
Maximizing Survival from Severe
Traumatic Brain Injury: Applying

Guidelines to Clinical Practice: Part II
This issue is the second part of a discussion about severe traumatic brain injury

(TBI). This topic carries some resonance with me. In addition to my professional
experience, I have a personal connection to this topic. At age 16, my oldest son was
in a serious motor vehicle collision. He was a passenger in the front seat of a large
SUV that collided head-on with a large oak tree at more than 55 mph. Fortunately,
he was wearing his three-point restraint (seat and shoulder belt) and was small in
stature at the time, so as the front of the car collapsed and he was trapped, his body
was not crushed. He was dazed by the events and reluctant to move, so that when the
EMS arrived on scene and the paramedics were assessing the occupants (eight in
total), they judged his lack of spontaneous verbal response and movement as a serious
TBI. My son distinctly remembers the phrase “this one is an organ donor” being
expressed regarding his condition. Thankfully, first impressions at the scene are not
always predictive.

However, another occupant was more severely injured. He was unrestrained and
located in the middle seat. During the collision, he was thrown forward and sus-
tained a serious TBI. I remember that night in the ED. All eight kids were taken to
my hospital because it was the regional trauma center. The 16-year-old boy with the
serious head injury had diffuse axonal injury on his initial head CT and was coagu-
lopathic on the initial prothrombin time test; both bad signs. But with aggressive care,
based on evidence derived from clinical studies discussed in this series, he made a
remarkable recovery over several months. Thus, I have seen recovery from severe TBI. I
know it works.  

And, my son sustained a clavicle and elbow fracture, escaping serious neurologic or
internal injury. I used to think my teenagers did not listen to me, but somehow, in
this circumstance, he did; he remembered to wear his seatbelt. Miracles, or at least
pleasant surprises, do happen.

—J. Stephan Stapczynski, MD, Editor

ED Management
The prevention of secondary brain injury by correction of hypoxia and hypoten-

sion and the rapid diagnosis and evacuation of an expanding intracranial
hematoma are critical determinants of outcome.1

Airway. Patients with severe TBI have a GCS of 8 or less, and serious consider-
ation should be given to definitive airway protection. A GCS of 8 or less, how-
ever, should not in itself dictate intubation. As was previously mentioned, every
permutation of GCS of 8 or less is not the same, and Davis et al. have demon-
strated that a number of patients with a GCS of 8 or less do not have a head
injury, but rather intoxication as the cause of their altered mental status.2-4 Davis
et al. also demonstrated that a high percentage of GCS 8 or less patients without
ETI are oxygenating and ventilating adequately upon hospital arrival.2,4 The
issues of airway protection and control of the patient for diagnostic testing
remain. As such, the decision to perform ETI should be based on the specifics of
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the individual case. Care should be
taken to maintain cervical spine pre-
cautions when performing ETI.

ETI can lead to an elevation in ICP
by a reflex sympathetic response to
laryngoscopy and a cough reflex from
airway manipulation.5 There are no
ideal studies evaluating the effective-
ness of empiric lidocaine to blunt the
aforementioned reflexes, to minimize
elevations in ICP, or to improve neu-
rologic outcomes in head-injured
patients. There are, however, numer-
ous studies that suggest a benefit.
Lidocaine prior to ETI has been asso-
ciated with a significant reduction in
catecholamine release.6 Two studies
have shown that lidocaine has a posi-
tive impact on ICP during suctioning
by blunting the cough reflex, and one
small study evaluated ICP during
elective intubations for brain surgery
and concluded that lidocaine reduced
the ICP by 12 mmHg.7-9 There is lit-
tle evidence that lidocaine causes
harm and, as such, it should be
administered as a pretreatment before
RSI.5 Administration should be at
least 3 minutes prior to laryngoscopy
at a dose in 1.5 mg/kg IV with a
maximum dose of 100 mg.10 Fentanyl
has been shown to diminish the rises
in heart rate and blood pressure asso-
ciated with laryngoscopy and intuba-
tion. Its use should be considered at a
dose of 3 mcg/kg IV.11,12

Defasciculating doses of nondepolar-
izing neuromuscular blocking agents
(e.g. vecuronium 0.01 mg/kg or
rocuronium 0.06 mg/kg) prior to
administration of succinylcholine
blunt fasciculation-induced increases
in ICP. These agents have been shown
to be effective in the neurosurgical
population but have not been evalu-
ated in TBI patients.13

A number of different sedatives can

be given as part of RSI, but the
hemodynamic effects of these agents
should be considered. The barbitu-
rates and benzodiazepines are well
known to cause hypotension.14,15

Propofol also has been associated with
hypotension.16 Etomidate is an attrac-
tive option in the unstable trauma
patient at a dose of 0.3 mg/kg IV as
it is hemodynamically neutral.
Recognition should be given to its
association with vomiting, myoclonus,
and adrenal insufficiency.16,17

Succinylcholine at a dose of 1.5
mg/kg IV is the most frequently used
paralytic with its rapid onset and short
duration of action. The use of suc-
cinylcholine is contraindicated with
allergy, history of malignant hyper-
thermia, denervation syndromes, and
patients who are 24-48 hours after
burn or crush injury.18 Rocuronium at
a dose of 1 mg/kg IV is an alternative
when succinylcholine is contraindi-
cated.18 The physician should be
aware that it produces prolonged
paralysis. A recommended RSI strat-
egy is demonstrated in Table 1.19

In children, the dosing of RSI med-
ications should be done using a resus-
citation aid such as the Broselow-
Luten system. Succinylcholine remains
the first-line paralytic despite reports
of hyperkalemic cardiac arrest.
Rocuronium is an alternative. Given
the lack of evidence and the potential
risks associated with lidocaine and
fentanyl use in children, these medica-
tions are not recommended in chil-
dren younger than 10 years. Finally,
atropine use in parallel with succinyl-
choline should be reserved for special
circumstances, such as in infants
younger than 1 year.20

Breathing. Pulse oximetry should
be used for continuous oxygen moni-
toring, given the deleterious effects of

hypoxia.21,22 Supplemental oxygen
should be provided as needed. As
mentioned in the prehospital section,
hyperventilation has been associated
with an increase in morbidity and
mortality and must be avoided.23-25

After arrival in the ED, patients who
are kept in a range of PaCO2 of 30-39
mmHg have a significantly better out-
come than those who remained out-
side of this range.26 Continuous
ETCO2 monitoring should be used.27

Circulation. The goal is mainte-
nance of cerebral perfusion and avoid-
ance of ischemia. Hypotension occurs
mainly due to blood loss and shock
and is associated with significantly
worse outcomes.21,28 A single episode
of hypotension is associated with
increased morbidity and mortality,
and the aggressive correction of
hypotension improves outcomes.21,29-31

While the type of fluid that provides
optimal resuscitation still is not estab-
lished, there is no question as to the
need for adequate resuscitation for
hypotension.32 Intravascular volume
should be maintained at a central
venous pressure of 5-10 mmHg when
such monitoring is available.33 The
use of pressors as supplemental agents
to maintain adequate brain perfusion
after volume resuscitation has been
supported given the sensitivity of the
injured brain to even transient
episodes of hypotension. Alpha ago-
nists such as phenylephrine are pre-
ferred. They should be used with
close monitoring and be discontinued
as soon as possible.27

Sustained hypertension in patients
with TBI may indicate an underlying
serious medical condition, and treat-
ment may be warranted. Hyperten-
sion should not be treated before
ICP monitoring is initiated unless
the MAP is > 120 mmHg. Short-act-
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● The primary goals in the initial management of severe
TBI are to prevent secondary insults such as hypotension,
hypoxia, hypocapnea, seizures, and pyrexia and to estab-
lish the need for early surgical intervention.

● Child abuse must be considered in young children 
presenting with severe TBI.

● Comorbid conditions and the use of anticoagulation 
therapy must always be considered when managing elderly
patients with severe TBI.

● Patients with severe TBI should be managed at institu-
tions with specialized trauma and neurosurgical support.

Executive Summary



ing agents should be used. Analgesics
and anxiolytics should be used with
caution, as they can precipitate
hypotension.32

Brain Trauma Foundation 
The following section will be organ-

ized largely in parallel with the third
edition of the BTF’s Guidelines for
the Management of Severe Traumatic
Brain Injury.23 It will be organized
with emphasis on the issues most ger-
mane to emergency physicians. 

Airway and Breathing.
Oxygenation should be monitored and
hypoxia avoided. As was mentioned in
the previous section, hypoxia (PaO2 <
60 mmHg or O2 sat < 90%) should be
avoided. Data from the large prospec-
tively collected TCDB has shown that
hypoxemia has a significant adverse
effect on morbidity and mortality.21

Prophylactic hyperventilation is not
recommended. Hyperventilation dur-
ing the first 24 hours should be avoided
while cerebral blood flow often is criti-
cally reduced. Hyperventilation is rec-
ommended as a temporizing measure
for the reduction of ICP, and it should
be done in the setting of brain oxygen
monitoring. Brain swelling and an ele-
vation of ICP develop in 40% of
patients with severe TBI, and high
ICP is a major cause of disability and
death.34-37 The assumption follows
that because hyperventilation lowers
ICP, it should be good for patients
with severe TBI. Unfortunately,
hyperventilation decreases ICP by
causing cerebral vasoconstriction with
a resultant decrease in CBF, and his-
tologic studies have shown that cere-
bral ischemia is found in most TBI
victims who die.38-44 A randomized
trial found significantly worse out-
comes at 3 and 6 months when pro-
phylactic hyperventialion was used

compared to when it was not.25

It is not clear how the use of short-
term hyperventilation in the setting of
acute herniation impacts outcome.23

Hyperventilation will reduce ICP by
25%, with an onset of effect within 30
seconds.45 It should be viewed as a
short-term life-saving intervention,
should be performed to a level of
PCO2 30-35 mmHg, and should only
be used by an emergency medicine
physician when a patient experiences
signs and symptoms associated with
herniation.46 It should be discontin-
ued when symptoms improve.
Hyperventilation to PCO2 levels
below 30-35 mmHg should be con-
sidered second-tier therapy.27

Circulation. Blood pressure should be
monitored and hypotension avoided.
Both prehospital and in-hospital
hypotension (SBP < 90 mmHg) have
been implicated in poor outcomes.28

Data from the TCDB shows that a
single prehospital episode of hypoten-
sion was among the most powerful
predictors of outcome and was associ-
ated with a doubling of mortality as
compared to matched controls.21

Jones et al. showed that total duration
of in-hospital hypotensive episodes
was a significant predictor of both
morbidity and mortality.22

Cerebral Perfusion. Aggressive
attempts to maintain CPP > 70 with
fluids and pressors should be avoided
because of the risk of adult respiratory
distress syndrome. A CPP < 50 should
be avoided. Adequate CPP is impor-
tant for sufficient oxygenation of the
brain following TBI. However, main-
taining a CPP > 70 mmHg using flu-
ids and vasopressors (induced
hypertension) has been shown to
increase the risk of adult respiratory
distress syndrome.47 The BTF coun-
sels against induced hypertension as

an alternative to reducing ICP.23,33

The CPP should be maintained
between 50–70 mmHg, and the ICP
at or below 20 mmHg.23 The routine
treatment of acute hypertension in
TBI is not recommended.23,33

Successful management of severe TBI
patients will involve managing ICP,
CPP, and MAP to achieve optimal
levels of each throughout the course
of treatment.

Monitoring. ICP should be moni-
tored in all salvageable patients with a
severe TBI and an abnormal CT scan.
ICP monitoring is indicated with a
normal CT scan if the patient has two
or more of the following: age > 40,
motor posturing, or SBP < 90. The
objective of monitoring is to maintain
optimal cerebral perfusion and oxy-
genation and avoid secondary injury
while the brain recovers. The recom-
mended means of monitoring ICP is
via an intraventricular catheter.23

While ICP monitoring typically is per-
formed in the ICU, with ED board-
ing becoming increasing prevalent,
emergency physicians should be aware
of the recommendation. Treatment
for elevated ICP should commence
with an ICP > 20 mmHg.37,48-50

Jugular venous saturation and brain
tissue oxygen monitoring measure cere-
bral oxygenation. The aforementioned
devices enable measuring oxygen
delivery to the brain. ED physicians
should, at minimum, be aware of the
use of these devices.23

Pharmacotherapeutics. (See Table
2.) Hypersomolar Therapy (Mannitol
and Hypertonic Saline). Mannitol is
effective for control of raised ICP.
Arterial hypotension should be avoided.
Restrict mannitol use prior to ICP
monitoring to patients with signs of
transtentorial herniation or progressive
neurological deterioration (i.e., signs of
elevated ICP and impending hernia-
tion) not attributable to extracranial
causes. If a herniating patient is not
responding to acute hyperventilation
(ETCO2 30-35 mmHg), mannitol
should be considered.46 Mannitol at a
dose of 0.25-1.0 g/kg has become
the standard for control of elevated
ICP in severe head injury patients.
The benefits are derived from three
factors. Mannitol increases cardiac
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TTiimmee MMeeddiiccaattiioonn
Pretreatment 3 minutes Lidocaine 1.5 mg/kg IV
before paralysis then

Fentanyl 3 mcg/kg IV if CV stable

Paralysis Etomidate 0.3 mg/kg IV
Succinylcholine 1.5 mg/kg IV

Table 1: A Recommended RSI Strategy for Severe TBI



output (thereby improving CPP), it
causes diuresis, and it decreases CSF
production.46 The osmotic effects
occur within minutes and peak about
60 minutes after administration. The
duration of effect is six to eight
hours.51,52 Mannitol occasionally
causes a profound diuresis with subse-
quent systemic hypotension, and it is
thought to cause rebound hyperten-
sion and increases in ICP.33 As such,
other hyperosmolar agents have been

evaluated to treat elevations in ICP. 
Hypertonic Saline (HTS).

Unfortunately, there have been few
well-designed human clinical studies
assessing outcomes, and at this point
the impact of HTS appears to be both
modest and inconclusive. In its most
recently published guidelines, the
BTF stated, “Current evidence is not
strong enough to make recommenda-
tions on the use, concentration and
method of administration of HTS for

the treatment of traumatic intracranial
hypertension.”23 Routine use in the
emergency department should be
reserved for situations when it is
directed by the neurosurgical team as
part of local protocol.

Anesthetics, Analgesics, and
Sedatives. High-dose barbiturate ther-
apy is indicated to control elevated
ICP refractory to standard medical
and surgical treatment. Maintenance
of hemodynamic stability is critical
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Mannitol Likely beneficial Patient with cerebral herniation not 
responding to hyperventilation

Hypertonic saline Uncertain effect on outcome Use only with local protocol

Sedatives Not proven to effect outcome, but Propofol infusion has gained wide
facilitates patient management in a acceptance
humane manner

Steroids Worsens survival Not recommended for use

Anticonvulsants Not proven to effect outcome, but reduces Closed TBI with elevated ICP
rate of early post-traumatic seizures Penetrating TBI

Prophylactic antibiotics Uncertain effect on mortality, but reduces One study found reduced rate of post-
rate of early infection intubation pneumonia with two doses of 

prophylactic antibiotics
Commonly used for open skull fractures, 
basilar skull fractures with CSF leak, and 
penetrating TBI

Prolonged therapeutic Improved survival identified on meta- Shows promise when duration > 48
hypothermia analysis of 8 clinical trails hours, requires further study

Antipyretics Likely beneficial Acetaminophen and external cooling to 
control fever

Warfarin reversal Possibly beneficial Shows promised for TBI with ICH in a 
patient on pre-injury warfarin therapy
Vitamin K alone not effective; requires 
use of factor replacement with fresh 
frozen plasma, prothrombin complex 
concentrates, and/or recombinant 
factor VIIa (rFVIIa)

Progesterone Possibly beneficial Shows promise for moderate TBI 
(GCS 4-12), requires further study

Table 2: Summary of Pharmacotherapy for Severe TBI
AAggeenntt  oorr  CCllaassss EEffffeecctt  oonn  ssuurrvviivvaall  aanndd//oorr  IInnddiiccaattiioonnss,,  rreeccoommmmeennddaattiioonnss,,  

nneeuurroollooggiicc  oouuttccoommee aanndd  ccoommmmeennttss



during barbiturate therapy. Propofol is
recommended for control of ICP, but it
does not improve mortality or 6-month
outcome, and high-dose propofol can
increase mortality. It has long been
considered beneficial to control pain
and agitation in TBI patients, as they
might contribute to elevations in ICP.
The recent BTF guidelines recognize
that analgesics are commonly used for
ICP control, but the guidelines cau-
tion that analgesics have not been
shown to improve outcomes and that
consideration must be given to the
undesirable side effects.23 The use of
fentanyl has been associated with
decreases in MAP and rises in ICP;
morphine provides limited sedation
and has been associated with tachycar-
dia and rebound rises in ICP.23,53-55

Benzodiazepines are routinely used
for sedation in patients with severe
TBI. It should be noted, however,
that Papazian et al. found that bolus
dosing of midazolam was associated
with decreases in MAP and rises in
ICP. CPP fell to below 50 mmHg in
33% of patients. The authors advise
that midazolam should be used with
great caution in patients with severe
TBI.56 The BTF recommends high-
dose barbiturates for ICP control
when other standard medical and sur-
gical therapies have failed, but it cau-
tions that the potential complications
mandate that its use be limited to crit-
ical care providers.23

Propofol has become widely used as
a neurosedative in adults. It sup-
presses seizure activity and has been
shown to depress cerebral metabolism
and oxygen consumption, producing
a theoretical neuroprotective effect.
While propofol has been associated
with hypotension, several studies in
the brain injury population have
found no significant changes in MAP
and ICP with propofol infusions.57-59

It should be noted that high-dose
propofol (> 83 mcg/kg/min) has
been associated with increased rates
of propofol infusion syndrome (lac-
tic acidosis, arrythmias, rhabdomyol-
ysis) and subsequent cardiovascular
collapse.60

Steroids. The use of steroids is not
recommended for improving outcome or
reducing ICP. In patients with severe

TBI, high-dose methylprednisolone is
associated with an increased mortality
and is contraindicated. The BTF
guidelines are very clear that the
majority of evidence indicates that
steroids have a deleterious effect and
should not be used. They go on to
say there is little interest for future
study.23

Prophylaxis. Seizure Prophylaxis.
Anticonvulsants are indicated to
decrease the incidence of early post-
traumatic seizures (within 7 days of
injury). The reported incidence of
early post-traumatic seizures has
ranged from 4-25%.23,61 In the acute
phase, seizures may precipitate sec-
ondary brain injury by impacting ICP,
oxygenation, and neurotransmitter
release. Additionally, experimental
studies have suggested that early
seizures might generate a permanent
seizure focus precipitating chronic
epilepsy. Several retrospective studies
have demonstrated the efficacy of
phenytoin in preventing post-trau-
matic seizures.62,63 Haltiner et al. have
shown that the incidence of side
effects during the first two weeks of
anticonvulsant therapy with phenytoin
is low.64 Temkin et al. found a similar
incidence of early post-traumatic
seizures with both phenytoin and val-
proic acid, but valproic acid-treated
patients had a trend toward increased
mortality.65 There is no evidence that
the use of anticonvulsant therapy to
prevent early post-traumatic seizures
improves neurologic recovery or sur-
vival.23 Given the side effect profiles of
commonly used seizure medications,
it is reasonable to limit their use to
situations in which a seizure might
compromise tenuous ICP control.27

Patients with penetrating TBI should
receive early prophylaxis given the
high incidence of seizures in this
group.66 Benzodiazepines remain the
mainstay in the management of acute
seizures.67

Infection Prophylaxis. Periprocedural
antibiotics should be administered to
reduce the incidence of pneumonia.
This recommendation is based on a
single study, and there is no support
for a prolonged course of prophylactic
antibiotics.23 Sirvent et al. randomized
100 critically ill patients (86 of whom

had severe TBI) to receive either two
doses of 1.5 g IV cefuroxime within 6
hours of intubation or no antibiotics.
The incidence of pneumonia in the
treated group was 23% vs. 64%. There
was no impact on mortality.68

While there is limited data to sup-
port the specific antibiotic type and
duration of therapy, broad-spectrum
prophylactic antibiotics (e.g., van-
comycin and ceftriaxone) should be
administered for open skull fractures,
basilar skull fractures with CSF leaks,
and penetrating brain injuries.27

Miscellaneous. Hypothermia.
Prophylactic hypothermia is not signifi-
cantly associated with decreased mor-
tality when compared with
normothermic controls. Prophylactic
hypothermia is associated with higher
Glasgow Outcome Scale scores when
compared to scores for normothermic
controls. Despite the above statement,
the BTF Guidelines offer that prelimi-
nary data suggest hypothermia might
positively impact mortality when it is
continued for greater than 48 hours.
Importantly, the guidelines also note
that induced hypothermia increases
the risk of infection and bleeding, a
particularly important issue in the
multi-trauma patient.23 Since the pub-
lication of the guidelines, a meta-
analysis of eight clinical trials of adult
TBI by Peterson et al. has shown a
significant reduction in mortality (rel-
ative risk 0.51) and improved neuro-
logic outcomes in patients treated for
more than 48 hours with moderate
hypothermia (32-33 °C). The authors
note an increased risk of pneumonia
(relative risk, 2.37).69 Prolonged mod-
erate hypothermia requires further
research but offers promise to prevent
neuronal injury in the treatment of
severe TBI.

Figure 1 is an algorithm for the
management of severe TBI that incor-
porates the latest BTF guideline rec-
ommendations and emphasizes
emergency department care.  

Additional Therapies 
There are several additional thera-

pies that are not addressed by the
BTF guidelines. The following section
will briefly discuss these therapies.

Antipyretics. Fever is an independent
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Figure 1: Algorithm for the Management of Severe TBI

Severe TBI 
GCS < 8

Assess/Treat ABCs
• Maintain O2 sat > 90% with non-rebreather
• Endotracheal intubation IF indicated
• Target ETCO2 35-40 mmHg
• Maintain SBP > 90 mmHg with isotonic fluids
Disability
• GCS and pupil exam
Serum glucose
General trauma management
Cervical spine precautions

Prehospital

Transport to neurotrauma 
center if available

ABCDs

Primary and Secondary Survey
IV access
Laboratories: ABG, CBC,
PT/INR, blood typing, others
Imaging: Noncontrast CT head,
CXR, cervical spine, abdomen,
others as indicated

RSI as indicated
• Target ETCO2 35-40 mmHg
Maintain O2 sat > 90%, 
SBP > 90 mmHg, 
MAP > 70 mmHg
Head of bed 30 degrees
Sedation as indicated
Maintain normothermia
Glucose control
Seizure prophylaxis as 
indicated

Emergency
Department

Signs of herniation present

Hyperventilate ETCO2 30-35 mmHg

Mannitol 0.25-1 g/kg if CV stable
Consider hypertonic saline

ICU for ICP and other brain
monitoring
Operating room if surgical

SSiiggnnss  ooff  HHeerrnniiaattiioonn::
Hyperventilate to ETCO2

30-35 mmHg until signs 
of herniation resolve



predictor of poor outcome from TBI
and, as such, fevers should be lowered
rapidly.22,70 In patients with fever and
ICH, acetaminophen typically is the
agent of choice.27 Consideration
should be given to cooling blankets
and a fan.27 Care should be taken to
determine the source of the fever and
not to assume that it is neurologic in
origin.  

Anticoagulation Reversal Agents.
Several studies have shown that anti-
coagulated TBI patients with a high
INR have worse outcomes, and others
have shown that anticoagulation
reversal improves outcomes in patients
with spontaneous intracranial hemor-
rhage.5,71-75 A prospective cohort study
of 82 TBI patients treated with a war-
farin reversal protocol found a lower
mortality than in historical controls
who were not reversed.76 Of note, fol-
low-up work by the same authors
failed to show a benefit.77 In an analy-
sis of warfarin-associated ICH,
Aguilar et al. were unable to reach
consensus on the means of warfarin
reversal, with experts varying in their
support for fresh frozen plasma, pro-
thrombin complex concentrates, and
recombinant factor VIIa (rFVIIa).
The authors were clear that anticoag-
ulation must be reversed and that
vitamin K was inadequate.74,78-83 In
summary, anticoagulation typically
should be reversed, but on a case-by-
case basis based on local protocol. 

Great interest has developed over
the use of rFVIIa for the treatment of
traumatic hemorrhages. To date, there
has not been a randomized controlled
trial examining the efficacy of rFVIIa
for the treatment of severe TBI with
hemorrhage.5 A phase IIb study
examined the use of rFVIIa for the
treatment of spontaneous intracranial
hemorrhage and showed a significant
reduction in hematoma growth and
mortality with improved neurologic
recovery. Unfortunately, the phase III
trial failed to confirm these findings.83

A subsequent subset analysis of a trial
evaluating the effectiveness of rFVIIa
in 143 multi-trauma patients showed
no impact on standard outcomes in
the 30 patients with TBI.84 There are
numerous ongoing trials evaluating
the utility of rFVIIa in the treatment

of patients with severe TBI.5 Given its
high cost and uncertain efficacy, the
use of rFVIIa should be made on a
case-by-case basis according to local
policies and procedures.

Neuroprotective Agents. During
the past 25 years, more than 20 agents
have been studied in phase III clinical
trials of severe TBI. As of 2007 none
of these agents had shown efficacy in
the overall study population.85-88

A recent review of published pre-
clinical and epidemiological studies
summarized evidence for the neuro-
protective effects of progesterone fol-
lowing TBI.89 Animal studies show
that progesterone infused shortly after
TBI reduces cerebral edema, prevents
neuronal loss, and improves func-
tional outcomes.5 The ProTECT
study is the first human trial (double-
blind, placebo-controlled) of proges-
terone as a treatment in early TBI and
showed no harmful effects compared
to placebo and showed a nonsignifi-
cant trend toward improved out-
comes.90 A more recent randomized
controlled trial of progesterone has
shown a beneficial effect by decreas-
ing mortality compared to placebo.91

Ongoing studies evaluating proges-
terone undoubtedly will contribute
significantly to our understanding of
progesterone’s effects following TBI.

Glucose Control. In patients
with severe TBI, optimal glycemic
control is indicated as in other criti-
cally ill patients. It should be noted
that the injured brain does not tol-
erate hypoglycemia.92

Head of Bed Elevation. Head of
bed (HOB) elevation to 30 degrees is
recommended to lower ICP by facili-
tating venous drainage as well as CSF
drainage through the foramen mag-
num. Reverse Trendelenberg can be
used prior to spine clearance.27 Several
studies demonstrate a reduction in
ICP with the HOB elevated.5,93-96

Raising the HOB to greater than 30
degrees should be avoided prior to
ICP monitoring because it can
increase ICP via the effects of
increased intra-abdominal pressure.27

Caution should be used in raising the
HOB prior to resuscitation as it can
lower blood pressure and subse-
quently CPP.27

Burr Holes. Burr hole drainage
might be life-saving in patients herni-
ating from an EDH. The mechanics
of the procedure are considered sim-
ple enough to be performed by the
willing emergency physician.27 Before
operating, the emergency physician
should contact a neurosurgeon for
consultation and definitive care. The
ultimate decision to perform this pro-
cedure clearly depends on the experi-
ence and training of the provider, the
clinical situation, and the availability
of neurosurgical back-up.27

Special Populations
The Pediatric Patient. During the

first two years of life, abusive or
nonaccidental head trauma is a lead-
ing cause of morbidity and mortality,
accounting for nearly one-quarter of
all pediatric hospital admissions for
head injuries.97-99 Child abuse must be
seriously considered in any child
younger than age 4 with severe
TBI.46,100 Age-related values always
should be used to determine treat-
ment parameters.103 Moderate
hypothermia (32-33°C) has shown
early promise as a potential therapy
for pediatric TBI, but more research
is needed before it should be consid-
ered standard of care.104 At present
there is an ongoing Phase III ran-
domized controlled trial called Cool
Kids.105 For more details on the man-
agement of pediatric TBI, the reader
is referred the Guidelines for Acute
Medical Management of Severe
Traumatic Brain Injury in Infants,
Children and Adolescents.106

The Elderly Patient. There is
another peak in the incidence of TBI
in the elderly, and falls now are the
leading cause of TBI in this coun-
try.107 Preexisting conditions are com-
mon in the elderly, and injuries are
more likely to be complicated by anti-
coagulation. Elderly patients have
worse outcomes, with annual death
rates of 50.6 per 100,000 population
as compared to 18.1 per 100,000 in
the general population.5,108,109

The Intoxicated Patient.
Intoxicated patients are difficult to
manage in the prehospital setting
and in the emergency department.
They have been shown to undergo
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potentially unnecessary field intuba-
tions, but care also must be taken not
to attribute the entirety of their
altered mental status to intoxication
rather than underlying injury.2,4,110,111

Alcohol-intoxicated patients are more
likely to have delays in care and worse
outcomes.5,111,112 Golan, et al. demon-
strated a delay of more than two
hours to ICP monitoring in intoxi-
cated patients, and Gurney, et al.
demonstrated that intoxicated
patients were more likely to develop
pneumonia.111,112

Disposition
Patients with severe TBI should be

admitted to the intensive care unit
and to the neurocritical care unit
when available. If your hospital does
not have a trauma response system,
trauma surgery and neurosurgery
should be consulted early. If trauma
and neurosurgical support are not
available, the patient should be trans-
ported to an institution capable of
providing these services.24 Transport
to a level I trauma center for special-
ized care and the early detection and
treatment of surgical lesions has been
associated with a mortality benefit in
multi-trauma patients and specifically
in those with TBI.86,113-116 Patel and
colleagues showed a doubling of the
odds of death for patients with severe
TBI treated in non-neurosurgical cen-
ters vs. neurosurgical centers.117 Other
analyses support these findings.118-120

Summary/Bottom Line
Severe TBI is common and is asso-

ciated with profound morbidity and
mortality. Guideline-based care has
resulted in remarkable improvements
in outcomes.121-125 In order to con-
tinue to optimize outcomes, TBI
guidelines must continue to evolve in
accordance with the latest scientific
evidence and be effectively translated
into clinical practice. 
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Physician CME Questions
81.In the management of severe TBI, the CPP

should be maintained between:
A. 20-40 mmHg
B. 30-50 mmHg
C. 40-60 mmHg
D. 50-70 mmHg

82.In the management of severe TBI the ICP
should be maintained at:
A. < 60 mmHg
B. < 40 mmHg
C. < 20 mmHg
D. < 10 mmHg

83.Hypertonic saline should be used routinely
in the emergency department management
of a patient with severe TBI.
A. true
B. false

84.The goal ETCO2 in a patient with signs of
herniation is:
A. 40-45 mmHg
B. 25-30 mmHg
C. 30-35 mmHg
D. 35-40 mmHg

85.Child abuse is a common cause of severe
TBI in the very young and must always be
considered.
A. true
B. false

86.The leading cause of TBI in the elderly is:
A. motor vehicle collisions
B. abuse
C. assault
D. falls

87.Patients with severe TBI should always be
transported to the closest hospital.
A. true
B. false

88.The use of succinylcholine is contraindicated
in patients with:
A. recent burn or crush injury
B. history of malignant hyperthermia
C. denervation syndromes

D. all of the above

89.All of the following can be used in the early
management of severe TBI except:
A. steroids
B. mannitol
C. anticonvulsants
D. antipyretics

90.Acute seizures in severe TBI patients should
be managed with:
A. phenobarbital
B. lorazepam
C. phenytoin
D. valproic acid
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Severe Traumatic
Brain Injury 

Part II

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Summary of Pharmacotherapy for Severe TBI

Mannitol Likely beneficial Patient with cerebral herniation not 
responding to hyperventilation

Hypertonic saline Uncertain effect on outcome Use only with local protocol

Sedatives Not proven to effect outcome, but Propofol infusion has gained wide
facilitates patient management in a acceptance
humane manner

Steroids Worsens survival Not recommended for use

Anticonvulsants Not proven to effect outcome, but reduces Closed TBI with elevated ICP
rate of early post-traumatic seizures Penetrating TBI

Prophylactic antibiotics Uncertain effect on mortality, but reduces One study found reduced rate of post-
rate of early infection intubation pneumonia with two doses of 

prophylactic antibiotics
Commonly used for open skull fractures, 
basilar skull fractures with CSF leak, and 
penetrating TBI

Prolonged therapeutic Improved survival identified on meta- Shows promise when duration > 48
hypothermia analysis of 8 clinical trails hours, requires further study

Antipyretics Likely beneficial Acetaminophen and external cooling to 
control fever

Warfarin reversal Possibly beneficial Shows promised for TBI with ICH in a 
patient on pre-injury warfarin therapy
Vitamin K alone not effective; requires 
use of factor replacement with fresh 
frozen plasma, prothrombin complex 
concentrates, and/or recombinant 
factor VIIa (rFVIIa)

Progesterone Possibly beneficial Shows promise for moderate TBI 
(GCS 4-12), requires further study

Agent  or  Class Effect  on  survival  and/or  Indications,  recommendations,  
neurologic  outcome and  comments

A Recommended RSI Strategy for Severe TBI

Time Medication
Pretreatment 3 minutes Lidocaine 1.5 mg/kg IV
before paralysis then

Fentanyl 3 mcg/kg IV if CV stable

Paralysis Etomidate 0.3 mg/kg IV
Succinylcholine 1.5 mg/kg IV
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Algorithm for the Management of Severe TBI

Severe TBI 
GCS < 8

Assess/Treat ABCs
• Maintain O2 sat > 90% with non-rebreather
• Endotracheal intubation IF indicated
• Target ETCO2 35-40 mmHg
• Maintain SBP > 90 mmHg with isotonic fluids
Disability
• GCS and pupil exam
Serum glucose
General trauma management
Cervical spine precautions

Prehospital

Transport to neurotrauma 
center if available

ABCDs

Primary and Secondary Survey
IV access
Laboratories: ABG, CBC,
PT/INR, blood typing, others
Imaging: Noncontrast CT head,
CXR, cervical spine, abdomen,
others as indicated

RSI as indicated
• Target ETCO2 35-40 mmHg
Maintain O2 sat > 90%, 
SBP > 90 mmHg, 
MAP > 70 mmHg
Head of bed 30 degrees
Sedation as indicated
Maintain normothermia
Glucose control
Seizure prophylaxis as 
indicated

Emergency
Department

Signs of herniation present

Hyperventilate ETCO2 30-35 mmHg

Mannitol 0.25-1 g/kg if CV stable
Consider hypertonic saline

ICU for ICP and other brain
monitoring
Operating room if surgical

Signs  of  Herniation:
Hyperventilate to ETCO2
30-35 mmHg until signs 

of herniation resolve


