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ABSTRACT

Traumatic brain injury (TBI) is a major global problem and affects approximately 10
million peoples annually; therefore has a substantial impact on the health-care system
throughout the world. In this article, we have summarized various aspects of specific
intensive care management in patients with TBl including the emerging evidence mainly
after the Brain Trauma Foundation (BTF) 2007 and also highlighted the scope of the
future therapies. This review has involved the relevant clinical trials and reviews (from 1
January 2007 to 31 March 2013), which specifically discussed about the topic. Though,
BTF guideline based management strategies could provide standardized protocols for
the management of patients with TBI and have some promising effects on mortality
and morbidity; there is still need of inclusion of many suggestions based on various
published after 2007. The main focus of majority of these trials remained to prevent or
to treat the secondary brain injury. The future therapy will be directed to treat injured
neurons and may benefit the outcome. There is also urgent need to develop some good
prognostic indicators as well.
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INTRODUCTION

Traumatic brain injury (TBI) is a major global problem
and affects approximately 10 million peoples annually;
therefore has a substantial impact on the health-care system
throughout the wotld.I'"?! This epidemic not only produces
high mortality and morbidity, also significantly does atfect
the socio-economic lives of survivors and even, some may
have long-term disabilities.!" !

The evidence-based guidelines for management of head
injury patients provided by the Brain Trauma Foundation
(BTF), has been modified and revised in 2007.” These
guidelines could provide the standardized protocols for the
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management of patients with TBI. Thereafter, the results
of various trials have been published and the major focus
is mainly to minimize the secondary brain injury following
the primary insults; however, results and conclusions of
these trials are yet to be opted by standard guidelines.

In this article, we have summarized various aspects of
specific intensive care management in patients with TBI
including the emerging evidence mainly after the BTF 2007
and also highlighted the scope of the future therapies.

MATERIALS AND METHODS

This is a narrative review based on PubMed search on
the terms including “TBI,” “head injury,” “head trauma,”
“intensive care,” “management.” BTF guidelines were
updated in 2007; however, they have included the
evidences published until 2006.°" Therefore, this review
has involved the relevant clinical trials and reviews
(from 1 January 2007 to 31 March 2013), which specifically
discussed about the topic. The papers in any languages
have been included. Pediatric and pregnant patients are
not included in this review. The papers on prehospital
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management as well as general intensive care management
in patients with TBI are also not included in this review.

Prehospital and general intensive care management
Secondary brain injuries have a substantial impact on the
overall outcome in patients with TBI. These injuries appear
minute to hours after the primary insults and therefore early
recognization and prompt treatment can salvage most of
the effects of secondary brain injuries or even may help
to prevent them.

Thus, the actual management starts from the prehospital
and also includes the management at the emergency
department. The majority of initial management includes
maintenance of an adequate airway, breathing and
perfusion.l”! General intensive care of these patients further
comprises of proper establishment of airway, ventilation,
adequate sedation, avoidance of hypo/hyperglycemia,
instituting normothermia, prevention of seizures,
correction of anemia and coagulopathy, deep vein
thrombosis prophylaxis, early nutritional therapies to
avoid the hyper catabolic state, stress ulcer prophylaxis
and maintenance of hygiene to minimize the infections.>”

Specific management
Specific management of patients with TBI constitutes
the application of specialized neuromonitoring as well
as the maneuvers or therapies to optimize the cerebral
hemodynamics and further prevent the effects of
secondary brain insults.

Monitoring

Apart from the essential monitoring including pulse oximetry,
electrocardiography, blood pressure measurement, end tidal
carbon dioxide, cote body temperature and input/output,
some specific monitoring are being used in the management
of patients with TBLP” These monitoting methods aim to
give valuable information regarding intracranial pressure
(ICP), brain oxygenation, cerebral perfusion pressure,
cerebral blood flow (CBF) and electrical activity of the brain,
which in turn guide the further treatment.

Intracranial pressure monitoring
Raised ICP (>20 mm Hg) is associated with high
mortality.” The BTF clinical practice guidelines recommend
that ICP monitoring should be performed in comatose
patients with-
1. Glasgow Coma Scale (GCS) 3-8 with abnormal
computed tomography (CT) scans
2. Normal CT scans with two or more of the following
features at admission:
*  Age over 40,
*  Unilateral or bilateral motor posturing, or
e A systolic blood pressure of less than 90 mm Hg.
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Routine ICP monitoring is not indicated in patients
with mild or moderate head injury. Although ICP
monitoring is used frequently in cases with severe TBI;
there have been evidences questioning this practice.
A recent multicenter randomized controlled trial on
324 severe head injury patients compared a goal directed
therapy (ICP < 20 mm Hg) using intraparenchymal ICP
monitoring to a clinical examination and imaging based
strategy and found no difference on the primary endpoint,
which included survival time, impaired consciousness
and functional status (at 3 months and 6 months) and
neuropsychological status at 6 months. In this study, median
length of intensive care units (ICU) stay as well as overall
mortality was similar in both groups.” Though, this was a
well-designed multicenter randomized clinical trial (RCT)
and provided the class I evidence; the treatment distributions
(more barbiturate therapy in pressure based regime vs.
more hyperventilation and hypertonic saline in clinical
examination based group) were not similar to both groups.
Therefore, the final interpretation of this study is still
debatable.

The role of non-invasive ICP monitoring methods
including ocular ultrasound and transcranial Doppler
(TCD) has also been investigated. In this regard, ocular
ultrasound can be a potential bedside monitor, which
rapidly assesses the raised ICP® The optic nerve sheath
diameter measurement was found to be well-correlated
with the values of ICP and its value significantly increased
to 7.0 £ 0.58 mm, when ICP rose in value to >20 mm
Hg."" On the other hand, TCD also measutes rise in ICP
indirectly. Pulsatility index (difference between systolic and
diastolic flow velocity, divided by the mean flow velocity),
is found to be correlated with the increase in ICP'! It can
signify either rise in the ICP or decrease in the cerebral
petfusion pressure (CPP)."! These non-invasive tools may
be used when use of invasive monitoring cannot be used or
rather contraindicated.”!! However, both tools need to be
validated in randomized controlled trials before they can be
recommended for routine use in patients with severe TBI.

Cerebral oxygenation monitor

The global oxygenation as well as the regional oxygen
saturation measurement methods are being investigated
and have gained popularity among many researches to
guide different therapies in patients with TBI based on
these parameters.'>'" Jugular venous oxygen saturation
measuring the global oxygen saturation and near infrared
spectroscopy (NIRS) for measuring the regional oxygen
saturation is the two monitors that are commonly used in
patients with TBLI'>1

The ability to relate CBF and metabolism may be provided
by the placement of a catheter in the jugular bulb.
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Uncoupling of these two parameters can be determined by
measuring cerebral venous oxygen saturation’ which then
permits the calculation of cerebral arterial-venous oxygen
difference, which is a reflection of the relative adequacy
of CBF to meet the metabolic needs of the brain. If the
brain is hypoperfused, oxygen extraction will be increased
and SjvO2 will be reduced.!>"*! On the other hand, if CBF
is adequate for the brain’s metabolic need, then SjvO2
will remain normal. This monitoring should be used in
conjunction with moderate to severe hyperventilation
therapy for patients with intracranial hypertension.

Brain tissue oxygen tension (PbtO2) is a measurement of
focal cerebral oxygenation using an invasive probe (Licox)
and is mainly used to monitor oxygenation of a critically
perfused brain tissue. The normal PbtO2 ranges between
35 mm Hg and 50 mm Hg. A value of a PbtO2 < 15 mm
Hg is considered a threshold for focal cerebral ischemia
and treatment.'"*"l A systemic review of what type of
studies highlighted that PbtO2 guided therapy coupled
with ICP/CPP based therapy was associated with better
patient’s outcome and reduced mortality in comparison
with ICP/CPP based therapy alone." However, there
is still need of a large randomized controlled trial to
prove its effectiveness. NIRS offers non-invasive bedside
measurement of direct regional cerebral arteriovenous
(mixed) brain oxygenation. NIRS can also give the
measurement of tissue perfusion.!'!

Microdialysis

Early predictors of ischemia are key factors for determining
secondary brain injury and serve as a determinant of outcome.
Microdialysis is one of the techniques that can be used to
detect these markers of ischemia. Lactate-pyruvate ratio
(L/P ratio) and glycerol concentrations were found to have
a negative correlation with the patient’s outcome."”"® Some
investigators advocated that use of early microdialysis based
therapies had a distinct advantage in better patient’s outcome.

Electrophysiological monitoring

To know about the brain functions in patients with TBI,
electroencephalogram (EEG) and evoked potential
monitoting may be employed.'”*" In one study, changes in
somatosensory evoked potentials (SEP) have been shown
to correlate with changes in ICP and can constitute a
complementary tool to interpret ICP trends."’ EEG-SEP
monitoring reflects to remaining metabolic activity of
brain parenchyma. However, EEG recordings usually get
suppressed and difficult to interpret during deep sedation.
Therefore, the role of electrocoricography in patients with
TBI is not usually advocated; however, study showed that
spreading depolarizations were associated with unfavorable
outcome and opened the door for future therapeutic
options based on these findings.”"!
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ICP and CPP thresholds

Cerebral ischemia is the single most important secondary
factor that influences the outcome after TBI; therefore
maintenance of CPP has become a crucial factor for the

management of patients with TBIL The controversies exist
between the CPP based therapy and ICP based therapy.**4

Concept of CPP target therapy was given by Rosner ez a/!"
in 1996, who demonstrated an improvement in outcome
when CPP was maintained above 70 mm Hg. However,
in patients of severe TBI with the loss of vascular
autoregulation, there occurs dissociation between CBF
and metabolic requirements. In such circumstance,
increasing CPP can lead to extravasation of fluid (cerebral
edema), increased hydrostatic pressure across the cerebral
capillary bed, which may culminate in vasogenic edema
and intracranial hypertension. The trial based on low
versus high CPP based treatment on 58 patients with
moderate to severe TBI showed that in patients with more
impaired cerebral autoregulation, CPP <50 mm Hg and
CPP <60 mm Hg were associated with favorable outcome,
whereas CPP >70 mm Hg and CPP >80 mm Hg were
associated with unfavorable outcome.?"! There was no
significant difference found in the outcome among those
groups in which autoregulation was found to be intact.”!
Therefore, in cases of severe TBI and other patients with
disrupted autoregulation, it is prudent to keep CPP at the
lower level (below 70 mm Hg).

On the other hand, there is ICP based approach, which is
known as Lund protocol, which aims to minimize the CPP
target to a level (50 mm Hg) that avoids frank ischemia,
but does not lead to further cerebral edema. Preservation
of normal colloid pressure, reduction of blood pressure
and reduction of cerebral blood volume are the three
mechanisms, which decreases microvascular pressure, in
turn, decreases edema formation. In RCT of 60 comatose
patients with secondary brain ischemia following aneurysmal
sub arachnoid hemorrhage and severe TBI, in comparison
with CPP based therapy, modified (microdialysis based)
ICP based Lund concept was found to be associated with
a better outcome.” However, this approach has not been
validated in large RCTSs, not endorsed by the current clinical
practice guideline by BTEP!

Ultimately, monitoring metabolic parameters in individual
patients, such as brain tissue oxygen and L/P ratio as
assayed by microdialysis, may allow further refinement of
CPP targets on an individual basis.’ Currently, the latest
consensus is to use a CPP target of 50-70 mm HgP! ICP
and thus CPP can be controlled in a number of ways,
including reduction in metabolic requirements using
sedation, induced hyperventilation, hyperosmolar therapy,
hypothermia and surgical adjuncts.
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Despite all the above measures if ICP remains high then
one should resort to below mentioned management
strategies.

Induced hyperventilation

A reduction in PaCO2 causes cerebral vasoconstriction,
thereby, reducing cerebral blood volume and consequently
ICP™ When utilizing hyperventilation, a balance must
be struck between the beneficial effect on ICP and the
potential deleterious effect on CBE. Particularly in the
first 24 h after TBI, CBF is reduced and aggressive
hyperventilation can compound cerebral ischemia.l>* For
this reason, hyperventilation should not be applied outside
a dedicated neurointensive care setting when appropriate
monitoring, such as jugular bulb oxygen saturation, can
be employed.>"?!

Hyperosmolar therapy

Hyperosmolar therapy is a key intervention for the
management of cerebral edema and raised ICP after
TBILP*I It is indicated for acute increases in ICP as it has
a rapid onset of action. Mannitol, an osmotic diuretic, is
commonly employed for its immediate effect. It has plasma-
expanding property and improves blood rheology due to
reduction in hematocrit. Intravenous dose recommended
is 0.25 g to 1 g/kg. Mannitol can be used on a repeated
schedule. Monitoring of serum osmolality is useful so as
to avoid systemic dehydration; serum osmolarity should
not be allowed to increase to more than 320 mosmol/kg,
Mannitol also establishes an osmotic gradient between
plasma and brain cells reducing cerebral edema by drawing
water across areas of intact blood—brain barrier into the
vascular compartment. Major side-effects however, are
electrolyte disturbances such as hyponatremia, hypokalemia
and hypotension.”®! A systematic review from Cochrane
data base including 4 RCTs showed that mannitol therapy
for patients with raised ICP was found to be associated with
some beneficial effect on mortality when compared with
pentobarbital treatment; however may have a detrimental
effect on mortality when compared to hypertonic saline.”!
In addition, ICP directed therapy possess a little benefit
over therapy based on neurological signs as well as
physiological parameters.

On the other hand, hypertonic saline is being used as
an alternative to mannitol.” It is available in a range
of concentrations from 1.7% to 29.2% and numerous
regimens have been described, making it difficult to draw
conclusions about the optimal dose or concentration
required to control ICP. Hypertonic saline produces a
reduction in cerebral edema by moving water out of
cells, reducing tissue pressure and cell size resulting
in a decrease in ICP. Other advantages over mannitol
include its effectiveness as a volume expander, without
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hyperkalemia and impaired renal function. Major side-
effects are increasing sodium load and congestive heart
failure.””! Although equimolar infusion of 20% mannitol is
as effective as 7.45% hypertonic saline (HSS) in decreasing
ICP in patients with brain injury but in patients with severe
TBI and elevated ICP refractory to previous mannitol
treatment, 7.5% hypertonic saline administration showed
a significant increase in brain oxygenation and improved
cerebral and systemic hemodynamics.?**! Small trials
have also investigated the effects of other hyperosmolar
solutions including sodium bicarbonate and sodium lactate
and these agents were found to have similar effects as
mannitol or hypertonic saline.*”!

Existing literature do not support favoring boluses of
hypertonic saline over mannitol in terms of ICP control
in relation to the outcome and in fact questioned about the
role of any osmotherapy in such cases.>*"1
Corticosteroids

The role of steroids is at present inconclusive. In addition,
the type of steroids and low dose versus high dose steroids
are the issues, which need further considerations. The
Corticosteroid Administration after Severe Head Injury trial
showed increased mortality at 2 weeks (21.1% vs. 17.9%) as
well as at 6 month (25.7% vs. 22.3%) when compared with
placebo.”* In this trial, 10,008 adults patients with head
injury (GCS <14) within 8 h of injury were randomly
allocated to either 48 h infusion of corticosteroids
(methylprednisolone) or placebo. However, one RCTs on
150 patients with severe multiple trauma highlighted that
low dose of steroids (hydrocortisone 200 mg/d for 5 days,
followed by 100 mg on day 6 and 50 mg on day 7) may
prevent hospital acquired pneumonia and found to decrease
in the length of ICU stay.’ The other results of other
RCT on the role of low dose of steroids (hydrocortisone
and fludrocortisones vs. double placebo) patients with TBI
has yet to be published and may provide some important
guidelines related to steroid use in this subgroup of
patients.’!

Temperature management

TBI initiates several metabolic processes that can exacerbate
the injury.’" Hyperthermia is one of the potential factors
exaggerating the secondary injury. Hyperthermia may
develop due to infections or some neurogenic mechanisms.
Recent observational study of 7145 patients has shown that
both degree and duration of eatly post head injury fever
are strongly correlated with outcome.P” It is prudent to
keep the patients normothermic and antipyretics as well
as surface cooling can be used to attain this.’*"

On the other hand, there is evidence that hypothermia
may limit some of these deleterious metabolic responses
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and improve the outcome.’*! However, the literature
suggests that therapeutic hypothermia should be instituted
as soon as practical (in the emergency room) and beneficial
effect usually seen when it has been continued for at
least 72h.f Ina RCT (1 = 82), role of moderate hypothermia
(32-33°C) in closed head injury (GCS 5-7) patients was
found to hasten the neurologic recovery and improved
the outcome.! A Cochrane review in 2009 analyzed 23
trials with a total of 1614 patients and found no evidence
supporting the use of hypothermia during the treatment
of TBI, but did find a statistically significant increased risk
of pneumonia and other potentially harmful side-effects.
' The important multicenter randomized controlled trial
(The Eurotherm 3235 trial) on therapeutic hypothermia
(32-35°C) in ICP reduction following TBI has recently been
completed; however, its results is still awaiting and could
be important to give better insight about this therapy.!*)

Barbiturate coma

Barbiturate coma is effective in reducing the ICP by
suppressing cerebral metabolism, thus reducing cerebral
metabolic demands and cerebral blood volume.* This
therapy is associated with many complications including
immunosuppression, infectious complications and
hypotension. There is no clinical evidence of improved
patient outcomes after barbiturate coma though an infusion
of thiopentone to achieve EEG burst suppression is still
commonly used when trying to control severe refractory
intracranial hypertension.* Thiopentone was found to be
better ICP reducing agent in comparison to pentobarbital;
however, incidence of hypotensive episodes, outcome
and mortality data were similar in both groups.*) Recent
Cochrane review (7 clinical trials, 341 patients) also showed
no outcome benefit using the barbiturate therapy in patients
with severe head injury; however, there was more frequent
episodes of hypotension (1 in every four patients), which
offset the improvement in ICP by decreasing the CPP.*

Surgical interventions

The surgical modalities, which are used for the treatment
of refractory ICP, include lumbar drain, external ventricular
drain and decompressive craniectomy. Though, lumbar
drain had been shown to provide some beneficial effect in
head injury patients having refractory ICP; it should be used
with great caution due to potential risk of herniation."*"

External ventricular drainage (EVD) involves placing a
catheter into the ventricular system in to allow drainage of
CSE. In conditions of reduced intracranial compliance, even
drainage of a few milliliters of CSF can have a dramatic
effect on ICP. The main advantage of this CSF drainage is
that it can be inserted in intensive care without the need for
transfer to an operating theater. The risks related to surgical
placement are hematoma and infection. A retrospective
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review of 377 patients with head injury, found that in
comparison to intraparenchymal ICP monitoring, use of
EVDs in adult TBI patients was associated with prolonged
ICP monitoring, ICU length of stay and more frequent
device-related complications.” However, age of the
patient, opening ICP and size of midline shift were found
to be independent predictors for neurologic outcomes and
mortality, when other variables were controlled."”

Decompressive Craniectomy (DECRA) is a surgical
procedure in which a large area of the skull vault is removed
and the dura opened to allow the brain to expand out of the
confines of the rigid skull. It can be performed unilaterally
during the evacuation of a specific space-occupying lesion
of, in diffuse injury; a bifrontal craniectomy can be used
to remove the most antetior part of the skull.* There is
evidence to demonstrate that this procedure reduces ICP,
but a beneficial effect on outcome is yet to be proven.
A multicenter randomized controlled trial compared
decompressive craniectomy (bifrontotemporoparietal) to
standard care in 155 patients with refractory intracranial
hypertension. This trial, DECRA trial (eatly DECRA in
patients with severe TBI) showed that in spite of reduction
in ICP and length of ICU stay, patients undergoing
decompressive craniectomy (DC) were more likely to
have unfavorable outcomes.*”! The possible explanation
was accredited to neuronal stretch produced after the
DC. However, overall mortality remained similar in both
groups; therefore, change of practice based on this trial
needs well-designed RCTs in the near future.

Future therapies

Homeostatic cellular processes governing calcium influx,
mitochondrial function, membrane stability, redox
balance, blood flow and cytoskeleton structure often
become dysfunctional after TBI. Most of the therapies are
being developed toward the minimization of secondary
brain injuries and includes hyperbaric oxygen therapy
(HBOT), neuroprotective agents and gene/stem cell
therapy.">l

In HBOT, 100% oxygen at environmental pressures greater
than 1 atmosphere absolute is administered for respiration
in an airtight vessel. Therefore, there is a substantial
increase in partial pressure of oxygen to the tissues that
can help to improve the oxygen delivery to the injured
brain tissue and also reduces brain edema. This therapy
has shown some promising results to decrease the overall
mortality in patients with severe TBI; however, there were
no substantial improvement found related to neurological
outcome of these patients.” In addition, the potential
side-effects of oxygen toxicity are also concern. Thus,
large well-defined controlled trials are needed to prove its
effectiveness in patients with TBI.
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TBI generates many pro-inflammatory mediators and
leads to secondary brain injury. The main goal of
developing future neuroprotective treatments for TBI
is to minimize the detrimental and neurotoxic effects of
these inflammatory mediators and help in the regeneration
and repair after injury."> Many agents such as selfotel,
pegorgotein (PEG-SOD), magnesium, deltibant and
dexanabinol, statins were investigated; however found
to be ineffective in clinical trials. The beneficial role of
other agents such as progesterone, thyrotropin-releasing
hormone and cyclosporine has yet to be tested in large
trials. The other potential area of the target is apoptotic
pathways. Many agents are being investigated to block the
intermediate pathways related to apoptosis. However, the
apoptotic changes are also essential for normal functioning
of cells; therefore, blocking the pathways by these agents
would lead to possible potential complications.'>*

Genes that are implicated in TBI outcome include APOE,
MAO-A, BDNF, NOS3, IL-6, NEFH, SLC6A4, COMT,
PPP3CC and KIBRA genes. These genes are linked with
modulations of various mechanisms including CBE,
autoregulation and cerebral edema.b! Further researches
are warranted to implicate these genetic studies and identify
new genes, which could affect the outcome.

The stem cell transplant is another area of potential interest,
which could affect the future therapy in patients with TBL
These therapies are usually focused to repair the various types
of injured neural tissues. However, this is still in infancy phase
and needs future research to establish its effectiveness.”>*

Prognosis

Prognostic indicators are usually the reflection of
effectiveness of management strategies. Canadian
multicenter retrospective study recently highlichted the
prognosis of patients with severe TBLF" In the study of
720 patients, the overall hospital mortality was 31.7% and
ranged from 10.8% to 44.2% across centers. Most deaths
(70.2%) were associated with withdrawal of life-sustaining
therapy, ranging from 45.0% to 86.8% across centers and
mainly occurred within 3 days of care.’” In the recent
study, the same group of investigators has further shown
that there exist a significant variation in the perceptions of
neurologic prognosis and in clinical decision making on the
level of care was found among intensivists, neurosurgeons
and neurologists. Therefore, there exist wide variations
of treatment protocols as well as prognostic methods
among different centers and warrant future trials to
formulate better prognostic criteria as well as standardized
protocols.”® Further to this, the effects of genetic and
biological vatiables on prognosis/outcome needs to be
re-integrated for the development of better resuscitative
and rehabilitative management protocols.”!
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DISCUSSION

Several trials have been conducted and published after
the BTF guidelines-2007. The trial on specialized
neuromonitoring such as ICP monitoring does not
support the routine use of it and indeed found to have a
similar outcome results when compared the conventional
methods for neurological assessment including clinical as
well as imaging ¥l The role of other forms of non-invasive
monitoring methods including ocular ultrasound and TCD
has yet to be proven in well-designed RCTs; however
these can be of value to give prompt diagnosis of raised
ICP and may be utilized for the cases in which invasive
monitoring cannot be used.” ! The other neuromonitoring
methods pertaining to brain oxygenation, metabolism
and electrophysiological activities have been investigated
in small trials; therefore warrant future RCTs.'*?! There
is some evidence for using the jugular venous oxygen
saturation monitoring in cases of raised ICP, which may
require moderate to severe hyperventilation.

The CPP based regime seems more plausible in
comparison to ICP based therapy and optimum
CPP could not be determined; however, higher
CPP (>70 mm Hg) has no distinct advantage and
may even associated with complications.”"*?l Lower
limit of CPP would depend upon various factors
including intact autoregulation, associated with other
hemorrhagic injuries and needs to be defined. The role
of hyperventilation is limited and should be avoided in
first 24 h.”! The medical management of raised ICP
remains osmotherapy; however no distinct advantage of
one agent (mannitol) was seen over other (hypertonic
saline).**! Even, the role of osmotherapy in patients
with TBI is also questioned.”?"! The corticosteroids
have been associated with increases mortality and poor
outcome.P**! Similarly, the role of barbiturate coma is
inconclusive and showed higher risks of complication;
therefore cannot be recommended.**! In addition,
therapeutic hypothermia has shown some promising
role in very few trials; however majority of literature do
not support it.?**! Hyperthermia should be promptly
treated.’?* Normothermia is advocated in many trials.
The surgical therapies to reduce ICP including lumbar
drain, EVD and decompressive craniectomy are also
found to be ineffective to produce a favorable outcome

and needs further large RCTs. 1)

CONCLUSION

Though BTF guideline based management strategies could
provide standardized protocols for the management of
patients with TBI and have some promising effects on
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mortality and morbidity; there is still need of inclusion of
many suggestions based on various published after 2007.
The main focus of majority of these trials remained to
prevent or treat secondary brain injury. The future therapy
will be directed to treat injured neurons and may benefit
the outcome. There is also urgent need to develop some
good prognostic indicators as well.
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