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Opinion statement

Traumatic brain injury (TBI) is a complex disease process that requires constant at-
tention as one manages the associated body systems. Even though an “isolated”
brain injury may be the cause for admission to the hospital, the injured brain cannot
be thought of in isolation from the remainder of the body. All body systems, from car-
diac to pulmonary, need to be addressed as one moves from the initial to the long-term
management of the TBI. The multiple issues are best addressed with a dedicated neuro-
critical care team that is in continuous communication with the neurosurgical team
throughout the course of treatment. To date, no pharmacologic treatment has led to
improved outcomes after TBI, but it is becoming increasingly clear that advances in
the critical care of TBI patients are contributing to better results.

During resuscitation of the TBI patient, medical management in its simplest form strives to
return measurable vital signs and laboratory values (eg, intracranial pressure, mean arterial
pressure, blood glucose, Pa0,, or PaC0,) to their normal range. The initial goal is to main-
tain or reestablish normal homeostasis.

The initialinjury to the brain is irreversible by any medical modalities available today. After
the initial resuscitation, medical maneuvers are directed at limiting secondary damage to
the brain. Secondary brain injury occurs in response to inflammatory changes, expanding
hematomas, cellular swelling, seizures, and systemic complications (ie, hemodynamic or
pulmonary changes, fever, pain); vulnerable surrounding brain tissue can be damaged
through alterations in cerebral perfusion and metabolism. Treatments to address these
issues include, but are not limited to, analgesics, sedatives, anticonvulsants, hyperosmotic
agents, and hypothermia.

The future of TBI care likely lies in the areas of better injury classification to guide thera-
peutic interventions, management of secondary injury, improved technology for intracra-
nial monitoring, and regeneration/rehabilitation. Studies focusing on signaling pathways,
neural stem cells, and reparative medications are all in the early stages of development;
their use is currently experimental at best.

There are few areas in medicine where clinicians have the opportunity to impact a patient’s
life to the degree seen in the management of TBI. Although parts of the proverbial puzzle
certainly remain unsolved, it is the remarkable recoveries that patients make with the ther-
apeutic modalities available today that keep management of TBI one of the most exciting
areas in medicine.
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Introduction

Each year, about 1.5 million people in the United
States incur a traumatic brain injury (TBI), a number
that far outpaces new cases of cancer. TBI contributes
to 50,000 deaths and at least 235,000 hospitalizations
each year in the United States [1]. The effects on soci-
ety are profound, especially when lost wages and pro-
ductivity are considered. The annual cost of TBI in the
United States is estimated to be $62 billion [1]. The
demographics of TBI show that males are twice as like-
ly as females to sustain a TBI, and the most frequent
mechanism of TBI is motor vehicle crashes [2]. Age al-
so makes a difference: children between the ages of
ages 0-4 and 15-19 years are at the highest risk for
an injury, whereas adults over the age of 75 are most

Treatment

likely to die from a TBI [2]. Morbidity and mortality
related to TBI often are not directly related to the brain
injury itself, but rather may be due to complications
that result from the inability of a comatose patient
to protect the airway or ambulate.

The appropriate management of TBI begins before
patients arrive at the hospital and continues long after
their discharge. Advances in neuromonitoring, neuro-
imaging and neurocritical care have drastically
changed the medical management and outcomes of
TBI [3]. Biomarkers of brain injury and genetic testing
to guide the use of central nervous system (CNS)—
specific therapies are likely to be critical in the future
of TBI management.

Over the past two decades, TBI has been identified as a major cause
of death and disability, especially in young and previously healthy
patients. Hospitalizations and morbidity related to TBI have de-
creased over this period as a result of improved awareness [4] and
specialization of care delivery.

Diet and lifestyle

No single diet or lifestyle variable has been shown to be protective
in TBI. Outcomes of TBI are worse in obese patients, but the
higher rate of mortality and complications in obese patients
appears to depend largely on age and other associated medical
conditions [5].

The use of restraint devices in automobiles and helmets during
motorcycle riding and sports activities has proven to be beneficial.
Their use must be emphasized by the health care system [6,7].

The role of appropriate nutrition replacements is important in the
course of recovery, especially with severe head injuries. Initiation of
feeding within 48 h of TBI is associated with improved outcomes and
should be stressed in the immediate postresuscitation period (Level
IT evidence, moderate clinical certainty) [8].

Pharmacologic treatment

Various types of pharmacologic agents are used to limit secondary
damage to the injured brain during the healing process. Although the
same medications used in intensive care units are commonly used in
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managing TBI patients, the use of some drugs (as discussed below) is
unique to this patient population.

Corticosteroids were associated with increased mortality in a large,
multicenter, randomized, placebo-controlled clinical trial. The use of
corticosteroids is contraindicated in TBI patients (Level I evidence, a
high degree of clinical certainty) [9ee,10, Class IJ.

Sedatives

Propofol

Standard dosage
Contraindications
Main drug interactions

Main side effects

Special points

Cost/cost-effectiveness
Midazolam

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points
Cost/cost-effectiveness

Lorazepam

Standard dosage

Contraindications

Main drug interactions

The use of sedatives for management of patients with TBI is a Level II
recommendation (moderate clinical certainty) [9ee].

Often given as a continuous infusion with a range of 50-100 pg/kg per
minute.

Should be avoided in children and in patients with allergies to eggs, egg
products, soybeans, or soy products.

No absolute drug interactions, although lower doses of propofol are often
required in patients receiving opioids.

Cardiac and respiratory depression are common. Propofol is avoided in
children, because of a higher risk of propofol infusion syndrome and liver
dysfunction [11].

Propofol has become the sedative of choice in many neuro-intensive care
units because of its rapid onset and short half-life. Care must be taken with
long-term infusions, as they have been associated with complications.

Expensive but cost-effective for desired outcome.

Typically given intravenously (IV) either as single bolus doses of 1-2 mg or a
continuous infusion in the range of 0.01-0.1 mg/kg per hour.

Known drug allergy, narrow-angle glaucoma.

Caution is advised when midazolam is administered with drugs that are
known to inhibit the P450 3A4 enzyme system. Care must be taken when
combined with other sedating drugs, as effects may be potentiated.

Retrograde amnesia, cardiac arrhythmias, hypotension.

Care and proper monitoring are required, as midazolam has been associated
with cardiac and respiratory arrest.

Expensive.

Can be used in oral or IV formulation; a typical dosage ranges from 1 to
10 mg/d.

Pregnancy, allergy to benzodiazepines, acute narrow-angle glaucoma.

Increased sedative effects when given with other CNS depressants
(ie, alcohol, barbiturates, opioids). Probenecid and valproate increase
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Main side effects

Special points

Cost/cost-effectiveness
Quetiapine fumarate

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

Cost/cost-effectiveness
Dexmedetomidine hydrochloride

Standard dosage

Contraindications
Main drug interactions
Main side effects

Special points

Cost/cost-effectiveness
Trazodone

Standard dosage
Contraindications

Main drug interactions

Main side effects

the effective concentration of lorazepam through inhibition of glucur-
onidation. Theophylline or aminophylline may reduce the sedative
effects of benzodiazepines, including lorazepam, by increasing
clearance.

Sedation, weakness, dizziness, unsteadiness of gait.

Lorazepam is used in the TBI patient for both its sedative and antiepileptic
effects. With prolonged use, lorazepam may accumulate in fat tissue, so
sedative effects may persist after discontinuation.

Moderate cost.

The typical starting dosage in patients with TBI is 25 mg twice daily. This
dose is much lower than that typically used for psychiatric disorders.

None identified.

Poorly recognized at this time, but care must be taken when combining with
any centrally acting drug.

Headache, agitation, somnolence.

Care must be taken with long-term administration of this drug in patients
with depression or in elderly patients with psychotic dementia, owing to
evidence of increased mortality rates. This agent may be particularly helpful
in the combative, agitated TBI patient.

Expensive; cost-effectiveness varies depending on the patient.

A loading dose of 1 ug/kg over 10 min with a maintenance dose of 0.2-
0.7 pg/kg per hour can be used. The maintenance infusion can be adjusted
for patient comfort.

Prior allergic reaction.
Care must be taken when given with other sedatives or opioids.
Cardiovascular effects, sedation.

This is a newer agent that has potential for widespread use in the neuro-
intensive care unit. The rapid on-off characteristics of dexmedetomidine
make it an option for procedural uses. Because it causes little respiratory
depression, dexmedetomidine may become the drug of choice for ventilator
weaning and extubation.

Very expensive; cost-effectiveness yet to be determined.

Doses of 50-100 mg are typically given at night to address anxiety and re-
store sleep-wake cycles.

Prior allergic reaction.
Potentiated action when combined with other antidepressants.

Drowsiness and lightheadedness are the most common.
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Special points

Cost/cost-effectiveness

Long-term use has been associated with an increased risk of suicide, but the
impact of this risk is unclear in the inpatient setting.

Moderate price; cost-effectiveness depends on the patient.

Antiepileptic drugs

Phenytoin

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

Cost/cost-effectiveness
Levetiracetam

Standard dosage

Contraindications
Main drug interactions

Main side effects

Special points

The use of antiepileptic drugs for management of patients with TBI is
a Level II recommendation (moderate clinical certainty) [9ee].

The goal range for clinical effectiveness is a serum level ranging from
10 to 20 pg/mL. Patients should receive an IV loading dose of 10-
20 mg/kg, followed by a maintenance dose of 5 mg/kg per day in
divided doses.

Prior allergic reaction to phenytoin or hydantoins.

Many drugs can alter the metabolism of phenytoin, and care must be taken
to follow therapeutic ranges to guide daily dose adjustments.

The main side effects of IV formulations are hypotension and cardiac
arrhythmias. Both IV and oral formulations can cause nystagmus, dizziness,
ataxia, and altered level of consciousness. Systemic side effects can include
nausea, hematopoietic suppression, and a skin reaction of the Stevens-
Johnson type.

In TBI, phenytoin is indicated for the prevention and control of seizures
resulting from brain trauma. Fosphenytoin is a phosphorylated version of
phenytoin that can be infused more rapidly and has slightly fewer hemo-
dynamic effects. Its dosing is similar to phenytoin.

Moderate cost; IV formulations are more expensive.

Initial daily doses range from 500 to 3000 mg divided between two daily
doses, with a maximum daily dose of 6000 mg per day. IV and oral for-
mulations are available, and doses are clinically equivalent. The serum level
of levetiracetam provides little information regarding effective dosing;
therefore, the drug is titrated to effect.

Prior allergic reaction to levetiracetam.
None yet shown to be prevalent.

Many CNS side effects have been observed, ranging from somnolence to
agitation, but these are usually mild. General symptoms of nausea, rhinitis,
and cough can also occur.

Levetiracetam is a newer antiepileptic drug that is being used more fre-
quently in critically ill neurologic patients. A major advantage of this
medication is that levels do not have to be followed or adjusted to a
specific range, and the side effect profile appears better than the profile
for phenytoin [12, Class II]. It can be used for both prevention and
treatment of posttraumatic seizures.



Traumatic Brain Injury A. Losiniecki, L. Shutter 147

Cost/cost-effectiveness

Expensive but effective; significant price differences between IV and oral
formulations.

Sedative/antiepileptic drug

Pentobarbital

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

Cost/cost-effectiveness

The use of high-dose barbiturates for management of refractory ICP
elevations in patients with TBI is a Level II recommendation (mod-
erate clinical certainty) [9ee].

This medication may be used to treat elevations in intracranial pressure (ICP) that
are refractory to other medical interventions. In this situation, a continuous in-

fusion of pentobarbital is used to achieve burst suppression on EEG monitoring.
The loading dose is 10-20 mg/kg, followed by an infusion of 1-3 mg/kg per hour.
The dose is titrated based on the EEG response. Pentobarbital may also be used for
its potent antiepileptic effects in a patient with known refractory status epilepticus.

Prior hypersensitivity to barbiturates or history of porphyria.

Can affect anticoagulant levels, corticosteroids, antiepileptic drugs, and other
CNS depressants.

Hemodynamic collapse can occur; patients receiving pentobarbital must be
continuously monitored. A global hypometabolic state occurs with pro-
longed use, resulting in impaired gastrointestinal motility, cardiac function,
and immunologic responses.

Pentobarbital is a powerful agent to reduce and control ICP in the patient
with refractory intracranial hypertension. Care must be taken when deciding
to use pentobarbital, as the neurologic examination is lost and side effects
can be catastrophic.

Moderate cost but effective.

Analgesics

Fentanyl

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

The use of analgesics for management of patients with TBI is a Level
IT recommendation (moderate clinical certainty) [9ee].

Can be used at intermittent IV doses of 25-100 pg for pain control. Continuous
IV infusion of 25-100 pg/h is common and can be titrated to effectiveness.

Prior allergic reaction to fentanyl or other opioids.

Synergistic effects when given with other CNS depressants such as opioids,
benzodiazepines, or muscle relaxants. Fentanyl is metabolized via the
human cytochrome P450 3A4 enzyme system, so drugs that affect this
system can raise or lower fentanyl concentrations.

Respiratory depression, hypotension, nausea, vomiting, and constipation are
commonly observed.

Commonly used in the intensive care unit, as it provides rapid onset and is
metabolized quickly, allowing frequent neurologic assessments. IV mor-
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Cost/cost-effectiveness

phine is used for analgesia in many facilities, but fentanyl is generally
preferred because of its rapid effect and clearance.

Moderate cost but effective.

Osmotic agents

Mannitol

Standard dosage

Contraindications

Main drug interactions

Main side effects
Special points

Cost/cost-effectiveness
Hypertonic saline

Standard dosage

Contraindications

Main drug interactions

Main side effects

Special points

Cost/cost-effectiveness

The use of osmotic agents (specifically mannitol) for management of
patients with TBI and increased ICP is a Level II recommendation
(moderate clinical certainty) [9ee].

Typically given as an IV bolus of 0.25-1 g/kg with suspected herniation or
elevated ICP. Infusion should be completed over 30-60 min.

Should not be used in patients with anuric renal failure or hypovolemia.
Renal failure can occur in severely dehydrated patients. Patients with heart
failure and pulmonary edema must be followed carefully, as these condi-
tions may worsen.

None are typical or common.

Hypotension, electrolyte imbalances, tachycardia, and marked diuresis are
common.

This is an effective agent for rapid reduction of ICP. Care must be taken when
repeated doses are used, because of the risk of diuresis and hypovolemia.

Expensive but cost-effective for desired outcome.

May be used in bolus dosing or as a continuous infusion to achieve goal
serum sodium of 145-160 mEq/L. Bolus dosing may use different concen-
trations of hypertonic saline ranging from 3% to 23.4%. Continuous infu-
sions generally use 3% hypertonic saline. The decision regarding method of
dosing is often institutionally determined. Dosing is determined by the
concentration of hypertonic saline used.

Should not be used in TBI patients with symptoms of diabetes insipidus.
Risk is extremely high in patients with renal failure, and caution should be
used in patients with congestive heart failure or pulmonary edema.

None are known.

Vein site thrombosis and phlebitis require that this agent be given via a
central venous line.

Provides rapid-onset reduction of ICP and may be the fluid of choice in
hypovolemic TBI patients during their initial resuscitation, as intravascular
volume can be increased while reducing ICP.

Expensive but effective.

Interventional procedures/ assistive devices

Most interventional procedures in TBI patients (except for exter-
nal ventricular drains) are for diagnostic purposes rather than for
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treatment. Individualized clinical judgment and patient-by-patient
evaluation cannot be emphasized enough. It is generally accepted
that patients who have a score 8 or less on the Glasgow Coma
Scale with an abnormal head CT scan, or those with a normal CT
scan but evidence of hypotension, motor posturing, or age over 40 years
require invasive monitoring for ICP, brain-tissue oxygen measurement,
and so forth. Patients with normal findings on head CT may require
invasive monitoring if examinations cannot be performed for extended
periods (eg, during long operations). Methods of monitoring used in
the TBI patient include:

Fiberoptic monitoring to continuously measure ICP. Clinical evi-
dence exists supporting the use of ICP monitoring for early detection
of intracranial mass lesions [13]. Once elevated ICP has been iden-
tified, therapeutic interventions such as ventilator adjustments, os-
motic therapy, and surgical decompression all may be treatment
options. In addition, ICP measurements can help to assess progno-
sis. ICP monitoring is recommended by consensus guidelines for
head injury management [9ee,14].

External ventricular drains (EVDs) can be placed to monitor and
treat elevated ICP [15]. EVDs can be placed at the bedside without
transporting patients to the operating room. To function correctly,
the drain must be placed into the ventricular system and have a
continuous fluid column. An EVD is generally preferred to fiberoptic
ICP monitoring alone, as it is more accurate and allows therapeutic
drainage.

Brain tissue oxygen (PbtO,) monitoring has been available for
many years but only recently has been widely used to provide data
complementary to ICP monitoring. PbtO, is thought to represent
the diffusion of dissolved plasma oxygen into the brain. Low PbtO,
values have been associated with increased mortality and worse
neurologic outcomes, and thus may be a potential target for inter-
vention [16, Class III]. Further studies are needed, as recent data
have questioned the efficacy of PbtO,-guided management [17,18].
Continuous electroencephalography (cEEG) is being used more
frequently since a study showed that 24% of comatose TBI patients
were demonstrating seizure activity (half nonconvulsive) [19, Class
IT]. The need for early identification of seizure activity after TBI is
important, as early posttraumatic seizure activity has been associated
with poor outcome [20].

Microdialysis is a technique that places a small catheter into brain
parenchyma to measure extracellular levels of glucose, lactate, py-
ruvate, glutamate, and glycerol, which can provide information re-
garding cellular distress. Additional metabolites being explored are
nitric oxide and markers of inflammation, which may help with
prognostication [21]. In addition, microdialysis measurement of
brain glucose has provided data showing that tight systemic glucose
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control was associated with reduced cerebral glucose levels, elevated
lactate/pyruvate ratios, and increased mortality, which may be due
to energy failure [22e, Class II]. Microdialysis is not a new technique,
but it remains experimental because the value of real-time use of the
information it provides remains unclear, as do the ideal metabolites
for monitoring.

Diagnostic angiography was used in the pre-CT era to evaluate for
midline shift and the presence of intracranial mass lesions. Cur-
rently, diagnostic angiography is used to evaluate suspected trau-
matic dissection after blunt-force trauma, which has a reported
incidence of up to 20% [23]. Unexplained strokes in the TBI patient
require further investigation of intracranial and extracranial vascu-
lature. CT angiography has recently gained acceptance as a viable
noninvasive alternative [24].

MRI is an expanding modality in the area of TBI. MR spectros-
copy (MRS) is a noninvasive imaging technique that uses spec-
troscopic methods to evaluate specific areas of the brain. This
technique has been shown to reveal injury that is not obvious on
other modalities, and it provides prognostic information [25,
Class II]. Diffusion tensor imaging (DTI) and tractography can
identify traumatic axonal injury, which has been associated with
worse outcome [26].

In its simplest form, the goal of surgery in TBI is to evacuate a mass
lesion and/or provide room for the injured brain to swell in order to
preserve the vital deep structures of the brain.

Immediately after injury, surgical decompression is often used for
evacuation of intracranial mass lesions (subdural, epidural, or
intraparenchymal). Criteria regarding age, type of lesion, and asso-
ciated comorbidities are available to aid in determining surgical
candidates and appropriate therapy [27-30].

Delayed surgical decompression (mainly by means of decompressive
craniectomy) can also be performed when medical management for
elevated ICP has failed. It has been shown to improve outcome when
carried out in an appropriate patient population [9ee,31,32].

Physical/speech therapy and exercise

Physical therapy and speech/cognitive therapy play important roles
in recovery. Early rehabilitative interventions are associated with
significant recovery even in patients with severe TBI [33e].

The impact of brain injury is far-reaching, and significant cognitive
impairment may be seen for years after the injury, even in patients
with good outcomes [34]. This fact often makes it difficult for the TBI
patient to return to his or her prior occupation, resulting in signifi-



Traumatic Brain Injury A. Losiniecki, L. Shutter 151

cant economic costs to society, which have been estimated to be 62
billion dollars annually in the United States [1].

Other treatments / emerging therapies

As discussed earlier, TBI is divided into primary and secondary injury
phases. The primary injury is irreversible. Current care of the TBI
patient focuses on managing the secondary physiologic responses to
the initial injury. Research efforts have been directed at isolating and
minimizing factors that contribute to secondary injury.

Both hypotension (systolic blood pressure < 90 mm Hg [Level II,
moderate clinical certainty]) and hypoxemia (PaO, < 60 mm Hg or
Sa0, < 90% [Level III, unclear clinical certainty]) have been associated
with increased mortality and morbidity after TBI. Every effort should be
made to maintain adequate blood pressure and oxygenation [9ee].
The general hypometabolic state induced by hypothermia was
thought to provide protection from secondary injury [35, Class II].
Unfortunately, TBI usually does not occur in isolation. The systemic
effects of hypothermia can have deleterious consequences on other
aspects of critical care after trauma, and these may cancel any po-
tential neurologic benefits (Level III, unclear clinical certainty) [36].
Induced normothermia recently has been associated with improved
outcomes and may be the appropriate course of action (Level II,
moderate clinical certainty) [37].

TBI is an active area of clinical research, with both medical and
surgical interventions currently under investigation. Medical trials
currently active or under development include the use of progester-
one [38, 39], endothelin receptor antagonists [40], and cyclosporine
[41]. Randomized surgical trials currently under way are examining
the surgical timing of decompressive hemicraniectomy [42], the
utility of decompressive craniectomy for refractory elevated ICP [43],
and the evacuation of traumatic intracranial hemorrhage [44].
Genetic testing and biochemical markers may come to play impor-
tant roles in prognosis and treatment. At some time in the future,
patients with TBI who arrive in the ICU may be subject to a battery of
tests that directs an individualized course of care.

Pediatric considerations

Pediatric TBI has unique issues that make management and outcome
differ from management and outcome in adults [45, 46]. The mecha-
nism of injury in the pediatric population generally falls into one of two
groups: accidental or nonaccidental trauma. Neurologic recovery in
nonaccidental trauma is uniformly poorer than for matched accidental
trauma, even in the cases of clinically minor injuries [47]. The social
implications of nonaccidental trauma are far-reaching and the best in-
terest of the child must be considered during the course of his or her care.

Unique factors that must be addressed are potential underlying con-
genital anomalies, differing physiological factors such as blood flow and
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general hemodynamics, and the differing support systems needed for
long-term care and rehabilitation required in the pediatric patient. The
large volume ratio of brain to body, the presence of open fontanelles,
and the low circulating blood volume are also physiological differences
that must be kept in mind when caring for pediatric TBI patients.
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