volume, therefore control of PaO2
and PaCO2 affect ICP. Oxygen saturation
is easily monitored using pulse oximetry
(to measure SpO2) and the amount of
carbon dioxide within the blood can also
be assessed using capnography.
Oxygen supplementation is recommended
in all patients following head trauma. The
goal of oxygen therapy is to maintain the
partial pressure of oxygen in the arterial
blood supply (PaO2) greater than or equal
to 90 mmHg. If the patient is able to
ventilate spontaneously and effectively, supplemental oxygen should be delivered via
nasal catheters, face masks or oxygen cages.

Fluid Therapy
There is controversy regarding the best
type of fluid to use when resuscitating
a patient with TBI. However, it is now
widely accepted that it is the rate and
quantity of fluid given that is more important than the actual type of fluid chosen.
Immediate restoration of blood volume is
imperative to ensure a normal blood pressure and adequate CPP as failure to do so
has been associated with increased mortality (Chesnut 1998). One important point

Table 1 – Guidelines for monitoring head trauma patients*
Monitoring Parameters

Parameters

Neurological examination

Modified Glasgow Coma Score > 15

Blood Pressure

Mean Arterial Pressure 80-120 mm Hg

Blood Gases
Pulse Oximetry (SpO2)

PaO2 ≥ 90 mm Hg
PaCO2 < 35- 40 mm Hg
SpO2 ≥ 95%
*Modified from Freeman and Platt 2012.

to note is that hyperglycaemia is a negative
prognostic indicator and therefore dextrose
solutions should be avoided.
The rate and amount of fluid given is
dictated by the blood pressure and ‘shock’
status of the patient. Indicators of shock
include tachycardia, poor pulse quality, pale
or grey mucous membranes and a delayed
capillary refill time.
Hypotension (MABP <80 mmHg or
systolic blood pressure <110 mmHg) is
most likely the result of shock. Crystalloid
boluses should be given initially to achieve
a normal MABP (80 to 120 mmHg). If
crystalloid alone is ineffective then colloid
boluses may be considered. Persistent
hypotension is dangerous because it leads
to decreased cerebral perfusion with
subsequent cerebral vasodilation and an
increase in ICP. Hypertension (MABP
>120 mmHg; systolic blood pressure >140
mmHg) is undesirable because it causes
reflex vasoconstriction and therefore
decreases cerebral perfusion. In a patient
with a normal blood pressure (MABP
80 to 100 mmHg) that is not in shock it
is important to start maintenance fluid
therapy and monitor blood pressure every
2 to 4 hours. The reason for this is that
hypovolaemic shock causes a significant
reduction in organ perfusion. However,
blood pressure is usually normal during
this compensatory shock phase as it is
maintained by homeostatic mechanisms
that respond to reduced tissue perfusion.
This includes increases in heart rate,
peripheral vasoconstriction, reduced urine
production and shifts of fluid from the
interstitial space to the intravascular space.
Once the fluid deficit exceeds the ability
of the body to compensate (decompensatory shock) the blood pressure will fall.
If this management stabilises the patient
and the MGCS is greater than eight, then
resuscitation is often sufficient and monitoring should continue. Re-examination

every 6-8 hours is recommended to
ensure the improvements are sustained and
continuing. In patients with a MGCS of
less than eight or in those that continue to
deteriorate, further intervention should be
considered as outlined in stage 2.

Analgesia
Failure to provide adequate analgesia can
increase ICP. Opioids are most commonly
used following head trauma due to the
advantages of impacting minimally on
the cardiovascular system (and therefore
minimally impacting CPP) and the ease
of reversal. The major disadvantages of
this class of drug are their potential for
respiratory depression and hypotension.
Short-acting opioids such as fentanyl and
remifentanil are advantageous as they have
a fast onset of action and short duration
meaning continuous rate infusions can be
given and titrated to effect. Naloxone can
be used to reverse these drugs if significant
respiratory or cardiovascular effects are
seen. Butorphanol and buprenorphine
are suitable analgesics that may be used
to treat head trauma patients in mild to
moderate pain. Multimodal analgesia is
very important and so other medications
such as non-steroidal anti-inflammatory
medications and gabapentin may also be
considered in these cases.

Stage 2:
Intracranial stabilisation

Following initial assessment and stabilisation of blood pressure and hypoxaemia
it is important to begin focusing on
intracranial abnormalities. This is not
indicated in every head trauma case and is
reserved for those patients with moderateto-severe head injury that are refractory to
aggressive extracranial stabilisation therapy,
and those with progressive neurological
signs. Essentially this means those patients
with a MGCS of <8 and those that have
a deteriorating MGCS score. The aims of
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