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Traumatic brain injury (TBI) is a nondegenerative, noncongenital
insult to the brain from an external mechanical force, possibly
leading to permanent or temporary impairment of cognitive,
physical and psychosocial factors with an associated diminished
or altered state of consciousness.

TBI is a heterogeneous disease. There are many different ways
to categorise patients in terms of clinical severity, mechanism
of injury, and pathophysiology, each of which may impact
prognosis and treatment.?

TBI has traditionally been classified using injury severity scores.
The Glasgow Coma Scale (GCS) is the most commonly used.3 The
GCS is universally accepted because it is simple, reproducible
and has predictive value for overall prognosis. A GCS score of
13-15 is considered mild TBI, 9-12 is considered moderate TBI,
and 8 or less is considered severe TBI. It is, however, limited by
confounding factors such as medical sedation and paralysis,
endotracheal intubation, and intoxication. All these factors are
often prominent in patients with a low GCS score.**

Pathophysiology

The pathophysiology of TBl-related brain injury is divided into
primary brain injury and secondary brain injury.

Primary brain injury occurs at the time of trauma. The

mechanisms include direct impact, rapid acceleration/
deceleration, penetrating injury, and blast waves. They all result
from external mechanical forces transferred to intracranial
contents. The damage that results includes a combination of
focal contusions and haematomas, as well as shearing of white
matter tracts (diffuse axonal injury) along with cerebral oedema

and swelling.2

Secondary brain Injury in TBI is usually considered as a cascade
of molecular injury mechanisms that are initiated at the time of
initial trauma and continue for hours or days. These mechanisms
include neurotransmitter-mediated excitotoxicity causing
free-radical injury to cell membranes, electrolyte imbalances,

mitochondrial dysfunction, inflammatory responses, apoptosis

and secondary ischaemia from vasospasm, focal microvascular
occlusion and vascular injury.5"

These lead in turn to neuronal cell death as well as to cerebral
oedema and increased intracranial pressure that can further
exacerbate the brain injury. A critical aspect of preventing
secondary brain injury after TBI is the avoidance of secondary
brain insults, which would otherwise be well-tolerated but can
exacerbate neuronal injury in cells made vulnerable by the initial
TBI. Examples include hypotension and hypoxia (which decrease
substrate delivery of oxygen and glucose to injured brain), fever
and seizures (which may further increase metabolic demand),
and hyperglycaemia (which may exacerbate on-going injury
mechanisms).?

Traumatic brain injury guidelines

One of the major advances over the past 2 decades in
the management of patients with severe TBI has been
the development of standardised approaches that follow
international guidelines.'>'*The guidelines use existing evidence
to provide recommendations for current care in order to lessen
heterogeneity and improve patient outcomes. The lack of
randomised clinical trials addressing many aspects of care in the
severe TBI patient does unfortunately mean that the strength
of supporting data for most treatment concepts is relatively
weak." Despite this there is evidence that in centres with
neurosurgical support, where protocol-driven neurointensive
care units operate on these guidelines, the patient outcomes are
better.'>1

Patients with severe TBI may frequently have other traumatic
injuries with management being complex and requiring a
multidisciplinary approach. The management lends itself to
protocol-based treatment and standardised hospital order sets
derived from these guidelines.'*

Brain Trauma Foundation Guidelines for the
Management of Severe Traumatic Brain Injury (4t
Edition)2

The Brain Trauma Foundation is a service organisation dedicated
to improving outcomes from TBI. The aim is to produce evidence-
based guidelines, not comprehensive protocols. Development
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of rigorous and comprehensive evidence-based protocols is
essential to the appropriate utilisation of these guidelines.

The scope of the guidelines was not to cover all topics relevant
to the care of patients with severe TBI. The guidelines address
treatments, monitoring and treatment thresholds specific to TBI.

In this 4t Edition, there are 189 publications used for evidence
- 5Class 1, 46 Class 2, 136 Class 3 studies, and 2 meta-analyses,
to support 28 recommendations covering 18 topics. Ninety-
four new studies were added to the evidence between the
3d and 4" Editions. The guidelines include changes in the
evaluation of previous work, an increase in the quality of the
included studies, and essential improvements in the precision
of the recommendations. Despite these improvements, the
recommendations are limited in many areas reflecting persisting
gaps in the evidence base for severe TBI management.

The 4t Edition was developed as ‘Living Guidelines, meaning
that it is transitional. There is no intention to produce a 5t
Edition; instead the Brain Trauma Foundation is moving to a
model of continuous monitoring of the literature, rapid updates
to the evidence review, and revisions to the recommendations as
the evidence warrants.

The development of the guidelines involved two major activities:
firstly, a systematic review and synthesis of the evidence, and
secondly, the derivation of recommendations. Class 1, 2, or 3
studies constitute the evidence on which recommendations are
based. Class 1 is the highest class and is limited to good-quality
randomised controlled trials (RCTs). Class 2 includes moderate-
quality RCTs and good-quality cohort or case-control studies.
Class 3 is the lowest class and is given to low-quality RCTs,
moderate- to low-quality cohort or case-control studies, and
case series and other non-comparative designs.

The level of recommendation is determined by the assessment
of the quality of the body of evidence, rather than the class of
the included studies. Level | recommendations were based on
a high-quality body of evidence. Level IIA recommendations
were based on a moderate-quality body of evidence. Level IIB
and lll recommendations were based on a low-quality body of
evidence. The class of studies in the body of evidence was the
basis for making the distinction between a Level IIB or a Level
Il recommendation. Level IIB recommendations were based
on a body of evidence with Class 2 studies that provided direct
evidence but were overall low quality. Level Ill recommendations
were based on Class 3 studies or on Class 2 studies providing
only indirect evidence. If the evidence was insufficient, no
recommendation was made.

Topics included in this edition are organised in three categories
that are specific to severe TBI in adults.

Part 1: Treatments
1. Decompressive craniectomy (DC)

Several pathological mechanisms associated with primary
and secondary injury patterns in TBI can result in cerebral
oedema.' As the pressure within the skull increases, cerebral
herniation can occur resulting in disability or death.’®" DC
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(surgical removal of a portion of the skull) has been performed
for relieving increased intracranial pressure with improvement
in some TBI patients.2>?' However, with data now available
from the DECRA trial (Decompressive Craniectomy In
Diffuse Traumatic Brain Injury, 2011) and the RESCUEicp
trial (Randomised Evaluation of Surgery with Craniectomy
for Uncontrollable Elevation of intracranial pressure, 2016)
there is likely to be concern that lifesaving surgery may not
predictably result in sufficiently good functional survival as
more survivors in the surgical group than in the medical group
were dependent on others.?0-22

Recommendations

Level |

= Insufficientevidence to supportaLevel Irecommendation.

Level lIA

= Bifrontal DC is not recommended to improve outcomes
as measured by the Glasgow Outcome Scale-Extended
(GOS-E) score at six months post-injury in severe TBI
patients with diffuse injury (without mass lesions),
and with intracranial pressure (ICP) elevation to values
> 20 mm Hg for more than 15 minutes within a 1-hour
period that are refractory to first-tier therapies. However,
this procedure has been demonstrated to reduce ICP and
to minimise days in the intensive care unit (ICU).

= A large frontotemporoparietal DC (not less than 12 x
15 cm or 15 cm diameter) is recommended over a small
frontotemporoparietal DC for reduced mortality and
improved neurologic outcomes in patients with severe
TBI.2022

Prophylactic hypothermia

Hypothermia is well recognised to preserve cells and tissue
in the face of metabolic challenges. Evidence supports
the administration of hypothermia as standard of care for
neuroprotection after cardiac arrest from acute coronary
syndromes.?*?* In addition to suggested neuroprotective
effects, hypothermia is well known for its ability to reduce
ICP. There has been long-standing interest in applying
hypothermia post central nervous system trauma; however,
benefit cannot be presumed. Hypothermia is also associated
with many complications, including coagulopathy and
immunosuppression, and profound hypothermia bears
the additional risk of cardiac dysrhythmia and death.?
Hypothermia can be administered as either “prophylactic”
(early after injury and prior to ICP elevation) or “therapeutic”
(treatment for refractory ICP elevation). The quality of the
body of evidence for the comparison of hypothermia with
normothermia is low because the findings were inconsistent.

Recommendations

Level land IIA

= Insufficient evidence to support a Level | or IIA

recommendation.
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Level IIB

= Early (within 2.5 hours), short-term (48 hours post-injury)
prophylactic hypothermia is not recommended to
improve outcomes in patients with diffuse injury.2

3. Hyperosmolar therapy

Mannitol and hypertonic saline are both hyperosmolar
agents routinely employed in North America. Hypertonic
saline administration may be hazardous for a hyponatraemic
patient.?” Although mannitol can be used as a resuscitation
fluid, its eventual diuretic effect is undesirable in hypotensive
patients and attention needs to be paid to replacing
intravascular volume loss.2® While mannitol was previously
thought to reduce ICP through simple brain dehydration, both
mannitol and hypertonic saline work to reduce ICP, at least in
part, through reducing blood viscosity, leading to improved
microcirculatory flow of blood constituents and consequent
constriction of the pial arterioles, resulting in decreased
cerebral blood volume and ICP27-2°

Recommendations

Level I, Il, and Il

= Although hyperosmolar therapy may lower ICP, there was
insufficient evidence about effects on clinical outcomes
to support a specific recommendation, or to support
use of any specific hyperosmolar agent, for patients with
severe TBI.

4. Cerebrospinal fluid drainage

External ventricular drainage (EVD) systems in patients
with severe TBI are a controversial topic. An EVD in a closed
position allows for monitoring of ICP, while in an open position
drainage of cerebrospinal fluid (CSF) can occur. Practice
patterns regarding whether the EVD should be maintained in
a closed or open position vary widely based on a number of
variables, including patient age, institutional resources, and
physician preferences.

Recommendations

Level land Il

= Insufficient evidence to support a Level | or |l
recommendation.

Level lll

= An EVD system zeroed at the midbrain with continuous
drainage of CSF may be considered to lower ICP burden
more effectively than intermittent use.

= Use of CSF drainage to lower ICP in patients with an initial
GCS < 6 during the first 12 hours after injury may be
considered.®

5. Ventilation therapies

Patients with severe TBI require definitive airway protection
because they may have a compromised respiratory drive
and may be at risk of pulmonary aspiration. Under normal
conditions, PaCO, (partial pressure of carbon dioxide in arterial
blood) is the most powerful determinant of cerebral blood

flow (CBF) and, between a range of 20 mmHg and 80 mmHg,
CBF is linearly responsive to PaCO,. Cerebral blood flow is
important in meeting the brain’s metabolic demands. Low
PaCO, results in low CBF and may result in cerebral ischaemia
while high PaCO, levels can result in cerebral hyperaemia and
high intracranial pressure (ICP).? Older studies suggested
that cerebral hyperaemia was more common than cerebral
ischaemia, and hyperventilation was recommended in the
care of patients with TBI.3'32 Cerebral ischaemia has, however,
been documented in a number of studies after severe TBI,
changing longstanding recommendations concerning
ventilation therapy.®33> The Brain Trauma Foundation does
however recognise the potential need for hyperventilation as
a temporising measure.

Recommendations

Level land IIA

= Insufficient evidence to support a Level | or IIA
recommendation.

Level IIB

= Prolonged prophylactic hyperventilation with PaCO, of
25 mmHg or less is not recommended.

6. Anaesthetics, analgesics and sedatives

Anaesthetics, analgesics and sedatives are important in TBI
for a variety of reasons, including prophylaxis or control
of intracranial hypertension and seizures.%¥ Anaesthetics
and sedatives work presumably by preventing unnecessary
movement, coughing, and straining against tubes as well
as suppression of metabolism and alteration of cerebral
vascular tone. Depressed cerebral metabolism and oxygen
consumption is said to be neuro-protective in some
patients.3”3® Another brain protective mechanism includes
inhibition of oxygen radical mediated lipid peroxidation.373940
The side-effects of these drugs, such as hypotension and
decreased cardiac output, may, however, give rise to a
paradoxical decrease in cerebral perfusion pressure which
may negate the benefits of decreased ICP373° Sedation will
also preclude the physical examination in following a patient’s
progress.

Recommendations

Level | and IIA

= Insufficient evidence to support a Level | or Level IIA
recommendation.

Level IIB

= Administration of barbiturates toinduce burst suppression
measured by EEG as prophylaxis against the development
of intracranial hypertension is not recommended.

= High-dose barbiturate administration is recommended
to control elevated ICP refractory to maximum standard
medical and surgical treatment. Haemodynamic stability
is essential before and during barbiturate therapy.*'

s Although propofol is recommended for the control of ICP,
it is not recommended for improvement in mortality or
six-month outcomes. Caution is required as high-dose
propofol can produce significant morbidity.*243
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7. Steroids pneumonia and may cause an increased risk of acute
. respiratory distress syndrome.®®
Recommendations
Level lll
Level |

= The use of steroids is not recommended for improving
outcome or reducing ICP. In patients with severe TBI, high-
dose methylprednisolone was associated with increased
mortality and is contraindicated.*-4¢

8. Nutrition

Severe TBI is associated with increased energy expenditure
early after injury.#” More recent evidence suggests that
contemporary neurocritical care may blunt this response.#4°
There is an increase in serum glucose observed after severe
stress, including severe TBI.>° Despite studies showing an
improved outcome in critically ill patients in whom insulin
was used to control this response, “tight glucose control” in
patients with severe TBI could have a deleterious effect.>'*?
For glycaemic control, the available evidence was inconsistent
and insufficient to support a recommendation.

Recommendations

Level |

= Insufficientevidence to supportaLlevel lrecommendation.

Level lIA

s Feeding patients to attain basal caloric replacement at
least by the fifth day and, at most, by the seventh day
post-injury is recommended to decrease mortality.>35*

Level IIB

= Transgastric jejunal feeding is recommended to reduce
the incidence of ventilator-associated pneumonia.>s5¢

9. Infection prophylaxis

Infection risks such as ventilator-associated pneumonias (VAP)
and central line-associated bacteraemia are increased in all
critically ill patients.? Patients undergoing ICP monitoring are
reported to have related infection rates as high as 27%.°” There
is a strong movement to reduce hospital-acquired infections
and minimise their potentially devastating effects on hospital
morbidity, mortality, and length of stay.

Recommendations

Level |

= Insufficientevidence to supportaLevel lrecommendation.

Level lIA

= Early tracheostomy is recommended to reduce
mechanical ventilation days when the overall benefit is
felt to outweigh the complications associated with such
a procedure. However, there is no evidence that early
tracheostomy reduces mortality or the rate of nosocomial

pneumonia.>®*°

= The use of povidone-iodine (Pl) oral care is not

recommended to reduce ventilator-associated

®

= Antimicrobial-impregnated catheters may be considered
to prevent catheter-related infections during EVD.61-64

10. Deep vein thrombosis (DVT) prophylaxis

Severe TBI patients are high risk for venous thromboembolism
(VTE) due to a number of reasons including, hypercoagulability
resulting from the primary brain injury, prolonged periods
of immobilisation, and focal motor deficits.5>® If untreated,
DVT can result in potentially debilitating or fatal pulmonary
embolism. Problematically, drugs used have the potential
to result in clinically significant intracranial haemorrhage
expansion.

Recommendations

Level land Il

= Insufficient evidence to support a Level | or |l

recommendation.

Level lll

= Low molecular weight heparin (LMWH) or low-dose
unfractioned heparin may be used in combination with
mechanical prophylaxis. However, there is an increased
risk for expansion of intracranial haemorrhage.

In addition to compression stockings, pharmacologic
prophylaxis may be considered if the brain injury is stable
and the benefit is considered to outweigh the risk of
increased intracranial haemorrhage. There is insufficient
evidence to support recommendations regarding the
preferred agent, dose, or timing of pharmacologic
prophylaxis for deep vein thrombosis.*°

11. Seizure prophylaxis

Seizures may occur secondary to TBI and are classified as early
post-traumatic seizures (PTS) if they occur within seven days of
the injury, or late when they occur after seven days following
the injury.’2 The risk factors for early PTS include: GCS of < 10;
immediate seizures; post-traumatic amnesia lasting longer
than 30 minutes; linear or depressed skull fracture; penetrating
head injury; subdural, epidural, or intracerebral haematoma;
<

cortical contusion; age < 65 years; or chronic alcoholism.”®
Post-traumatic epilepsy (PTE) is defined as recurrent seizures
more than seven days following injury.'”? Those most at risk
for PTE are individuals who have suffered the following:
severe TBl and early PTS prior to discharge; acute intracerebral
haematoma or cortical contusion; posttraumatic amnesia
lasting longer than 24 hours; age > 65 years; or premorbid
history of depression.”® Seizure prophylaxis for PTS refers to
the practice of administering anticonvulsants to patients
following TBI in order to prevent the occurrence of seizures.

Recommendations

Level |

=  Insufficientevidence to supportaLevell recommendation.
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Level lIA

= Prophylactic use of phenytoin or valproate is not
recommended for preventing late PTS.

= Phenytoin is recommended to decrease the incidence of
early PTS (within seven days of injury), when the overall
benefit is felt to outweigh the complications associated
with such treatment. However, early PTS have not been
associated with worse outcomes.”

At the present time there is insufficient evidence to
recommend levetiracetam over phenytoin regarding
efficacy in preventing early PTS and toxicity.”?

Part li: Monitoring

It is not monitoring that affects outcomes but rather using the
information from the monitoring to direct treatment that will. It
is important to acknowledge that clinical practice in most high-
income countries incorporates multiple monitoring approaches
whereas limited resources in low- and middle-income countries
often do not allow for monitoring. Therefore, the application
of these guidelines will vary depending upon the medical
environment in which they are used.

12. Intracranial pressure monitoring

Cerebral swelling after TBI can lead to brain herniation which
leads first to death of those areas of the brain and ultimately
of the brain itself. Intracranial hypertension is an important
secondary insult after severe TBI, and its alleviation plays a
pivotal role in providing good patient care to achieve optimal
outcomes.

Recommendations

Level land IIA

= Insufficient evidence to support a Level | or IIA
recommendation.

Level IIB

=« Management of severe TBI patients using information
from ICP monitoring is recommended to reduce in-
hospital and 2-week post-injury mortality.”>76

13. Cerebral perfusion pressure (CPP) monitoring
CPP = MAP-ICP/JVP (whichever is greater)
MAP = Mean arterial pressure
ICP = Intracranial pressure
JVP = Jugular venous pressure

The question remains as to whether CPP can, itself, influence
outcome, separate from MAP and ICP monitoring.

Recommendations

Level |

= Insufficientevidence to supportaLevel l[recommendation.

Level IIB

= Management of severe TBI patients using guidelines-
based recommendations for CPP monitoring is
recommended to decrease two-week mortality.”

14. Advanced cerebral monitoring

When oxygen or glucose delivery to tissue is limited to the
point that tissue needs are not met, metabolism fails and
cells die. Advanced cerebral monitoring techniques for blood
flow and oxygen include: transcranial Doppler (TCD)/duplex
sonography, differences between arterial and arterio-jugular
venous oxygen (AVDO,) (measuring cerebral O, extraction),
and measurements of local tissue oxygen. Additional
monitoring methods include microdialysis to measure brain
metabolism (glucose, lactate, pyruvate, and glutamate)
and electrocorticography to determine cortical spreading
depression; however, use of these last two monitoring
techniques is not common outside of research settings. The
relationship between brain tissue oxygen, oxygen delivery,
and diffusion of dissolved oxygen across the blood brain barrier
is not simple. Theoretically, use of advanced monitoring in
tandem with ICP and CPP monitoring adds to the assessment
of brain metabolic needs and the effects of therapies to meet
them. However, all techniques have limitations and potential
risks.

Recommendations

Level land Il

= Insufficient evidence to support a Level | or I
recommendation.

(Although patients with desaturations identified with
advanced cerebral monitoring have poorer outcomes,
Level Il evidence showed no improvement in outcomes
for monitored patients.)

Level lll

s Jugular bulb monitoring of arteriovenous oxygen
content difference (AVDO,), as a source of information
for management decisions, may be considered to reduce
mortality and improve outcomes at three and six months
post-injury.”’7

Part lii: Thresholds

The threshold can be a value to avoid in order to decrease the
probability of negative outcomes or a value to aim for in order
to increase the probability of positive outcomes, and it can be a
value that triggers a change in treatment.

15. Blood pressure thresholds

If autoregulation remains intact, a drop in systolic blood
plressure (SBP) triggers an auto regulatory vasodilation in an
attempt to maintain adequate brain perfusion. This results
in increased cerebral blood volume, which in turn elevates
intracranial pressure. If autoregulation is not intact, there is
dependency on SBP to prevent cerebral ischaemia, which
has been ascribed to be the single most important secondary
insult.
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Recommendations

Level land Il

= Insufficient evidence to support a Level | or |l
recommendation.

Level Ill

= Maintaining SBP at > 100 mmHg for patients 50 to
69 years old or at = 110 mmHg or above for patients
15 to 49 or over 70 years old may be considered to
decrease mortality and improve outcomes.”>

16. Intracranial pressure thresholds

The Monro-Kellie hypothesis states that under normal
conditions, the intracranial compartment space, cerebral blood
volume, and volume inside the cranium are fixed volumes. If
any of these component volumes increase, then compensation
must occur to maintain ICP within normal range. It isimportant
to remember that ICP must be considered in the context of its
inverse relationship with cerebral perfusion pressure.

Recommendations

Level | and IIA

= Insufficient evidence to support a Level | or IlIA
recommendation.

Level IIB

= Treating ICP above 22 mm Hg is recommended because
values above this level are associated with increased
mortality.?

Level lll

= A combination of ICP values and clinical and brain CT
findings may be used to make management decisions.®?

17. Cerebral perfusion pressure thresholds

CPP, at least to some degree, is a surrogate measure for
the delivery of nutrients to the brain. Patients with intact
autoregulation are best served by higher CPP values while
patients with dysfunctional
autoregulation do better with lower CPP values.

pressure-passive pressure

Recommendations

Level | and IIA

= Insufficient evidence to support a Level | or IIA
recommendation.

Level IIB

= The recommended target CPP value for survival and
favourable outcomes is between 60 and 70 mmHg.
Whether 60 or 70 mmHg is the minimum optimal CPP
threshold is unclear and may depend upon the patient’s
auto regulatory status.828+

Level lll

= Avoiding aggressive attempts to maintain CPP above
70 mmHg with fluids and pressors may be considered
because of the risk of adult respiratory failure.%

18. Advanced cerebral monitoring thresholds

The goal of medical management for severe TBI patients
is to ensure that oxygen and nutrient delivery to the brain
is optimised. The only way to be assured that this is being
achieved to the greatest extent possible is to measure brain
metabolites which provide reassurance that the needs of
oxidative metabolism are being met. Substantial gaps in our
knowledge currently exist regarding how the data provided
by advanced cerebral monitors should be used. Uncertainty
remains as to the precise thresholds that should be employed.

Recommendations

Level land Il

= Insufficient evidence to support Level | or |

recommendation.

Level lll

= Jugular venous saturation of < 50% may be a threshold
to avoid in order to reduce mortality and improve
outcomes 867

Conclusion

Although there have been some major developments in severe

TBI management, for some topics it was not possible to make

new evidence-based recommendations. The Brain Trauma
Foundation vision is a recursive structure for the reviews and
guidelines to contribute to the development and execution of
a research agenda that can provide the evidence base for better
guidelines.?

References

1. Dawodu ST. Traumatic brain injury (TBI)-definition, epidemiology,
pathophysiology. Medscape Reference: Drugs, Diseases and Procedures. 2011.

2. Hempbill JC. Traumatic brain injury: Epidemiology, classification, and
pathophysiology 2018 Available Online: https://www.uptodate.com/contents/
traumatic-brain-injury-epidemiology-classification-and-pathophysiology.

3. Teasdale G, Jennett B. Assessment of coma and impaired consciousness: a
practical scale. The Lancet. 1974;304(7872):81-4.

4. Balestreri M, Czosnyka M, Chatfield D, et al. Predictive value of Glasgow Coma
Scale after brain trauma: change in trend over the past ten years. Journal of
Neurology, Neurosurgery and Psychiatry. 2004;75(1):161-2.

5. Stocchetti N, Pagan F, Calappi E, et al. Inaccurate early assessment of
neurological severity in head injury. Journal of Neurotrauma. 2004;21(9):1131-40.

6. Harhangi B, Kompanje E, Leebeek F, Maas Al. Coagulation disorders after
traumatic brain injury. Acta Neurochirurgica. 2008;150(2):165-75.

7. Zehtabchi S, Soghoian S, Liu Y, et al. The association of coagulopathy and
traumatic brain injury in patients with isolated head injury. Resuscitation.
2008;76(1):52-6.

8. Kroemer G, Galluzzi L, Brenner C. Mitochondrial membrane permeabilization in
cell death. Physiological Reviews. 2007;87(1):99-163.

9. Oertel M, Boscardin WJ, Obrist WD, et al. Posttraumatic vasospasm: the
epidemiology, severity, and time course of an underestimated phenomenon:
a prospective study performed in 299 patients. Journal of Neurosurgery.
2005;103(5):812-24.

10. Vespa P, Bergsneider M, Hattori N, et al. Metabolic crisis without brain ischemia
is common after traumatic brain injury: a combined microdialysis and positron
emission tomography study. Journal of Cerebral Blood Flow and Metabolism.
2005;25(6):763-74.

11. Yi J-H, Hazell AS. Excitotoxic mechanisms and the role of astrocytic glutamate
transporters in traumatic brain injury. Neurochemistry International.
2006;48(5):394-403.

12. Carney N, Totten AM, O'reilly C, et al. Guidelines for the management of severe
traumatic brain injury. Neurosurgery. 2017;80(1):6-15.



FCA Part 2 Refresher Course June 2018

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

. Adelson PD, Bratton SL, Carney N, et al. Guidelines for the acute medical

management of severe traumatic brain injury in infants, children, and
adolescents. Chapter 4. Resuscitation of blood pressure and oxygenation and
prehospital brain-specific therapies for the severe pediatric traumatic brain
injury patient. Pediatric Critical Care Medicine: a Journal of the Society of Critical
Care Medicine and the World Federation of Pediatric Intensive and Critical Care
Societies. 2003;4(3 Suppl):S12-8.

. Hempbill JC. Management of acute severe traumatic brain injury.

2017  Available from: https://www.uptodate.com/contents/
management-of-acute-severe-traumatic-brain-injury.

. Tepas Il JJ, Pracht EE, Orban BL, Flint LM. High-volume trauma centers have

better outcomes treating traumatic brain injury. Journal of Trauma and Acute
Care Surgery. 2013;74(1):143-8.

. Pineda JA, Leonard JR, Mazotas IG, et al. Effect of implementation of a paediatric

neurocritical care programme on outcomes after severe traumatic brain injury: a
retrospective cohort study. The Lancet Neurology. 2013;12(1):45-52.

. Xi G, Keep RF, Hoff JT. Pathophysiology of brain edema formation. Neurosurgery

Clinics. 2002;13(3):371-83.

. Farahvar A, Gerber LM, Chiu Y-L, et al. Response to intracranial hypertension

treatment as a predictor of death in patients with severe traumatic brain injury.
Journal of Neurosurgery. 2011;114(5):1471-8.

. Vik A, Nag T, Fredriksli OA, et al. Relationship of “dose” of intracranial

hypertension to outcome in severe traumatic brain injury. Journal of
Neurosurgery. 2008;109(4):678-84.

Cooper DJ, Rosenfeld JV, Murray L, et al. Decompressive craniectomy in diffuse
traumatic brain injury. New England Journal of Medicine. 2011;364(16):1493-502.

Hutchinson P. Randomised evaluation of surgery with craniectomy for
uncontrollable elevation of intracranial pressure (RESCUEicp). ISRCTN66202560.
DOI: 10. 1186/ISRCTN66202560. ISRCTN Registry. 2005.

Hutchinson PJ, Kolias AG, Timofeev IS, et al. Trial of decompressive craniectomy
for traumatic intracranial hypertension. New England Journal of Medicine.
2016;375(12):1119-30.

lbrahim K, Christoph M, Schmeinck S, et al. High rates of prasugrel and ticagrelor
non-responder in patients treated with therapeutic hypothermia after cardiac
arrest. Resuscitation. 2014;85(5):649-56.

Arrich J, Holzer M, Havel C, et al. Hypothermia for neuroprotection in adults after
cardiopulmonary resuscitation. Cochrane Database Syst Rev. 2012;9(9).

Urbano L, Oddo M. Therapeutic hypothermia for traumatic brain injury. Current
Neurology and Neuroscience Reports. 2012;12(5):580-91.

Clifton GL, Valadka A, Zygun D, et al. Very early hypothermia induction in
patients with severe brain injury (The National Acute Brain Injury Study:
Hypothermia Il): a randomised trial. The Lancet Neurology. 2011;10(2):131-9.

Bratton SL, Chestnut RM, Ghajar J, et al. Il. Hyperosmolar therapy. Journal of
Neurotrauma. 2007;24(Supplement 1):5-14-5-20.

Muizelaar JP, Wei EP, Kontos HA, Becker DP. Mannitol causes compensatory
cerebral vasoconstriction and vasodilation in response to blood viscosity
changes. Journal of Neurosurgery. 1983;59(5):822-8.

Muizelaar JP, Wei EP, Kontos HA, Becker DP. Cerebral blood flow is regulated by
changes in blood pressure and in blood viscosity alike. Stroke. 1986;17(1):44-8.

Griesdale DE, McEwen J, Kurth T, Chittock DR. External ventricular drains and
mortality in patients with severe traumatic brain injury. Canadian Journal of
Neurological Sciences. 2010;37(1):43-8.

Bouma GJ, Muizelaar JP. Cerebral blood flow, cerebral blood volume, and
cerebrovascular reactivity after severe head injury. J Neurotrauma. 1992;9(Suppl
1):5333-548.

Bouma GJ, Muizelaar JP. Cerebral blood flow in severe clinical head injury. New
Horiz. 1995;3(3):384-94.

Tawil |, Stein DM, Mirvis SE, Scalea TM. Posttraumatic cerebral infarction:
incidence, outcome, and risk factors. Journal of Trauma and Acute Care Surgery.
2008;64(4):849-53.

Carrera E, Schmidt JM, Fernandez L, et al. Spontaneous hyperventilation and
brain tissue hypoxia in patients with severe brain injury. Journal of Neurology,
Neurosurgery and Psychiatry. 2010;81(7):793-7.

Stein NR, McArthur DL, Etchepare M, Vespa PM. Early cerebral metabolic crisis
after TBI influences outcome despite adequate hemodynamic resuscitation.
Neurocritical Care. 2012;17(1):49-57.

Mellion SA, Bennett KS, Ellsworth GL, et al. High-dose barbiturates for refractory
intracranial hypertension in children with severe traumatic brain injury. Pediatric
Critical Care Medicine. 2013;14(3):239-47.

Roberts |, Sydenham E. Barbiturates for acute traumatic brain injury. The
Cochrane Library. 2012.

Mijzen EJ, Jacobs B, Aslan A, Rodgers MG. Propofol infusion syndrome heralded
by ECG changes. Neurocritical Care. 2012;17(2):260-4.

39.

40.

4

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Roberts DJ, Hall RI, Kramer AH, et al. Sedation for critically ill adults with severe
traumatic brain injury: a systematic review of randomized controlled trials.
Critical Care Medicine. 2011;39(12):2743-51.

Bilotta F, Gelb A, Stazi E, et al. Pharmacological perioperative brain

neuroprotection: a qualitative review of randomized clinical trials. British Journal
of Anaesthesia. 2013;110:i113-i20.

. Eisenberg HM, Frankowski RF, Contant CF, et al. High-dose barbiturate control

of elevated intracranial pressure in patients with severe head injury. Journal of
Neurosurgery. 1988;69(1):15-23.

Kang TM. Propofol infusion syndrome in critically ill patients. Annals of
Pharmacotherapy. 2002;36(9):1453-6.

Kelly DF, Goodale DB, Williams J, et al. Propofol in the treatment of moderate and
severe head injury: a randomized, prospective double-blinded pilot trial. Journal
of Neurosurgery. 1999;90(6):1042-52.

Alderson P, Roberts I. Corticosteroids in acute traumatic brain injury: systematic
review of randomised controlled trials. BMJ. 1997;314(7098):1855.

Roberts |, Yates D, Sandercock P, et al. Effect of intravenous corticosteroids
on death within 14 days in 10008 adults with clinically significant head
injury (MRC CRASH trial): randomised placebo-controlled trial. Lancet.
2004;364(9442):1321-8.

Edwards P, Arango M, Balica L, et al. CRASH trial collaborators. Final results of
MRC CRASH, a randomised placebo-controlled trial of intravenous corticosteroid
in adults with head injury-outcomes at 6 months. Lancet. 2005;365(9475):1957-9.

Clifton GL, Robertson CS, Choi SC. Assessment of nutritional requirements of
head-injured patients. Journal of Neurosurgery. 1986;64(6):895-901.

Osuka A, Uno T, Nakanishi J, et al. Energy expenditure in patients with severe
head injury: controlled normothermia with sedation and neuromuscular
blockade. Journal of critical care. 2013;28(2):218. €9-.e13.

Mtaweh H, Smith R, Kochanek PM, et al. Energy expenditure in children after
severe traumatic brain injury. Pediatric Critical Care Medicine: a Journal of the
Society of Critical Care Medicine and the World Federation of Pediatric Intensive
and Critical Care Societies. 2014;15(3):242.

Young B, Ott L, Dempsey R, et al. Relationship between admission
hyperglycemia and neurologic outcome of severely brain-injured patients.
Annals of Surgery. 1989;210(4):466.

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive insulin therapy in the
medical ICU. New England Journal of Medicine. 2006;354(5):449-61.

Vespa P, Boonyaputthikul R, McArthur DL, et al. Intensive insulin therapy reduces
microdialysis glucose values without altering glucose utilization or improving
the lactate/pyruvate ratio after traumatic brain injury. Critical Care Medicine.
2006;34(3):850-6.

Chourdakis M, Kraus MM, Tzellos T, et al. Effect of early compared with delayed
enteral nutrition on endocrine function in patients with traumatic brain injury.
Journal of Parenteral and Enteral Nutrition. 2012;36(1):108-16.

Hartl R, Gerber LM, Ni Q, Ghajar J. Effect of early nutrition on deaths due to
severe traumatic brain injury. Journal of Neurosurgery. 2008;109(1):50-6.

Rapp RP, Pharm D, Young B, et al. The favorable effect of early parenteral feeding
on survival in head-injured patients. Journal of Neurosurgery. 1983;58(6):906-12.

Acosta-Escribano J, Fernandez-Vivas M, Carmona TG, et al. Gastric versus
transpyloric feeding in severe traumatic brain injury: a prospective, randomized
trial. Intensive Care Medicine. 2010;36(9):1532-9.

Lozier AP, Sciacca RR, Romagnoli MF, Connolly Jr ES. Ventriculostomy-related
infections: a critical review of the literature. Neurosurgery. 2002;51(1):170-82.

Sugerman HJ, Wolfe L, Pasquale MD, et al. Multicenter, randomized, prospective
trial of early tracheostomy. Journal of Trauma and Acute Care Surgery.
1997;43(5):741-7.

Dunham CM, Cutrona AF, Gruber BS, et al. Early tracheostomy in severe
traumatic brain injury: evidence for decreased mechanical ventilation and
increased hospital mortality. International Journal of Burns and Trauma.
2014;4(1):14.

Seguin P, Laviolle B, Dahyot-Fizelier C, et al. Effect of oropharyngeal povidone-
iodine preventive oral care on ventilator-associated pneumonia in severely
brain-injured or cerebral hemorrhage patients: a multicenter, randomized
controlled trial. Critical Care Medicine. 2014;42(1):1-8.

Ratilal B, Costa J, Sampaio C. Antibiotic prophylaxis for surgical introduction of
intracranial ventricular shunts: a systematic review. Journal of Neurosurgery:
Pediatrics. 2008;1(1):48-56.

Wang X, Dong Y, Qi X-Q, et al. Clinical review: Efficacy of antimicrobial-
impregnated catheters in external ventricular drainage - a systematic review
and meta-analysis. Critical Care. 2013;17(4):234.

Muttaiyah S, Ritchie S, John S, et al. Efficacy of antibiotic-impregnated external
ventricular drain catheters. Journal of Clinical Neuroscience. 2010;17(3):296-8.



20 Southern African Journal of Anaesthesia and Analgesia 2018; 24(3)(Supplement 1)
64. Wright K, Young P, Brickman C, et al. Rates and determinants of ventriculostomy- 76. Talving P, Karamanos E, Teixeira PG, et al. Intracranial pressure monitoring
related infections during a hospital transition to use of antibiotic-coated in severe head injury: compliance with Brain Trauma Foundation guidelines
external ventricular drains. Neurosurgical Focus. 2013;34(5):E12. and effect on outcomes: a prospective study. Journal of Neurosurgery.

65. Denson K, Morgan D, Cunningham R, et al. Incidence of venous 2013;119(5):1248-54.
thromboembolism in patients with traumatic brain injury. The American Journal 77. Cruz J. The first decade of continuous monitoring of jugular bulb
of Surgery. 2007;193(3):380-4. oxyhemoglobin saturation: management strategies and clinical outcome.

66. Ekeh AP, Dominguez KM, Markert RJ, McCarthy MC. Incidence and risk factors Critical Care Medicine. 1998;26(2):344-51.
for deep venous thrombosis after moderate and severe brain injury. Journal of 78. Le Roux PD, Newell DW, Lam AM, et al. Cerebral arteriovenous oxygen difference:
Trauma and Acute Care Surgery. 2010;68(4):912-5. a predictor of cerebral infarction and outcome in patients with severe head

67. Reiff DA, Haricharan RN, Bullington NM, et al. Traumatic brain injury is injury. Journal of Neurosurgery. 1997;87(1):1-8.
associated Wi'th the development of deep vein thrombosis independent of 79. Berry C, Ley EJ, Bukur M, et al. Redefining hypotension in traumatic brain injury.
pharmacological prophylaxis. Journal of Trauma and Acute Care Surgery. Injury. 2012:43(11):1833-7.
2009;66(5):1436-40. . . .

. o 80. Brenner M, Stein DM, Hu PF, et al. Traditional systolic blood pressure targets

68. Van GenthJ—M, gandlke; JI Calvo RY, elt alf. Isolated tragmatlc brain injury and underestimate hypotension-induced secondary brain injury. Journal of Trauma
\;8?2'1;;(2t).£g;n4zoem olism. Journal of Trauma and Acute Care Surgery. and Acute Care Surgery. 2012;72(5):1135-9.

Lo o . ) 81. Murray GD, Butcher |, McHugh GS, et al. Multivariable prognostic analysis in

69. Agne!ll G, Piovella F, _Buoncr|st|an|‘ P et aI.' Enoxaparlp plus compression traumatic brain injury: results from the IMPACT study. Journal of Neurotrauma.
stockings compared with compression stockings alone in the prevention of 2007:24(2):329-37
venous thromboembolism after elective neurosurgery. New England Journal of ! ’ '

Medicine. 1998;339(2):80-5. 82. Sorrentino E, Diedler J, Kasprowicz M, et al. Critical thresholds for

70. Torbic H, Forni AA, Anger KE, et al. Use of antiepileptics for seizure prophylaxis ;gqezk.){gzlza)'szc:gésreact|V|ty after traumatic brain injury. Neurocritical Care.
after traumatic brain injury. American Journal of Health-System Pharmacy. ! ’ '
2013;70(9):759-66. 83. Chambers IR, Treadwell L, Mendelow AD. Determination of threshold levels of

71. Temkin NR, Dikmen SS, Wilensky AJ, Keihm J, Chabal S, Winn HR. A randomized, cerebral p?rfusion pressure and intr.ac.ranial pressure in severe head injyry by
double-blind study of phenytoin for the prevention of post-traumatic seizures. using receiver operating—characteristic curves: an observational study in 291
New England Journal of Medicine. 1990;323(8):497-502. patients. Journal of Neurosurgery. 2001,94(3):412-6.

72. Boatright D. A Prospective Multicenter Comparison of Levetiracetam versus 84. Allen BB, Chiu Y-, Ggrben" LM, et al. Age-specific cerebra'I perfusion pressure
Phenytoin for Early Posttraumatic Seizure Prophylaxis: Inaba K, Menaker J, thresholds and survival in children and adolescents with severe traumatic
Bernardino C, et al. J Trauma Acute Care Surg 2013; 74: 766-73. Journal of brain injury. Pediatric critical care medicine: a Journal of the Society of Critical
Emergency Medicine. 2013;44(6):1215. Care Medicine and the World Federation of Pediatric Intensive and Critical Care

73. Alali AS, Fowler RA, Mainprize TG, et al. Intracranial pressure monitoring in severe Societies. 2014;15(1):62. . ) )
traumatic brain injury: results from the American College of Surgeons Trauma 85. Robertson CS, Valadka AB, Hannay HJ, et al. Prevention of secondary ischemic
Quality Improvement Program. Journal of Neurotrauma. 2013;30(20):1737-46. insults after severe head injury. Critical Care Medicine. 1999;27(10):2086-95.

74. Farahvar A, Gerber LM, Chiu Y-L, et al. Increased mortality in patients with severe 86. Robertson C. Desaturation episodes after severe head injury: influence on
traumatic brain injury treated without intracranial pressure monitoring. Journal outcome. In: Unterberg AW, Schneider GH, Lanksch WR, editors. Monitoring of
of Neurosurgery. 2012;117(4):729-34. Cerebral Blood Flow and Metabolism in Intensive Care. Vienna: Springer; 1993.

75. Gerber LM, Chiu Y-L, Carney N, Hartl R, Ghajar J. Marked reduction in mortality p-98-101.
in patients with severe traumatic brain injury. Journal of Neurosurgery. 87. Robertson CS, Gopinath SP, Goodman JC, et al. SjvO2 monitoring in head-injured

2013;119(6):1583-90.

patients. Journal of Neurotrauma. 1995;12(5):891-6.



