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Acute Head Injuries: Anaesthetic Considerations 

Roger Traill, Department of Anaesthesia, Royal Prince Alfred Hospital, Sydney 

In the first part of this article I describe a personal approach, in the second I will elaborate on the 
controversial aspects of the management of these patients. 

Traumatic head injuries produce two types of brain injury.  The primary injury occurs in the first 
few milliseconds of the trauma and consists of the biomechanical effect of forces applied to the 
brain.  These are manifest by contusions and lacerations of the brain, and diffuse vascular injuries 
with petechial haemorrhages.  Potential also exists for direct damage from intracerebral 
haemorrhages.  There is no treatment, at this stage, for these injuries. 

The secondary injury occurs minutes to hours after the trauma and represents the complicating 
processes initiated by the primary injury.  A common feature of this is cerebral ischaemia both 
focal and general.  Hypoxia, hypotension, arterial/venous hypertension, hyperglycaemia, and raised 
intra-cranial pressure (ICP) (haemorrhage, brain swelling, brain oedema, hypercapnia, hypoxia) 
may contribute.  The secondary injury is amenable to treatment and this is where we must currently 
focus our attention. 

An Approach to management: 

The key to management is to deal with these patients as emergencies.  This relies on early 
recognition of those patients with potential intracranial injuries, immediate correction of factors 
leading to secondary injuries, rapid diagnosis of intracranial pathology (CT scan) and then 
immediate delivery of the definitive management (often surgical). 

Any patient who is not able to fully cooperate to have a CT scan must be intubated and have 
controlled ventilation.  No patient with a head injury should be sedated for a scan.  Studies suggest 
a 6-8% prevalence of cervical spine fractures in head injured patients, and if lateral spine views 
(including C7) are not available the prudent course is to assume a cervical spine fracture exists.  It 
is worth bearing in mind that simple lateral views do not fully rule out a fracture, for this one needs 
a full cervical spine series.  Unless a difficult intubation is anticipated, the intubation technique 
should use a standard rapid sequence induction.  I use an appropriate dose of thiopentone (not 
propofol as it causes more hypotension), Suxamethonium (there are no important increases in ICP 
if adequate doses of thiopentone are used, you need to use a nerve stimulator and wait till the 
twitches have disappeared or wait about 20 seconds AFTER the fasciculations have finished to 
ensure they are fully paralysed) and cricoid pressure (with strict neck immobilisation, minimising 
extension unless a cervical spine fracture has been excluded.  If you have Alfentanil available then 
that is a useful adjuvant to intubation in a dose of between 5-30µg/kg (depending on age, other 
disease states and cardiovascular stability).  Fentanyl is no use as it onset time is too slow to be a 
worthwhile adjuvant to intubation in a rapid sequence induction. 

It is sensible to remove a neck collar, including those with openings, prior to doing this as they 
make intubation more difficult.  It can then be replaced after intubation is successful.  If a spinal 
fracture is suspected then placing a hand behind the neck, to prevent posterior displacement of the 
spine when cricoid pressure is applied, is also useful.  Once the trachea is intubated the patient 
should be given a long acting muscle relaxant (which has not cardiovascular side effects, eg 
Rocuronium 50mg) to prevent coughing and hyperventilated with oxygen. 

I would ventilate these patients on 100% oxygen until the patient is transferred to ICU/Theatres in 
which case the Fi02 can be reduced to the level needed to maintain a SpO2 of 98%. 
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If there are no overt signs of raised ICP (dilated pupils) then I would try to use mild 
hyperventilation only.  If you have transport capnography, then I would aim for an ETCO2 of about 
30.  If there is clinical evidence of coning or markedly elevated ICP on the CT scan then it is 
justifiable to go lower than this (ETCO2 of 20-25mmHg). 

Fluid resuscitation must be with isotonic fluids only, e.g. normal saline.  Hartmann’s solution is 
hypotonic and should not be used.  The only place for colloids is when there is a need to deliver 
large volumes of fluid and blood is not available (but only because on a ml for ml basis colloids are 
better at volume restoration than crystalloids).  Glucose containing fluids are usually hypotonic, 
lead to hyperglycaemia and should be avoided. If, after 2 units of crystalloids and/or colloids, the 
blood pressure is not rapidly restored then blood should be given if blood loss is assumed to be the 
cause of the hypotension; either 0-ve or group specific.  Anaemia should be corrected and some 
evidence exists to suggest that the optimal haemoglobin is 100gms/l. 

If the patient is unconscious and haemodynamically stable then I would give a large dose of 
mannitol (1.5gm/kg) over 20 minutes.  Frusemide 0.3mg/kg will augment this effect.  A urinary 
catheter should be placed. 

Anaesthesia consists of unrousable unconsciousness and reflex depression, both motor and 
autonomic.  These patients are usually unconscious or at the very least likely to be amnesic but 
reflex depression is always needed.  Paralysis provides motor reflex depression but transporting 
patients around a hospital can be very stimulating and extreme hypertension may occur if nothing 
else is used.  I use 100µg doses of fentanyl (≤≈500µg) to help prevent this.  Acute episodes of 
hypertension are best managed by boluses of thiopentone or Propofol as they have a more rapid 
onset than opioids.  Midazolam is not ideal in this setting as it is not a good reflex depressant and 
has a slower onset. 

An alternative, but only if all the equipment is immediately available, is to use a Propofol infusion 
at about 2-8mg/kg/hr or for TCI between 1-4µg/ml.  The actual dose depends on the blood pressure 
responses. 

Half of this patient group have other major injuries, the management of which may take 
precedence over their head injury.  One must treat the most life threatening condition first but 
treatment of head injuries comes before treatment of other non-life threatening conditions.  If these 
patients need urgent non-neurosurgical procedures then one should use the same anaesthetic 
principles outlined below.  The placement of an ICP monitor allows optimal management. 

The question of the ideal blood pressure for these patients is controversial (see later).  I aim for a 
mean blood pressure around 80-100mmHg or 120-150mmHg Systolic in adults and only control it 
with fentanyl or thiopentone/propofol.  Thiopentone and Propofol depress the cerebral metabolic 
rate (CMR) and cerebral blood flow (CBF) and so will reduce the ICP.  Vasodilators such as 
diazoxide, hydralazine, nitroglycerine, or nitroprusside may be catastrophic in this situation.  
Experience suggests that paralysis; mild hyperventilation, thiopentone, and fentanyl are almost 
always sufficient to control the blood pressure.  I transport these patients with ≈15% head up to 
further decrease their ICP. 

One also needs to avoid simple things that increase ICP eg head position, ties obstructing neck 
veins, coughing (all patients should be fully paralysed after intubation until they are delivered to 
the ICU), PEEP or excessive ventilation. 

Assuming the patient is stable enough for a CT scan it is imperative that no anaesthetic drugs that 
are cerebral vasodilators be used.  This means no nitrous oxide, inhalational agents, or ketamine.  
The patient should remain paralysed to prevent coughing and to minimise the intrathoracic 
pressure.  Once the CT scan is done, a definitive plan of management will then be made. 
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Invasive monitoring will be needed in most of these patients but time should not be wasted while 
this is instituted.  They can be placed during any delays in the Emergency department or while the 
head is shaved in theatre. 

If the patient is going to theatre for a craniotomy then my technique is to run a propofol infusion (a 
cerebral vasoconstrictor), ideally using TCI.  I start at 2µg/ml and increase as necessary but do not 
go below 2 (it is preferable to keep it above 3 especially after the brain is decompressed).  If this is 
not available then use ≈7mg/kg/hr. 

I then add fentanyl (<10µg/kg) in divided doses (50-100µg boluses).  The fentanyl dose depends on 
the blood pressure response and little may be able to be given prior to skin incision.  Transiently 
increasing the TCI to 6µg/ml for 60 seconds prior to the Mayfield pins (that fix the head) and 
continuing for 1-2 minutes after will usually control the BP response to pin placement.  The TCI 
should then be reduced to the pre-pin level.  The skin incision line is infiltrated with 0.5% 
bupivacaine and 1/200,00 adrenaline.  I aim for an endtidal CO2 of ≈30mmHg (≈25 if there is 
evidence of conning). 

If you have time, equipment and the experience you can use a Remifentanil infusion instead of 
Fentanyl however time is of the essence and you should not do this unless you really do not how to 
use it (this is not the time to experiment if you have never used it before).  You should only use a 
programmable syringe pump for this and start the infusion rate at about 5µg/kg/hr, it can then be 
increased or decreased as necessary.  If I do this, then I would not go above 4µg/ml of propofol and 
use the Remifentanil to control the BP.  Boluses of Remifentanil (0.5µg/kg) can be used to prevent 
the BP increase with Pins.  Acute hypertension later in case can be controlled with smaller boluses 
(starting at 0.25µg/kg).  If you have a TCI Remifentanil pump then use “Effect Site” targeting with 
starting concentrations of 2mg/ml and then between 1-6ng/ml during the case..  Transiently 
increasing the Remifentanil concentration to about 4-6ng/ml will cover the stimulus of Mayfield 
pin insertion (or intubation).  Assuming the haemodynamics are stable a value of 6ng/ml is usually 
about right but you must avoid hypotension so erring slightly on the low side is best.  It will then 
need to be reduced to pre-pin levels once it is clear the BP is not continuing to rise. 

If hypotension occurs then one should decrease the Remifentanil (if used) and Propofol.  I would 
treat the hypotension in the interim with IV fluids and vasopressors, eg phenylephrine or 
metaraminol.  Remember hypotension is catastrophic in these patients.  I would aim to keep the 
MAP at or above 80mmHg. 

If you have time and can find a place on the skull to put the electrodes then either BIS or Entropy 
monitoring can be used to guide the administration of the anaesthetic agents.  Typically one aims to 
get the value below 60.  Given the likely sub-optimal placement of the electrode I would not go 
below a Propofol TCI of 2µg/ml. 

Once the brain is decompressed (when the bone flap is elevated in an extra-dural haematoma or, 
more commonly, when the dura is opened with a subdural haematoma) you may see a quite marked 
fall in BP.  This relates to the fall in sympathetic tone when the previously raised ICP (which has 
produced a Cushing reflex) is normalised.  The fall in pressure is more marked if the patient is 
hypovolaemic.  Kawaguchi and co-workers performed a retrospective study on acute SDH to 
determine preoperative risk factors for sudden MAP decrease on dural opening.  Low Glasgow 
Coma Scale score, absence of the mesencephalic cistern on CT scan, and bilaterally dilated pupils 
were all found to be predictors of a MAP reduction of more than 20% on dural opening.  It is said 
to be more common in sub-dural rather than extra-dural lesions. 

You need to prepare for this by ensuring the patient is well hydrated and having a vasopressor 
handy.  Should the BP fall below a mean of 70mmHg you should treat this with vasopressors, 
fluids and reducing the anaesthetic agents.  The patient should be able to tolerate a lower BP at this 
stage, as the ICP should be substantially reduced. 
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Further management depends on whether the patient should be extubated at the end of the 
operation.  Peak brain oedema can take 24-72 hours to occur so it is usually prudent to leave the 
trachea intubated (ensure that an adequate amount of fentanyl is given to prevent hypertension 
during transport to ICU).  An exception is the patient with an acute extradural who was initially 
well after the trauma and then suddenly deteriorates.  Such patients may awaken once the brain is 
decompressed. 

Patients with acute traumatic subdurals will usually have underlying brain trauma (the sub-dural is 
due cortical vessel damage rather than bridging vein damage as occurs with chronic subdurals) and 
so one can expect a degree of brain swelling. 

Occasionally the brain will have such marked cerebral oedema that the brain will bulge out of the 
craniotomy wound.  Doing wide, sometimes bilateral, decompressive craniotomies may be needed. 

Decompressive craniotomies have been practiced for millennium.  With the practice of 
“trephination” being described by the ancient Greeks and more recently by Kocher about 100 years 
ago.  The practice has come back into favour fairly recently for those patients with markedly 
elevated ICP despite maximal medical therapy and in the absence of intracranial mass lesions. 

The technique clearly reduces ICP and there is some evidence of improved outcome (but not level 
1 or 2) when the procedure is done early (within 24-48 hours).  The potential complications are not 
well described and the patient will have to have further procedures to replace the bone flaps or 
fashion new prosthetics to repair the bony deficit.  There are a number of randomised trials 
proposed or started that will help delineate the role of Decompressive craniectomy in traumatic 
brain injury. 

If it is planned to leave the trachea intubated then I continue with the anaesthetic as outlined except 
that I would return the ETCO2 to ≈35torr.  If extubation is planned for the conclusion of surgery 
(uncommon) then one can either continue with the TIVA technique or reduce the Propofol and add 
a <1mac of Sevoflurane or even use 65% nitrous.  Allow the endtidal CO2 to increase to the about 
40torr so that you can see if the brain will be “tight” at the level of PaCO2 that is likely to occur 
soon after extubation.  Should the addition of inhaled anaesthetic agents make the brain to become 
swollen they should be withdrawn.  Unless the swelling resolves rapidly the patient should remain 
intubated post-operatively. 

I will give no more fentanyl (if used), use propofol (and Remifentanil if used) to control the blood 
pressure Cease propofol about 10 minutes before surgery ends (if an inhaled agent is added) or 
reduce the amount if TIVA is being used.  Continue or increase the Remifentanil to control the BP 
or Entropy/BIS (if used).  Use metoprolol to help control BP if >10µg/kg/hr Remifentanil is needed 
to control the blood pressure during this final ten minutes.  The patient can be extubated provided 
they are conscious, able to maintain and protect their airway, can breath adequately, clear their 
secretions, well oxygenated and cardiovascularly stable. 

If a patient with a suspected head injury needs other more non-cranial urgent surgery then 
placement of an ICP monitor whilst that procedure is underway allows optimal management of the 
patient’s intra-cranial state until such time as definitive investigations and management are 
possible.  In this case, the anaesthetic technique is the same as for a craniotomy except that in a 
cardiovascularly unstable patient I would tend to use more propofol (which has a short duration of 
effect) rather than the relatively more long lasting fentanyl.  If Remifentanil is used this allows for 
far more rapid changes in the degree of reflex suppression. 

If a ventricular catheter is placed (which will usually be the case with patients needing urgent 
Decompressive surgery), then drainage of CSF can be used to control the brain swelling/ICP.  
Patients with slit ventricles may be difficult to place a ventricular catheter. 
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Occasionally a patient with traumatic brain injury will develop DIC.  This cascade is thought to be 
initiated by exposure of the subendothelial collagen and release of brain tissue thromboplastin, 
which activate both the intrinsic and extrinsic coagulation pathways.  If this occurs replacement of 
the coagulation factors will be needed.  The more severe the brain injury the more likely this is to 
occur. 

Overall, don’t waste time, and treat head injuries as emergencies.  Try to treat the physiological 
changes that cause secondary injuries before they cause damage, have a low threshold for doing a 
CT scan, try to reduce ICP (and brain shift) and deliver the definitive management as quickly as 
possible. 

Controversies 

Hyperventilation 

This used to be the mainstay of management of raised ICP, however it is now recognised that it 
may cause cerebral ischaemia in these patients even with relatively small reductions.  In normal 
people, hypocarbia does not cause cerebral ischaemia until the arterial CO2 tension is reduced 
below 20mmHg.  The other problem is that its effects are only short lived because CBF will have 
returned to baseline by twenty-four hours.  This means any subsequent slight increase in PaCO2 
(from the previously low level) leads to increased CBF.  Hypercarbia on the other hand can lead to 
brainstem herniation.  In patients with luxury perfusion short-term hypocarbia is justifiable but 
luxury perfusion cannot be determined clinically. 

The general consensus is for normocarbia or slight hypocarbia (PaCO2 of 35mmHg). 

In patients with evidence of conning (eg unequal pupils) or marked increases in ICP (>20mmHg) 
hyperventilation is justifiable as an emergent treatment.  In the absence of such signs and prior to 
surgery I would aim for mild hypocarbia (ETCO2 ≈30).  As we are often manually ventilating 
patients without CO2 monitoring during transports I would err on the side of mild hyperventilation.  
Once the brain is decompressed or the ICP is found not to be elevated, PaCO2 should be returned to 
normal. 

The only outcome study (Muizelaar 91) was comparing chronic ICU hypocarbia v normocarbia and 
showed worse outcomes at 3/12 and 6/12.  There are no outcome studies looking at the use of acute 
hypocarbia. 

Fluids 

Much has been written about the use of either crystalloids or colloids in the resuscitation of trauma 
patients either with or without head injuries and it is indisputable that for equivalent volumes 
colloids will produce a greater expansion of intravascular volume.  However, many of the studies 
that suggest an increase in cerebral oedema are flawed because they used hypotonic crystalloids. 

The blood brain barrier is normally impervious to most ions, transport across being actively 
controlled. This means that total osmolality rather than the colloid osmotic pressure (COP is ≈ 
1.5mosmoles/kg) is the important osmotic factor (unlike at other capillary beds).  Many studies that 
have looked at the cerebral effects of crystalloids have used Ringer’s Lactate or Hartmann’s 
solution as the crystalloid and stated that this is isotonic.  Hartmann’s solution has 280 mmol of 
dissolved ions present but due to incomplete dissociation there are not 280 mmol of particles.  The 
actual osmolality is 265mosmole/kg (normal plasma osmolality is ≈285) that is quite hypotonic.  
Normal saline (308mmols of ions) has an osmolality of 285 and is isotonic.  

Most Studies that have kept total osmolality constant and reduced COP have not shown an increase 
in cerebral oedema.  However there is one paper by Drummond in 1998 that looks at colloid 
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oncotic pressure in an animal model where the severity of the brain injury was just sufficient to 
begin to cause BBB dysfunction (as assessed by Evan’s blue leakage into the brain parenchyma).  
This was a “mild” brain injury.  They then compared fluid resuscitation with blood, Hetastarch 6% 
in normal saline, saline whilst keep plasma osmolality constant.  In the saline group COP was 
reduced to about half normal (representing fairly aggressive saline administration).  They also had 
a group with half-strength saline.  The blood and Hetastarch solutions did not differ in oedema 
formation (they did not reduce either total osmolality or COP).  Half-strength saline had the 
greatest increase in oedema. 

6% Hetastarch is not available in Australia and is limited to 20ml/kg/d due to concerns about 
coagulation. 

Volvulen, a new 6% Pentastarch (Hydroxyethyl Starch - HES 130/0.4) has normal saline as it’s 
crystalloid base and has no significant coagulation issues and can used in volumes up to 
33mls/kg/day (this is the Australian TGA approved limit, it has been used in volumes up to 
70mls/kg).  It would, theoretically, be the ideal colloid to give for head injury resuscitation. 

Many of the older “colloids” available in Australia (all the Albuminex products) are actually 
slightly hypotonic.  Recent analysis of the “SAFE” has shown that head injured patients have a 
worse outcome if Albuminex is used instead of Normal Saline for ICU resuscitation. 

From the above-mentioned studies we can postulate that, depending on the severity of the BBB 
damage, we will have brain areas where the osmotic/oncotic gradient is totally effective (normal 
BBB), areas where only the colloid oncotic gradient is effective (mild opening of the BBB, with 
pore size similar to the periphery), and areas where there is no osmotic/oncotic gradient effect 
(BBB breakdown).  

The message is to avoid and/or correct, in patients with brain or spinal cord injury, a decrease in 
‘‘both’’ serum osmolality and COP. This message, however, is part of the ‘‘common clinical 
sense.’’ 

Other than situations where the rate of administration is a problem there is no advantage in using 
colloids with regard to cerebral oedema.  Overall then, normal saline should be the crystalloid fluid 
used at least in the acute stages of the patient’s management. 

Hyperglycaemia has been shown to cause a worse neurological deficit for a given degree of 
cerebral ischaemia and given that ischaemia is extremely common in this group of patients this 
needs to be avoided.  5% dextrose, once the dextrose is metabolised, is pure water, which will 
lower plasma osmolality that may worsen cerebral oedema.   

One of the independent factors in a worse outcome from head injury is anaemia (Hb <100gms/l).  
There are some animal studies suggesting that a haematocrit of 30% provides optimal oxygen 
delivery in cerebral ischaemia but an haematocrit less than this is worse than higher haematocrits.  
Overall, one should start blood early in multi-trauma resuscitation to prevent anaemia. 

Blood Pressure 

The cerebral haemodynamics of acute head injuries have been extensively studied in both animal 
models and humans.  One of the major problems has been the difficulty of measuring CBF in early 
hospital management, especially if operative intervention is necessary.  Recently the advent of 
Stable Xenon enhanced CT scanning has meant that regional and global CBF/CBV have been able 
to be measured at the time of the initial CT scan.  This has only been done in adults. 

These studies show that there is a high prevalence of ischaemia (31%) at this time (about 3 hours 
after injury).  Unless there was evidence of brain stem herniation (unilateral pupil changes) then 
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ischaemia was more marked supratentorially.  If there were unilateral pupil changes then ischaemia 
was more marked in the brain stem.  In patients with a subdural haematoma this ischaemia was 
reversed following decompression.  In patients with a global decrease in CBF this was reduced for 
the first two days and then, on average, returned to normal.  This was not however a uniform 
finding.  There are some patients (≈10%) who have hyperaemia that contributes to their raised ICP, 
while others have normal flows and some have low flows.  If metabolism is not appropriately 
reduced (as it is in many patients) then this may lead to ischaemia.  Unless jugular venous oxygen 
content is measured (and from that cerebral oxygen consumption calculated) it is impossible to 
determine if flow is appropriate (coupled). 

Hypotension (systolic BP <90mmHg in an adult) at any stage of the hospital stay (arrival, 
resuscitation, in theatre or in the ICU) has been shown to dramatically decrease the patient’s 
likelihood of a good outcome.  However just maintaining SBP > 90mmHg may be insufficient to 
prevent cerebral ischaemia, as animal and human studies have also shown that autoregulation is 
impaired with head injuries and that the lower limit of autoregulation is shifted to the right. cerebral 
perfusion pressures (CPP) of less than 70mmHg commonly produces decreased CBF (cf 50mmHg 
in normal people).  The accepted aim has been to maintain CPP ≥70mmHg.  Some patients may 
even need higher CPP than this.  Rosner et al 1990 has demonstrated that in some patients a higher 
CPP will lead to a reduced ICP (autoregulatory vasoconstriction).  This is only the case where 
autoregulation is still intact, unfortunately in only about 50% of head injured patients is this the 
case. 

On the other hand hypertension might be undesirable if autoregulation is impaired leading to 
increased CBF (which occurs in some patients) or if it worsens bleeding (leading to greater mass 
effect). 

Claudia Robertson in 2001 reviewed the literature on CPP control and showed that there was no 
advantage to elevating the CPP > 70mmHg and an increased risk of ARDS (which had an 
increased mortality).  She concluded that, as a general rule, one should aim for a CPP of 60mmHg. 

There may be however individual patients who benefit from a CPP greater than this.  Only with 
specific monitoring of cerebral ischaemia is it possible to determine in which patients this will 
occur. 

The “Lund” approach has been promoted recently which suggests the opposite!  They emphasises 
the need to avoid ongoing progressive brain oedema in an attempt to ensure adequate regional 
perfusion.  They use low CPPs (down to 50) in order to reduce capillary hydrostatic pressure, 
reduction of Cerebral Blood Volume, with maintenance of colloid osmotic pressure.  This relates to 
ICU management and the two may not be inconsistent with differing management required at 
different phases of the patient’s management (or for differing pathophysiology). 

The absolute level of ICP is also of some concern independently of its effects on CPP.  It has been 
well described in studies done in the 1950s (and in patients with benign intracranial hypertension) 
that uniform increases in ICP of ≤100mmHg produce minimal effects.  Similarly we know that 
induced hypotension to 50mmHg produces no ill effects in the majority of normal patients.  Non-
uniform increases in ICP, which cause brain shift and herniation, on the other hand cause problems 
at a much lower ICP.  Evoked potential changes occur with supratentorial ICP >30mmHg and we 
know clinically that head injured patients deteriorate with ICP at this level (before CPP may be 
compromised).   

Overall, in the acute setting at least, I aim for a systolic blood pressure around high “normal” 
(≈150mmHg in adults).  Ideally the CPP should be optimised to the patient’s ICP and SJVO2 but 
this is not practical in the emergent situation.  Systolic blood pressures > about 160mmHg I would 
try to reduce with Fentanyl/Thiopentone/Propofol.  Fentanyl does not act quickly and should not be 
used for control of rapid increases in blood pressure. 
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Remember to take into account the effect of head elevation if you are measuring the BP with a cuff 
(manual or NIBP) or to position the transducer at the level of the head if one is using invasive 
monitoring. 

Head Elevation 

Whilst not all authors agree the majority of studies indicate that 15-30°head elevation reduces ICP 
without compromising CPP or cerebral oxygenation.  Marked degrees of head elevation >30° may 
actually increase ICP in some patients by causing autoregulatory vasodilatation.  Again ideally, 
head elevation should be optimised to CPP.  I usually use about 20° head elevation in the acute 
management of these patients. 

Diuretics 

Mannitol is extremely effective in reducing ICP.  It does this by its osmotic action causing brain 
shrinkage and by producing vasoconstriction secondary to a reduction in viscosity.  The effects 
start within 10 minutes and peak at about 60 minutes.  Given the extreme importance of improving 
the CBF to prevent cerebral ischaemia, and given the minimal side effects of mannitol I feel that 
any unconscious head injured patient should be given mannitol 1.5gm/kg as soon as is practical.  
Despite what is commonly said, mannitol, given rapidly, may produce profound hypotension (not 
hypertension) and should be given over 20 minutes.  The other important side effect of rapid 
administration of mannitol is transient hyperkalaemia (≤2mmol/l). 

Cruz has shown that giving doses of mannitol of 1.5gm/kg (cf 0.7mg/kg) when signs of brain stem 
compression are seen (pupillary widening) improves outcome in traumatic non-missile acute 
intraparenchymal haemorrhage, acute subdurals and diffuse brain swelling. 

Anticonvulsants 

Long-term administration of anticonvulsants has not been shown to be necessary in head injured 
patients however ≈10% of severe head injured patients who do not have anticonvulsants have 
seizures in the first week of hospital stay.  The consequences of seizures are a severe increase in 
CMR, CBF and CBV that lead to marked increases in ICP that may be catastrophic.  The risks of 
short-term phenytoin are small and I would suggest that all head injured patients requiring surgery 
should be loaded with phenytoin (15mg/kg).  One needs to give this slowly as it causes 
hypotension.  Whilst it is clear that short term used of phenytoin reduces the risk of early seizures 
meta-analysis does not reveal a long-term benefit however. 

Steroids 

The Cochrane collaboration performed a meta-analysis on steroids in head injury and showed only 
a 1.3% benefit overall.  When the best studies only were included however, there was no 
difference.  Despite this they concluded the matter needed further study.  The follow-up CRASH 
study was published in 2004 and looked at the use of Methylprednisolone.  It was stopped early 
(after 12 or 20,000 planned patients were recruited) when interim analysis showed that not only 
were steroids not of benefit but the overall mortality was higher in the steroid group compared with 
control.  The guidelines of the American Society of Neurological Surgeons recommend not using 
them. 

Hypothermia 

There were a number of early studies that showed mild hypothermia (32-34°C) is beneficial in 
head injuries.  It reduces CMR, CBF, ICP and improves outcome.  A recent large multi-centre trial 
on the use of hypothermia in head injuries failed to show any benefit.  It may be that the reason for 
this was that in the earlier studies the “normothermic” group included patients patient who were 
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hyperthermic.  Hyperthermia, by as little as 1°C, has been shown to worsen outcome in a variety of 
cerebral ischaemia settings.  It is generally accepted that one must avoid hyperthermia when 
cerebral injuries are present.  Usually with multi-trauma, avoiding hyperthermia is not difficult as 
the patient will almost always get cold during their initial hospital care.  I would try and warm 
these patients but probably aim for 35-36°C only to avoid them becoming hyperthermic.  
Hypothermia is one of the modalities that can reduce ICP and if brain swelling is a problem I 
would not warm past 34-5°C. 

CSF Drainage 

The placement of a ventricular catheter allows for both monitoring of ICP and a means to control 
ICP by removing CSF.  There is a slightly greater incidence of infection for ventricular catheters 
compared with intra-parenchymal catheters or sub-arachnoid bolts. 

Surgery for non-life Threatening Injuries 

The timing of surgery for non-life or limb threatening orthopaedic surgery is controversial.  The 
risk is hypotension that may be associated with this surgery.  Hypotension in the first 24-48hrs of 
head injury is associated with a worse outcome. 

Ideally the minimum should be done in the first 48-72hrs to allow the patient to stabilise.  If 
surgery is necessary within this time frame then it should proceed under ICP control with careful 
maintenance of CPP, oxygenation, PaCO2 and avoidance of anaemia. 
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