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ABSTRACT 

Traumatic brain injury (TBI) is a devastating and extraordinarily expensive entity. It is becoming increasingly burden-
some in the military setting with societal costs of managing the sequelae of TBI running into the billions of dollars 
(US$) each year. Increasing awareness among non-neurosurgical medical personnel of the pathophysiology of TBI and 
rapid and appropriate assessment, triage and treatment will increase the likelihood of a better outcome in any given head 
injured patient. Careful attention to prevention of secondary injury is vital if further decline following the initial insult is 
to be achieved. Early and repeated neurological assessment and aggressive management of intracranial hypertension 
and disorders affecting airway and cardiorespiratory systems are the mainstay of managing moderate to severe TBI. 
This management may involve medical and surgical options and often requires battlefield assessment prior to 
aeromedical evacuation. The unique profile and epidemiology of TBI in the military, necessitates ongoing research into 
primary prevention and appropriate, cost-effective means of assessing and treating these often debilitating injuries. Im-
provements in the prevention and care of these individuals will lead to enormous individual and societal gains. 
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1. Introduction 

In both civilian and military settings, head injury, also 
referred to as Traumatic Brain Injury (TBI) can be a de- 
vastating, highly debilitating and extraordinarily expen-
sive injury. The burden of TBI on military personnel is 
huge. Head and neck injuries including severe TBI have 
been reported in 25% of US service members evacuated 
from Iraq and Afghanistan [1,2]. Up to 40% of military 
mortality is attributed to TBI [3,4]. Researchers have 
suggested over 300,000 US veterans of the wars in Iraq 
and Afghanistan have sustained a mild TBI [4]. Official 
statistics based on electronic medical records within the 
US military released by the Department of Defense re-
port 195,547 TBIs were diagnosed in military personnel 
between 2000-2010. Of this number 2038 were clas- 
sified as severe; 33,020 were classified as moderate and 
150,222 were classified as mild [1]. The societal cost 
associated with managing TBI and its sequelae in US 
personnel returned from deployment runs into billions of 
dollars (US$) annually [5].  

The epidemiology of TBI in the military is difficult to 
assess accurately. With improvements in delivery of 
medical care and protective equipment, soldiers are now 
surviving injuries they previously would not have sur-
vived [5]. Greater efficacy of treating neurological injury 

has been facilitated by advanced training of non-neuro- 
surgical medical specialists, and by availability of rapid 
aeromedical evacuation to definitive care [6]. Prompt 
and rational treatment of the acutely head-injured indi-
vidual can make a significant difference to the individ-
ual’s subsequent outcomes. Understanding the appro-
priate assessment, triage and treatment of personnel 
suffering a TBI is essential to achieve best possible 
outcomes for the individual and the unit. The patho-
physiology and acute care of head injury are the main 
focus of this article. 

For a detailed discussion of assessment, triage, man-
agement and transport of head injured military personnel, 
the authors refer you to the Guidelines for field manage-
ment of combat-related head trauma, Brain Trauma 
Foundation. 

2. Primary Brain Injury 

The injury sustained by the brain at the time of trauma is 
referred to as the primary brain injury. It results directly 
from the trauma and by definition it is irreversible [7] 
with prevention being the only possible intervention. 
Classification of primary brain injury based on mecha-
nism of injury identifies three types of TBI; Penetrating; 
Closed; and Blast [4,8,9]. 
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In penetrating TBI (pTBI) a foreign object penetrates 
the skull and travels through the brain parenchyma, 
damaging neurons, glia and fibre tracts [8]. In closed TBI 
(cTBI) disruption of brain function can occur from brain 
motion and deformation within the cranial vault, result-
ing in damage to brain parenchyma, blood vessels and 
fibre tracts [8]. Blast TBI (bTBI) is currently the pre-
dominant cause of TBI in the military [8]. An explosive 
blast wave induces localized particle motion in the brain 
parenchyma causing extensive neuronal damage [8]. 

There may also be secondary, tertiary and quaternary 
blast effects that directly influence the brain injury. 
These include impact of material thrown by the blast 
(secondary), the patient being thrown by the blast (terti-
ary), and factors not already specified such as burns 
(quaternary) [8,10].  

Primary brain injury can be further stratified by: sever-
ity, based on the patients Glasgow Coma Scale score, 
physical signs and symptomatology; and morphology, 
which is based on the presence or absence of skull frac-
tures and intracranial lesions [3]. 

3. Secondary Brain Injury 

At the time of injury a cascade of events is set in motion 
by the initial insult. This cascade includes, but is not lim-
ited to; perfusion abnormalities, haemorrhage, metabolic 
derangements, multifactorial oedema; intracranial mass 
lesions and increased intracranial pressure of several ae-
tiologies [7,9,11-13]. This cascade amplifies the initial 
traumatic injury and significantly worsens outcomes.  

Therapeutic strategies are initiated as early as possible 
after the primary insult to prevent secondary brain injury 
and potential subsequent worsening of outcome [3,9, 
11,12]. Adequate oxygenation and maintenance of suffi-
cient blood pressure to ensure cerebral perfusion are of 
paramount importance. A single episode of hypotension 
in patients with severe TBI is associated with a doubling 
in mortality (60% vs 27%) [14]. The presence of hypoxia 
in addition to hypotension is associated with a mortality 
of approximately 75% [14].  

After initial resuscitation, the majority of medical and 
surgical effort goes into diagnosing and alleviating in-
creased intracranial pressure. Once the point of decom-
pensation on the intracranial volume—pressure curve is 
reached, salvaging the patient becomes exponentially 
more difficult and neurological decline and death is im-
minent. 

For a more detailed description of the physiology of 
brain injury the authors refer you to Guyton and Hall, 
Textbook of medical physiology 12th Ed. 

4. Assessment 

Initial assessment of trauma casualties in the military 
setting can be challenging for medical professionals, not 

only because of the unique austere environment in which 
assessment must take place, but also because the inci- 
dence of multiple severely injured personnel is often high. 
A typical ratio of dead to injured following a blast is 4:35 
[15] making rapid assessment and treatment challenging 
for first responders. Unlike the civilian adage of the most 
sick receiving the most care, in field situations, injured 
personnel must rapidly be triaged into those likely to 
return to duty, those requiring evacuation and those un- 
likely to survive [7]. This utilitarian approach ensures 
appropriate deployment of medical expertise to provide 
essential care to those who will benefit from it the most 
and attain the best results for individuals and the unit in 
the given tactical conditions [7]. 

Similar to civilian settings initial assessment should 
follow Advanced Trauma Life Support (ATLS) proto- 
col consisting of repeated primary and secondary surveys 
maintaining C-spine protection at all times [7]. Although 
there is limited class 1 evidence on the usefulness of 
GCS and pupillary examination in the battlefield, it is 
accepted and indeed recommended as the means of as-
sessing neurological status and by proxy, severity of head 
injury [7]. The absolute GCS and baseline pupillary size, 
symmetry and response to light should be recorded. Se-
rial examination of these parameters will identify neuro-
logical decline which dictates subsequent treatment and 
triage [7].  

It is important to note that many non-CNS factors can 
confound a neurological examination. For example a 
hypotensive patients’ neurological examination is unre-
liable and may return to near-normal following resuscita-
tion to euvolaemia [16]. Blast injury to the globe can 
cause a traumatic iridoplegia that will leave the patient 
with fixed dilated pupils that in this case are not neces-
sarily a sign of severe TBI [7].  

5. Management of Mild TBI 

Mild TBI, often referred to as concussion, is defined as a 
GCS of 14 - 15. Signs and symptomatology can be subtle 
and diagnosis often requires specialised assessment tools. 
A patient suffering a mild TBI may exhibit confusion, 
amnesia or a brief loss of consciousness [1,4,8]. Despite 
of the initially minor symptomatology, the intracranial 
injury may evolve and patients may deteriorate and re-
quire surgery. Following the injurious event, typically a 
blast, disruption of cerebral auto-regulation can lead to 
cerebral hyperaemia. At this stage a second insult to the 
brain can cause malignant cerebral oedema. This sce-
nario is often referred to as the second impact syndrome, 
and although rare, it carries a significant mortality if not 
promptly treated. 

It is important to remove patients with suspected mild 
TBI from duty for observation and reassessment [8]. 
Tactical conditions may not allow this of course. The 
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majority of patients with acute symptomatology secon-
dary to a mild TBI will not require specific medical treat- 
ment per se. The decision to return to duty will be based 
on factors such as the likely threat the injury poses to the 
patient and also the patient’s ability to continue to make 
life-and-death decisions [7]. Serial neurological exami- 
nations are invaluable in monitoring patients’ condition 
and also to aid decision making. If the patient’s GCS 
deteriorates, the decision to remove from the field be- 
comes easy. If they rapidly return to normal and are ori- 
ented to time, place, person and situation, a case may be 
made for return to duty [7]. 

Concussion in soldiers is strongly associated with 
post-traumatic stress disorder and non-specific physical 
complaints 3 - 4 months after returning home [4,5]. Mul-
tiple mild TBIs may be cumulative in their effects and 
increase morbidity in those exposed [5]. Pre and post 
deployment screening of all personnel is essential to 
identify those at greatest risk of developing morbidity 
upon their return from deployment. Those personnel ex-
posed to a blast should be subject to more detailed as-
sessment [5]. Both the Australian Defence Force and the 
U.S. Department of Defence have specialised screening 
tools [2,5,17]. Identification of those at risk, education 
and early intervention programs are effective at reducing 
sequelae of mild TBI for individuals [5] and by extension 
society. 

6. Management of Moderate and Severe TBI 

The approach to the management of moderate and severe 
TBI is best considered together as the principles are the 
same, as is the aggressive nature with which they must be 
applied. A moderate TBI renders the casualty GCS 9 - 13. 
These patients are prone to neurological decline and 
without appropriate management can deteriorate to a 
severe TBI (GCS 3 - 8). Hypotension and hypoxia are the 
principal causes of deterioration in head-injured patients 

[3,9,18]. Hypotension is not usually due to the brain in-
jury itself, except in the terminal stages when medullary 
failure supervenes. Hypotension is more often due to 
hypovolaemia from blood loss, which may be occult. 
50% of battlefield casualties are attributed to exsan-
guination [19]. Mortality due to severe TBI is decreasing 
compared with previous conflict, but remains high at up 
to 25% [20]. 

A patent airway must be ensured in all patients with 
moderate - severe TBI. Any individual with a GCS < 9 or 
any other factor threatening airway security, for example 
impending obstruction, should be managed with en-
dotracheal intubation [3,7]. These patients should receive 
supplemental oxygenation and be ventilated to normo-
carbia [7,21]. Prophylactic hyperventilation has been shown 
to be harmful and should be avoided [22,23]. Monitoring 
of oxygen saturations, (ensuring levels greater than 90%), 

and pCO2/end tidal CO2 are essential [7]. Concomitant 
pulmonary blast injury is common and should be antici- 
pated [10].   

The most important intervention in stabilising circula-
tion in trauma patients is to identify and correct ongoing 
haemorrhage if possible [3]. Intravascular resuscitation is 
also essential to maintain intravascular volume and criti-
cal perfusion pressure in those that are hypotensive. 
There is no class 1 evidence dictating ideal BP end points, 
however a systolic BP of 90 mmHg is suggested as the 
minimum. Isotonic saline is an appropriate resuscitation 
fluid [7].  

Brain targeted therapy can be instituted at any time if 
an individual begins to demonstrate signs of cerebral 
herniation such as uni/bilateral fixed and dilated pupils, 
asymmetric motor posturing or declining mental status 
[7]. Hyperventilation and hyperosmolar therapy with 
mannitol or hypertonic saline are the therapies of choice. 
Hyperventilation will reduce ICP by causing cerebral 
vasoconstriction and hence decrease cerebral volume. 
There is evidence that suggests patients subjected to ex-
tended periods of hyperventilation have poorer outcomes 
at 3 and 6 months and so this should only be employed as 
a temporising measure prior to more definitive care [7]. 
Hyperosmolar therapy reduces ICP by favouring move-
ment of water out of the brain and also by improving 
flow dynamics of blood [7]. Hypertonic saline has a lo-
gistical advantage over mannitol in that smaller volumes 
can be used. However, the evidence for efficacy of hy-
perosmolar agents mostly pertains to mannitol [7]. 

Following stabilisation many of these patients will re-
quire evacuation to facilities equipped to offer neurosur-
gical care prior to transfer to definitive care. The timing, 
mode and indeed the decision to evacuate will depend 
not only on medical priorities but tactical and logistic 
issues as dictated by the field situation [7]. Patients with 
a GCS of 3 - 8 should immediately be evacuated to a 
facility offering 24-hour CT scanning and 24-hour oper-
ating room facilities staffed to deliver prompt neurosur-
gical care [7]. Removal from the field of those that are 
GCS 9 - 13 is not as emergent however should be 
achieved in as timely a fashion as possible. 

7. Further Medical Management 

7.1. Monitoring 

Monitoring of vital functions is essential in all person- 
nel with TBI. Blood oxygen saturations and end tidal 
CO2 should be mandatory. Arterial lines should be em- 
ployed to provide accurate BP monitoring where avail- 
able. Jugular venous O2 saturations should be monitored 
if aggressive hyperventilation is being considered. All 
patients with severe TBI deemed potentially salvageable 
should have intracranial pressure monitoring [7,21,24]. 
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7.2. ICP Assessment and Control of Intracranial  
Hypertension (IC-HTN) 

After initial resuscitation, the majority of medical and 
surgical effort goes into diagnosing and alleviating IC- 
HTN. Once the point of decompensation on the intracra- 
nial volume—pressure curve is reached, salvaging the 
patient becomes exponentially more difficult and neuro- 
logical decline and death is imminent.  

Clinical signs of IC-HTN include; pupillary dilatation 
(unilateral or bilateral); asymmetric pupillary reaction to 
light; decorticate or decerebrate posturing or progressive 
deterioration of the neurological exam not attributable to 
identifiable extra-cranial factors [3]. Cushing’s triad (of 
hypertension, bradycardia, respiratory abnormalities) is a 
late sign, present in ~33% of cases of IC-HTN [25,26]. 

Intracranial pressure is measured using an intraven-
tricular catheter (IVC) or probe [3]. Insertion is an inva-
sive procedure, requiring excellent sterility but minimal 
equipment. Potential complications include haemorrhage, 
which is clinically significant in 2% of cases, and more 
likely in a multitrauma or coagulopathic patient. A ven-
tricular catheter can also be used to rapidly reduce CSF 
pressure in acute hydrocephalus. ICP should be kept < 20 
mmHg in all cases [25]. 

Additional measures to control ICP include: 
 Elevate head of bed to 30 - 45 degrees to decrease 

ICP by enhancing venous outflow; 
 Avoid hypertension as this will contribute to hyper-

aemia and increase ICP; 
 Ventilate to normocarbia as reduced CO2 will cause 

cerebral vasoconstriction and reduce cerebral blood 
flow thereby decreasing intracranial volume. This 
should be used with care; 

 Sedation reduces elevated sympathetic tone and hy-
pertension induced by movement. 

If the general measures listed above fail to adequately 
control IC-HTN, the management can include heavy se- 
dation, hypertonic saline, drainage of CSF, aggressive 
hyperventilation and mannitol. Hypothermia is not proven 
as an effective intervention. Surgical decompression is an 
excellent option if available. 

Mannitol and hypocarbia are useful as short term 
measures if definitive surgical care is anticipated [22]. 
Their main use is as a temporizing measure in a patient 
with uncal herniation. Hyperventilation can reduce the 
ICP 25% - 30% with a PaCO2 of 29 mmHg, but can 
cause a worsening of the cerebral blood flow and an ex- 
acerbation of injury [22,23]. They should be used cau- 
tiously, and avoided in volume depleted patients or those 
with chest injuries [21]. Corticosteroids have no role in 
the acute management of head trauma [27].  

7.3. Prophylactic Anti-Epileptic Drugs 

The incidence of early post traumatic seizures (PTS) in 

patients with severe TBI is ~30%; and that of late PTS in 
the same patient group is ~10% - 13% [8]. Prophylactic 
use of anti-epileptic drugs (AEDs) is indicated in patients 
with severe TBI to reduce the incidence of early PTS and 
avoid adverse effects associated with seizures such as 
increased ICP, increased BP, metabolic dysfunction and 
increased oxygen demand [28]. Patients with acute in-
tracranial mass lesions; open-depressed skull fractures 
with parenchymal injury; penetrating injury and seizures 
within the first 24 hours are all high-risk for early PTS 
[28]. Continuation of AEDs longer than one week is 
generally unhelpful except in those with penetrating inju-
ries. Prophylactic AED use does not reduce the incidence 
of late PTS [29]. 

7.4. Surgical Management 

Surgical management of the head-injured patient may be 
used in the treatment of skull fractures, IC-HTN, pene- 
trating skull injuries, scalp wounds and the evacuation/ 
decompression of intracranial mass lesions.  

Closed depressed skull fractures may be managed sur-
gically or medically. There is no difference in outcomes 
in terms of seizure incidence, neurologic dysfunction or 
cosmetic appearance [30]. Open depressed fractures tend 
to be managed surgically if the fragment is depressed 
more than the thickness of the calvaria (or arbitrarily > 1 
cm) and if there is evidence of dural penetration, signifi-
cant intracranial haematoma, frontal sinus involvement, 
contamination or gross deformity [30]. Extradural hae- 
matomas (EDH) occur in up to 8% of TBI [20]. Patients 
with EDH and a GCS < 9, or an estimated volume > 30 
ml should undergo urgent surgical evacuation. Acute 
subdural haematomas (SDH) are equally common as 
EDH [20], and may be more insidious in their develop-
ment. The optimal management is usually surgical 
evacuation, recommended within 4 hours.  

Current principles in management of severe TBI rely 
on ICP monitoring, aggressive early decompressive cra- 
niectomy (DECRA), removal of fragments where symp-
tomatic or accessible, watertight dural closure and a de-
layed cranioplasty with a synthetic plate [31]. A high 
index of suspicion needs to be maintained for intracranial 
vascular damage, including traumatic aneurysms and 
vasospasm, with a preparedness to treat at the time of 
DECRA [32].  

Frontotemporoparietal DECRA is recommended for 
unilateral injuries and swelling, and bifrontal DECRA for 
bilateral frontal lobe and/or temporal lobe swelling as 
evident on CT [33]. The craniotomy should be at least 12 
cm diameter for effective decompression and prevention 
of ischaemia of the brain at the wound margins. Dural 
substitute onlay is preferred to harvesting pericranial 
grafts, in order to minimize operating time [33]. Indica-
tion for surgery include recalcitrant ICP’s, or a severe 
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TBI awaiting aeromedical transport.  
Operation can reduce ICP to < 20 mmHg in 85% of 

patients [11]. Approximately 30% of this pressure drop is 
due to removal of the bone flap and the remaining 70% 
to the durotomy [11]. Some authors suggest the proce-
dure needs to occur within 6 hours of the TBI due to the 
rapidity with which life-threatening cerebral oedema can 
occur (11).  

7.5. Evacuation 

Aeromedical evacuation of TBI after initial neurosurgical 
stabilisation is a very dangerous period for these patients 
and carries a mortality rate of approximately 4.4% [34]. 
Physiological stressors in flight include but are not lim-
ited to hypoxia, barotrauma, arterial gas embolism, and 
temperature shifts [35]. All available physiological moni- 
toring should be employed to ensure secondary brain 
injury and subsequent neurological decline is avoided. 
Monitoring of intracranial pressure during aeromedical 
transport is mandatory for any casualty suffering a severe 
TBI.  

8. Summary 

The significance of TBI in military and civilian settings 
cannot be over-stated. It is a common and devastating 
injury with the potential for long-lasting, far-reaching 
effects. The financial implications alone are astronomical, 
not to mention the more occult and pervasive effects on 
individuals and society. For these reasons, the investiga-
tion into the epidemiology of TBI in military personnel is 
continuing. The current best practice evidence-based gui- 
delines for management of combat-related head trauma 
must continue to be augmented by further research into 
the utility of current principles specifically in battlefield 
scenarios [7].  

The profile of TBI in the military environment is 
somewhat different to that of the civilian setting. Patients 
are of a younger and more resilient demographic, with a 
higher incidence of blast-related head trauma [36]. Initial 
assessment and management of TBI in the field mirrors 
civilian protocols whereby expeditious stabilisation of 
cardiopulmonary status is required to avoid secondary 
insults. Attainment of best possible outcomes for these 
patients subsequently depends greatly on aggressive ma- 
nagement of intracranial hypertension, damage control 
neurosurgery and evacuation through vehicles of oppor- 
tunity and critical care aeromedical teams [35] to defini- 
tive care. 
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