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PERIOPERATIVE MANAGEMENT OF ADULT 
PATIENTS WITH SEVERE HEAD INJURY

EPIDEMIOLOGY OF HEAD INJURY

A traumatic brain injury (TBI) is defined as a blow or jolt to 
the head or a penetrating head injury that disrupts the func-
tion of the brain. TBI is one of the most serious, life-threat-
ening conditions in trauma victims. It is a leading cause of 
disability and death in children and adults. An estimated 1.5 
million people sustain TBIs every year in the United States.1 
Of these, more than 50,000 people die annually as a result of 
TBI, and another 80,000 people become impaired or disabled 
for life. TBI is a leading cause of disability in the United States, 
affecting approximately 5.3 million people. TBI-related dis-
ability has a devastating effect on the lives of the injured indi-
viduals and their families and results in a tremendous cost to 
hospital systems and society for rehabilitation and chronic 
care of these individuals.

Head injury occurs most often in adolescents, young 
adults, and people older than 75 years. In all age groups, males 
are affected two times more often than females and are more 
likely to sustain severe head injury. The leading causes of TBI 
are falls, motor vehicle crashes, and assaults.1 Blasts are a lead-
ing cause of TBI among active duty military personnel in war 
zones.1 On April 28, 2008, the 110th United States Congress 
passed a bill to provide for the expansion and improvement of 
TBI programs (Public Law 110-206), such as research fund-
ing for therapeutic interventions and development of practice 
guidelines for rehabilitation.

HEAD INJURY GUIDELINES

In 1995, recognizing the need to standardize care to improve 
outcome in head-injured patients, the Brain Trauma Foun-
dation approved guidelines for the initial resuscitation of the 
patient with severe head injury and the treatment of intracra-
nial hypertension.2 A task force was formed in 1998 to review 
and update the scientific evidence for the guidelines. These 
evidence-based guidelines for the management of severe TBI 
were published in 20003,4 and then updated in 2007 (Box 
18-1).5 This extensive review of the literature recommends 
three standards based on Class I evidence and several guide-
lines based on Class II evidence.

Results of the Corticosteroid Randomization After Signifi-
cant Head Injury (CRASH) trial, which studied the effect of 
early administration of methylprednisolone on outcome after 
head injury in 10,008 adults, were published in 2005.6 This 
was an international randomized, placebo-controlled trial 
on the effect of early administration of 48-hour infusion of 
 methylprednisolone on the risk of death and disability after 
head injury. The CRASH trial revealed a higher risk of death 

within 2 weeks of injury in the group receiving corticosteroids 
than in the group receiving placebo, as well as a higher risk of 
death or severe disability.6 The trial investigators concluded 
that “corticosteroids should not be used routinely in the treat-
ment of head injury.”6

Evidence-based guidelines for prehospital management 
of TBI7,8 and for pediatric brain injury9 have also been pub-
lished, and in March 2006, surgical management guidelines 
were published.10 However, unlike the writers of the severe 
TBI management guidelines,3,5 the writers of the surgical 
management guidelines report no controlled clinical trials 
in the literature to support different forms of surgical man-
agement or surgical versus conservative therapy. As with the 
other published guidelines for the management of severe TBI, 
they state that “this is a document in evolution,” and revisions 
will be made as new knowledge is gained.10

CLASSIFICATION OF HEAD INJURY

Classification of severe head injury is based on the Glasgow 
Coma Scale (GCS) (Table 18-1), which defines neurologic 
impairment in terms of eye opening, speech, and motor func-
tion.11,12 The total score that can be obtained is 15, and severe 
head injury is determined by a score of 8 or less persisting for 
6 hours or more. The GCS and Glasgow Outcome Scale per-
mit comparison between series of traumatically head-injured 
patients on the basis of initial clinical presentation and even-
tual outcome.13 The prognosis after head injury depends on 
the type of lesion sustained, the age of the patient, and the 
severity of the injury as defined by the GCS. In general, mor-
tality is closely related to the initial score on the GCS. For any 
given lesion and score, however, the elderly have a poorer out-
come than do younger patients.14,15

Following head trauma, the primary injury results from the 
biomechanical effect of forces applied to the skull and brain at 
the time of the insult and are manifested within milliseconds. 
Currently, there is no treatment for the primary injury. Sec-
ondary injury occurs in the minutes, hours, or days after the 
impact and represents complicating processes initiated by the 
primary injury, such as ischemia, brain swelling and edema, 
intracranial hemorrhage, intracranial hypertension, and her-
niation. The common denominator of secondary injury is 
cerebral hypoxia with ischemia (Box 18-2). Factors that aggra-
vate the initial injury include hypoxia, hypercarbia, hypoten-
sion, anemia, and hyperglycemia. These contributing factors 
to secondary injury are preventable. Seizures, infection, and 
sepsis that may occur hours to days after injury would further 
aggravate brain damage and must also be prevented or treated 
promptly.

Chapter 18

Audrée A. Bendo



318

18
 

• 
PE

RI
O

PE
RA

TI
VE

 M
A

N
A

G
EM

EN
T 

O
F 

A
D

U
LT

 P
AT

IE
N

TS
 W

IT
H

 S
EV

ER
E 

H
EA

D
 IN

JU
RY

Secondary insults complicate the course of more than 50% 
of head-injured patients.5 An outcome study using data from 
the Traumatic Coma Data Bank revealed that hypotension 
occurring after head injury is profoundly detrimental, with 
more than 70% of patients with hypotension experiencing 

 significant morbidity and mortality (Table 18-2).14 Further-
more, the combination of hypoxia and hypotension is sig-
nificantly more detrimental than that of hypotension alone; 
more than 90% of patients who had both of these experi-
enced a severe outcome or died. These findings confirm the 
importance of avoiding hypovolemic shock in head-injured 
patients. The management goal in head-injured patients is to 
initiate timely and appropriate therapy to prevent secondary 
brain injury. When the initial injury is not fatal, subsequent 
neurologic damage and systemic complications should be pre-
ventable in most patients.

Primary injury or biomechanical trauma to brain paren-
chyma consists of concussion, contusion, laceration, and 
hematoma. Not all severely head-injured patients require sur-
gery. Generalized brain injury with edema or contusion is a 
common finding, whether or not a surgically correctable mass 

BOX 18–1  Recommendations from Guidelines for the Management of Severe Traumatic Brain Injury (TBI)

Standards Based on Class I Evidence

 •  If intracranial pressure (ICP) is normal, avoid prolonged hyperventilation therapy (PaCO2 < 25 mm Hg).
 •  The use of steroids is not recommended for improving outcome or reducing ICP.
 •  Prophylactic use of anticonvulsants does not prevent late post-traumatic seizures.

Guidelines Based on Class II Evidence

 •  All regions should have an organized trauma care system.
 •  Avoid or immediately correct hypotension (systolic blood pressure <90 mm Hg) and hypoxia (SaO2 <90% or PaO2 <60 mm Hg).
 •  Indications for ICP monitoring include Glasgow Coma Scale score of 3 to 8 with abnormal computed tomography findings or two or more of 

the following adverse features: age >40 yrs, motor posturing, and systolic blood pressure <90 mm Hg.
 •  Initiate treatment for ICP at an upper threshold above 20 mm Hg.
 •  The cerebral perfusion pressure (CPP) value to target lies within the range of 50 to 70 mm Hg. Aggressive attempts to maintain CPP above 

70 mm Hg should be avoided because of the risk of acute respiratory distress syndrome.
 •  Avoid using prophylactic hyperventilation (PaCO2 ≤25 mm Hg) therapy during the first 24 hours after severe TBI.
 •  Mannitol is effective for controlling raised ICP after severe TBI, in doses ranging from 0.25 to 1 g/kg.
 •  High-dose barbiturate therapy may be considered in hemodynamically stable, salvageable patients who have severe TBI and whose intracranial 

 hypertension is refractory to maximal medical and surgical ICP-lowering therapy.
 •  Provide nutritional support (140% of resting energy expenditure in patients without respiratory paralysis and 100% of resting energy 

 expenditure in patients with it), using enteral or parenteral formulas containing at least 15% of calories as protein by day 7 after injury.

Adapted from Bullock RM, Chesnut RM, Clifton GL, et al: Guidelines for the management of severe traumatic brain injury. J Neurotrauma 2000;17: 
449-554; Robertson CS: Management of cerebral perfusion pressure after traumatic brain injury. Anesthesiology 2001;95:1513-1517; and Guidelines for 
the management of severe traumatic brain injury, 3rd ed. The Brain Trauma Foundation, American Association of Neurological Surgeons; Congress of 
Neurological Surgeons. J Neurotrauma 2007;24:S1-106.

Table 18–1 Modified Glasgow Coma Scale*

Feature Point(s)

Eye Opening

Spontaneously 4

To verbal command 3

To pain 2

None 1

Best Verbal Response

Oriented, conversing 5

Disoriented, conversing 4

Inappropriate words 3

Incomprehensible sounds 2

No verbal response 1

Best Motor Response

Obeys verbal commands 6

Localizes to pain 5

Flexion or withdrawal 4

Abnormal flexion (decorticate) 3

Extension (decerebrate) 2

No response (flaccid) 1

*Total scores: mild head injury = 13-15 points; moderate = 9-12 points; 
severe ≤8 points.

Adapted from Teasdale G, Jennett B: Assessment of coma and impaired 
consciousness: A practical scale. Lancet 1974;2:81; and Jennett B:  
Assessment of the severity of head injury. J Neurol Neurosurg 
 Psychiatry 1976;39:647.

BOX 18–2  Secondary Insults that Can Contribute to 
Hypoxic and/or Ischemic Brain Damage

Systemic

Hypoxemia
Hypotension
Anemia
Hypocarbia
Hypercarbia
Pyrexia
Hyponatremia
Hypoglycemia
Hyperglycemia

Intracranial

Hematoma
Raised intracranial pressure
Seizures
Infection
Vasospasm
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lesion is present. Diffuse cerebral swelling occurs because of 
sudden intracerebral congestion and hyperemia. Twenty-four 
hours or more after the initial insult, cerebral edema develops 
in the extracellular spaces of the white matter. Nonoperative 
treatment of diffuse cerebral swelling involves hyperventila-
tion, diuresis with mannitol and furosemide, and barbiturates 
in conjunction with intracranial pressure (ICP) monitoring.

Depressed skull fractures and acute epidural, subdural, and 
intracerebral hematomas usually require craniotomy. Chronic 
subdural hematomas are often evacuated through burr holes. 
Depressed skull fractures under lacerations should be elevated 
and debrided within 24 hours to minimize the risk of infec-
tion. Bony fragments and penetrating objects should not be 
manipulated in the emergency department (ED), because they 
may be tamponading a lacerated vessel or dural sinus.

Traumatic epidural hematoma is an infrequent compli-
cation of head injury, usually the result of a motor vehicle 
accident. The initial injury tears middle meningeal vessels or 
dural sinuses and causes unconsciousness. When a spasm and 
clot occur in the vessel(s), the bleeding stops and the patient 
recovers, experiencing a lucid interval. Over the next several 
hours, the vessel bleeds and the patient rapidly deteriorates 
(especially with arterial bleeding). In rapidly deteriorating 
conditions, treatment should not be delayed to await radio-
logic evaluation; emergency evacuation is necessary. Venous 
epidural hematomas develop more slowly, and there may be 
time for diagnostic testing.

The clinical presentation of acute subdural hematomas 
ranges from minimal deficits to unconsciousness and signs 
of a mass lesion (hemiparesis, unilateral decerebration, and 
pupillary enlargement). A lucid interval may occur. The most 
common cause of subdural hematoma is trauma, but it may 
occur spontaneously and is associated with coagulopathies, 
aneurysms, and neoplasms. It is considered acute if the patient 
becomes symptomatic within 72 hours, subacute if symptoms 
appear between 3 and 15 days, and chronic with symptoms 
after 2 weeks. Subacute or chronic subdural hematoma is usually 
observed in patients older than 50 years. There may be no his-
tory of head trauma. The clinical presentation in these patients 
may vary from focal signs of brain dysfunction to a depressed 
level of consciousness or development of an organic brain 
syndrome. Intracranial hypertension is usually associated with 
acute subdural hematoma. Intensive medical therapy to cor-
rect elevated ICP and control brain edema and swelling may 
be required before, during, and after hematoma evacuation.

In patients with intracerebral hematomas, the clinical pic-
ture may vary from minimal neurologic deficits to deep coma. 

Large, solitary intracerebral hematomas should be evacuated. 
Lesions causing delayed neurologic deterioration from fresh 
hemorrhage are also evacuated but carry a poor prognosis. 
Depending on the extent of cerebral injury, patients with 
intracerebral hematomas may require intensive medical ther-
apy to control intracranial hypertension and cerebral edema. 
Coup and contrecoup injuries usually cause cerebral contusion 
and intracerebral hemorrhage. In general, contused brain tis-
sue is not removed; occasionally, however, contused tissue 
over the frontal or temporal poles may be removed to control 
edema formation and prevent herniation.

EMERGENCY THERAPY

Perioperative management of the head-injured patient 
focuses on aggressive stabilization of the patient and avoid-
ance of systemic and intracranial insults that cause secondary 
neuronal injury (see Box 18-2). Secondary brain injury com-
plicates the course of the majority of head-injured patients, 
adversely influencing outcome. The need to improve care of 
these patients in the field and ED has been recognized with 
the development of guidelines, improvement of emergency 
response services, and better training of providers.7 The goals 
of emergency therapy in the field and ED are to prevent and 
treat all secondary insults and, ultimately, to improve out-
come in patients with TBI.

Prehospital Management
Emergency therapy should begin at the site of the  accident and 
in the ambulance. According to the Brain Trauma Foundation’s 
Guidelines for Prehospital Management of Traumatic Brain 
Injury,7 emergency medical service (EMS) providers should be 
trained to follow an established algorithm for assessment and 
treatment of TBI. The first priority is initiation of a basic resus-
citation protocol that prioritizes the ABCs (airway, breathing, 
and circulation), assessment, and treatment. The patient’s air-
way is maintained, and blood pressure is supported. The EMS 
provider performs an assessment for appropriate triage of the 
patient and all necessary therapy to stabilize the patient prior to 
transport. It is recommended that the severely injured patient 
(GCS score <9) be taken directly to a level I trauma center “with  
24 hour scanning capability, operating room, prompt neuro-
surgical care and the ability to monitor intracranial pressure and 
treat intracranial hypertension as delineated in the Guidelines 
for the Management of Severe Head Injury.”7 Optimal results 

Table 18–2 Impact of Hypoxia and Hypotension* on Outcome after Severe Head Injury 
(Defined as Glasgow Coma Scale Score ≤ 8)

Outcome (% of Patients)

Secondary Insults Number of Patients Good or Moderate Severe or Vegetative Dead

Total number of cases 699 43 21 37

Neither insult 456 51 22 27

Hypoxia (PaO2 <60 mm Hg) 78 45 22 33

Hypotension (systemic blood 
pressure <90 mm Hg)

113 26 14 60

Both 52 6 19 75

*At time of hospital arrival.
Data adapted from Moppett IK: Traumatic brain injury: Assessment, resuscitation and early management. Br J Anaesth 2007;99:18-31.
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RY for patients with intracranial hematomas require  surgical 

evacuation within 2 to 4 hours of the injury.16 Therefore, direct 
transport to a neurosurgical center is crucial for such patients.

The prehospital management guidelines published in 
20027 and 20088 are accepted as the standard for management 
by prehospital and ED clinicians. Currently, there is insuf-
ficient data to support any standard recommendations for 
prehospital assessment, treatment, transport, and destination. 
Subsequent to the initial publication of these guidelines, the 
results of several studies have questioned whether outcome is 
improved by following them.17-19 These studies support the 
direct transfer of patients with severe TBI to a level I or level 
II trauma center, but controversy remains regarding whether 
patient outcome is improved by paramedic intubations in the 
field or mode of transport.19 Randomized, controlled trials 
are currently under way in Australia and other countries to 
determine whether or not physician involvement in advanced 
interventions at the accident scene will decrease the rate of 
death and severe disability in patients with severe head injury.

Emergency Department Management
All patients with head injury require full diagnostic evaluation 
with complete history and neurologic examination. Not all 
patients require radiologic examination. Two comprehensive 
studies have resulted in the development of two slightly differ-
ent sets of rules for determining whether or not a patient with 
minor head injury must undergo computed tomography (CT) 
scanning.20,21 These are the Canadian and New Orleans CT 
scanning rules for minor head injury (Box 18-3). An unen-
hanced CT scan is the radiologic procedure of choice in acute 

TBI. A spiral CT of the head and craniocervical junction is 
useful in the patients with more severe TBI and potential high 
cervical spine injuries.

The majority of head-injured patients seen in the ED are 
classified as having mild head injuries (GCS score 13-15). 
Most of these patients recover without incident or may have 
 neuropsychological sequelae. These patients are sent home 
with a care giver and instructions only if they have had no his-
tory of loss of consciousness, no vomiting or amnesia, normal 
neurologic findings, and minimal, if any, subgaleal swelling. A 
small percentage of patients with a GCS score of 13 to 15 on 
arrival deteriorate and require neurosurgical intervention (for 
additional references, see Gopinath and colleagues16).

Implementation of ED protocols and the use of the Cana-
dian or New Orleans CT scanning rules for minor head injury 
should help identify the subgroup of patients at risk of dete-
rioration.20,21 Patients with moderate head injury (GCS score 
9-12) are able to follow simple commands in the ED, but they 
can deteriorate rapidly. These patients require emergency CT 
scanning and admission for observation with serial neurologic 
examinations, even if the initial CT scan is normal. Patients 
with severe head injury (GCS score ≤ 8) require full Advanced 
Trauma Life Support (ATLS) resuscitation and stabilization 
in the ED, CT scanning of the head and cervical spine, and, 
often, surgical management.

Emergency Therapy for Severe Traumatic 
Brain Injury
The neurologic status and concomitant injuries of patients 
with severe TBI should be assessed prior to tracheal intuba-
tion. These patients are intubated to protect the airway from 
aspiration and to ensure adequate ventilation and avoidance 
of hypoxia, hypocapnia, and hypercarbia. The incidence of 
cervical spine injuries in surviving victims of head injury is 
1% to 3% in adults and 0.5% in children.22,23 Victims of head-
first falls or high-speed motor vehicle accidents have a 10% or 
greater chance of cervical spine fractures. Radiographic evalu-
ation with a cross-table lateral view can miss 20% of cervical 
spine fractures.23 To improve the reliability of radiographic 
evaluation, anteroposterior and odontoid views, in addition 
to a lateral view, have been recommended. Reportedly, this 
combination misses only 7% of fractures.22 When a cervical 
spine fracture has not been excluded by radiographic evalu-
ation, cervical alignment with in-line stabilization is recom-
mended during emergency intubation.23-25

When facial fractures and soft tissue edema prevent direct 
visualization of the larynx, a fiberoptic intubation or intuba-
tion with an illuminated stylet or intubating laryngeal mask 
airway may be attempted. In the patient with severe facial and/
or laryngeal injuries, a cricothyrotomy may be required. Nasal 
intubations are avoided in the patient with suspected basal 
skull fracture, severe facial fractures, or bleeding diathesis. 
Basal skull fractures are strongly suspected when the patient 
has tympanic cavity hemorrhage, otorrhea, petechiae on the 
mastoid process (Battle’s sign), and petechiae around the eyes 
(panda sign). Nasal intubation of a patient with basal skull 
fractures can introduce contaminated material directly into 
the brain and so is best avoided.

For patients with facial injuries, the simplest and most 
expeditious approach to intubation is preoxygenation, fol-
lowed by rapid-sequence anesthesia induction with cricoid 
pressure and maintenance of in-line stabilization. All head-
injured patients are assumed to have a full stomach. Awake, 

BOX 18–3  Computed Tomography Scanning Rules 
for Minor Head Injury

Canadian Rules*

High risk (for neurological intervention)
•  GCS score <15 at 2h after injury
•  Suspected open or depressed skull fracture
•  Any sign of basal skull fracture
•  Vomiting ≥␣two episodes
•  Age ≥ 65 years

Medium risk (for brain injury on CT)
•  Amnesia before impact > 30 min
•  High risk mechanism of injury

New Orleans Rules†

Short-term memory deficits (persistent anterograde amnesia with 
GCS score 15)

Intoxication (drug alcohol)
Physical evidence of trauma above the clavicles
Age > 60 years
Seizure (suspected or witnessed)
Headache
Vomiting
Coagulopathy

*Stiell IG, Wells GA, Vandemheen K, et al: The Canadian CT head rule 
for patients with minor head injury, Lancet 357:1391–1396, 2001.
†Haydel MJ, Preton CA, Mills TJ, et al: Indications for computed to-
mography in patients with minor head injury, N Engl L Med 343: 
100–105, 2000.
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oral intubation without anesthetic agents may be possible in 
the severely injured patient, but it is difficult in the awake or 
uncooperative, combative patient. Depending on the patient’s 
cardiovascular status, virtually any of the intravenous anesthe-
sia induction agents can be used. The choice of muscle relax-
ants for emergency intubation in a neurosurgical patient has 
been the subject of controversial discussion for many years. 
Succinylcholine can increase ICP. However, in the setting 
of acute airway compromise, full stomach, and the need to 
perform subsequent neurologic examinations, the benefits of 
rapid onset and elimination of succinylcholine may outweigh 
the risk of transiently increasing ICP.26

After control of the airway has been achieved in the head-
injured patient, attention should focus on resuscitation of 
the cardiovascular system. Transient hypotension after head 
injury is not uncommon, but sustained hypotension usually 
results from hemorrhage secondary to other systemic inju-
ries. These injuries must be sought and aggressively treated 
with fluids, blood, and inotropic and vasopressor drugs, when 
 necessary.

When multiple trauma complicates head injury, there 
is no ideal crystalloid resuscitation fluid. A major concern 
during resuscitation is the development of cerebral edema. 
Animal investigations reveal that total serum osmolality 
is a key factor in brain edema formation.27,28 When serum 
osmolality is reduced, cerebral edema develops in normal 
and abnormal brain. This occurs because the blood-brain 
barrier is relatively impermeable to sodium. Solutions con-
taining sodium in concentrations lower than that in serum 
cause water movement into the brain, increasing brain water. 
Thus, hypo-osmolar solutions (0.45% NaCl and lactated 
Ringer’s solution) are more likely than iso-osmolar fluids 
(0.9% saline) to increase brain water content. Large-volume 
fluid resuscitation with iso-osmolar crystalloids reduces col-
loid oncotic pressure and increases peripheral tissue edema. 
However, in animal investigations, the brain behaves differ-
ently from other tissues, and profound lowering of colloid 
oncotic pressure with maintenance of serum osmolality does 
not result in edema in normal brain27 or in some head-injury 
models.28,29 These results can be explained by the unique 
structure of the blood-brain barrier and the fact that colloid 
oncotic pressure gradients generate weak forces in compari-
son with osmolar gradients.27

Some doubt has been cast on the applicability of these 
laboratory findings to clinical practice. The cryogenic injury 
model used in these experiments may not be equivalent to 
head injury in patients. In head-injured patients, the capillary 
permeability of the brain may be rendered similar to that of 
peripheral tissues when the blood-brain barrier is damaged. In 
addition, the time course of these experiments did not allow 
observation of edema developing 24 to 48 hours after initial 
resuscitation, which occurs in head-injured patients. An inves-
tigation using the percussive head injury model in rats has 
shown that reduction in colloid oncotic pressure can aggra-
vate cerebral edema under certain conditions.30 Therefore, 
it seems reasonable in clinical practice to avoid a profound 
reduction in colloid oncotic pressure. Iso-osmolar colloid 
solutions, such as 5% albumin and 6% hetastarch, have been 
recommended to maintain oncotic pressure and intravascular 
volume. However, fresh whole blood, when available, is the 
ideal colloid resuscitation fluid for hypovolemic patients with 
TBI and ongoing blood loss.

There is continuing controversy about the selection of 
resuscitation fluids in patients with TBI after the report of the 

post hoc follow-up study on the Saline versus Albumin Fluid 
Evaluation (SAFE) Study.31 This randomized, controlled trial 
compared 4% albumin with 0.9% saline for fluid management 
in critically ill trauma patients. The subset of patients with 
TBI who received albumin resuscitation had substantially 
worse outcomes than patients with TBI who received saline 
 resuscitation. The findings in this study suggest that saline 
may be preferable to albumin during the acute resuscitation 
of patients with severe TBI.

Hypertonic saline solutions (3%, 7.5%) can be very use-
ful for low-volume resuscitation in the head-injured patient 
because they lower ICP, raise blood pressure, and may 
improve regional cerebral blood flow (CBF).32,33 Hypertonic 
saline produces an osmotic diuretic effect on the brain that 
is similar to that of other hyperosmolar solutions (e.g., man-
nitol). However, a randomized controlled trial did not show a 
significant improvement in neurologic outcome when prehos-
pital resuscitation with hypertonic saline was compared with 
conventional fluid resuscitation.34 Hypertonic saline therapy 
may be more effective than other diuretics in certain clinical 
conditions, for example, in patients with refractory intracra-
nial hypertension or those who require brain debulking and 
maintenance of intravascular volume.35,36 With long-term 
use of hypertonic sodium, there is concern about the physi-
ologic implications of elevated serum sodium values, such as 
a depressed level of consciousness and seizures. More studies 
are required to determine dose-response curves and the safety 
and efficacy of these solutions.

During fluid resuscitation of the head-injured patient, 
the goals are to maintain serum osmolality, avoid profound 
reduction in colloid oncotic pressure, and restore circulat-
ing blood volume. Immediate therapy is directed at pre-
venting hypotension and maintaining cerebral perfusion 
pressure (CPP) above 60 mm Hg.5 When indicated, an ICP 
monitor is inserted to guide fluid resuscitation and prevent 
severe elevations in ICP. The current recommendation is 
to restore circulating blood volume to normovolemia with 
glucose-free isotonic crystalloids. Glucose-containing solu-
tions are avoided to enhance perioperative glycemic con-
trol. In both animal and human studies, evidence suggests 
that hyperglycemia at the time of cerebral ischemia worsens 
outcome.37,38 Substantial blood loss requires transfusion with 
crossmatched or fresh whole blood. A minimum hematocrit 
value between 30% and 33% is recommended to maximize 
oxygen transport.

Hypertension, tachycardia, and increased cardiac output 
often develop in patients with isolated head trauma, especially 
young adults. Electrocardiographic abnormalities and fatal 
arrhythmias have been reported. The hyperdynamic circula-
tory responses and electrocardiographic changes may result 
from a surge in epinephrine that accompanies head injury. 
Either labetalol or esmolol can be used to control hyperten-
sion and tachycardia in this situation.

In some patients, severe intracranial hypertension precipi-
tates reflex arterial hypertension and bradycardia (Cushing’s 
triad). A reduction in systemic blood pressure in these patients 
can further aggravate cerebral ischemia by reducing CPP. Sys-
temic blood pressure must be lowered cautiously when intra-
cranial hypertension is severe. In such cases, a reduction of 
ICP may interrupt this reflex response.

During stabilization of head-injured patients, including 
control of airway and systemic blood pressure, therapeutic 
interventions to control intracranial hypertension are insti-
tuted (Box 18-4). Management of intracranial hypertension 
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is crucial because CPP is directly related to both mean arte-
rial pressure and ICP. The following measures are instituted 
to acutely reduce intracranial hypertension:
 1.  The head is elevated 15 degrees and kept in a neutral posi-

tion to facilitate cerebral venous and cerebrospinal fluid 
drainage.

 2.  Mannitol, 0.25-1 g/kg, is administered to lower ICP acutely. 
Alternatively, hypertonic saline may be administered.39-41

 3.  After tracheal intubation, the patient is given a muscle 
relaxant and mechanically ventilated to a PaCO2 value of 
35 mm Hg. When there is evidence of transtentorial her-
niation, hyperventilation to a PaCO2 value of 30 mm Hg 
should be instituted because hyperventilation can rapidly 
and effectively reduce ICP. Hyperventilation to a PaCO2 
lower than 30 mm Hg, barbiturate therapy, and cere-
brospinal fluid drainage may be considered when other 
 measures have failed.2,3,5

 4.  Appropriate monitoring must be instituted, and hypoten-
sion must be avoided.
Mechanical hyperventilation to a PaCO2 value of 25 to 30 

mm Hg was routinely employed in head-injured patients on 
the basis of an assumption that hyperventilation, by reduc-
ing CBF, would reduce ICP, thereby preserving CPP and CBF. 
Clinical investigations suggest that head-injured patients 
are ischemic within the first 24 hours of injury.42-44 In these 
patients, hyperventilation may further diminish CBF and 
aggravate cerebral ischemia.45 Published guidelines for the 
management of severe traumatic brain injury no longer rec-
ommend hyperventilation to a PaCO2 of 25 to 30 mm Hg as 
a first-tier therapy.3,5 In fact, current guidelines recommend 
avoiding the use of prophylactic hyperventilation (PaCO2 ≤35 
mm Hg) therapy during the first 24 hours after severe TBI.3,5 
When hyperventilation is initiated for control of intracranial 
hypertension, the PaCO2 value should be maintained in the 

range of 30 to 35 mm Hg in order to accomplish ICP control 
while minimizing the associated risk of ischemia. Hyperventi-
lation to PaCO2 values less than 30 mm Hg should be consid-
ered only when second-tier therapy of refractory intracranial 
hypertension is required. Continuous measurement of jugular 
bulb oxygen saturation or CBF monitoring is recommended 
during hyperventilation to guide therapy.3,5 In emergency 
situations, hyperventilation should continue in patients in 
whom the clinical control of intracranial hypertension is the 
primary concern. However, when the clinical situation no 
longer requires it or there is evidence of cerebral ischemia, 
normocapnic ventilation should be instituted.

Mannitol is considered the standard for hyperosmolar 
therapy and is recommended as a first-tier therapy for treat-
ing increased ICP. However, a 2007 Cochrane systematic 
review found “insufficient reliable evidence to make recom-
mendations on the use of mannitol in the management of 
patients with traumatic brain injury.”46 After publication of 
this review, a meta-analysis of 18 studies was conducted to 
analyze the dose-response relationship between mannitol and 
ICP.47 This meta-analysis revealed a significant difference in 
ICP reduction between patients in whom the initial ICP was 
higher than 30 mm Hg and those in whom it was lower, but it 
did not provide specific information regarding the mannitol 
dose-response curve. There was only a weak linear relation-
ship between the change in ICP and mannitol dose. The inves-
tigators attributed this weakness to variation in protocols and 
patients within and among studies and highlighted the need 
for definitive well-designed studies to answer this important 
question.47

Anesthetic Management
A management priority for all head-injured patients is the 
rapid diagnosis with CT of an expanding mass lesion that 
requires immediate surgical evacuation. Intracranial mass 
lesions such as acute extradural hematoma, subdural hema-
toma, intracerebral hematoma, and hemorrhagic contusion 
are surgically evacuated by craniotomy as soon as possible, 
but preferably no more than 4 hours after injury. When these 
patients are brought to the operating room, there is usually 
minimal time available for preanesthetic assessment. Infor-
mation that should be obtained preoperatively is described 
in Box 18-5. Anesthetic management is a continuation of the 
initial resuscitation, including airway management, fluid and 

BOX 18–4  Treatment of Intracranial Hypertension 
in Severe Traumatic Brain Injury 
(Glasgow Coma Scale Score ≤8)

 1.  Insert intracranial pressure monitor
 2.  Maintain cerebral perfusion pressure between 50 and 70 mm Hg

First-Tier Therapy
 •  Ventricular drainage (if available)
 •  Mannitol 0.25-1 g/kg IV (may repeat if serum osmolarity < 320 

mOsm/L and patient is euvolemic)
 •  Hyperventilation to achieve PaCO2 value of 30-35 mm Hg

Second Tier-Therapy
 •  Hyperventilation to PaCO2 < 30 mm Hg (SjO2, AVDO2 and/or 

CBF monitoring is recommended)
 •  High-dose barbiturate therapy
 •  Consider hypothermia
 •  Consider hypertensive therapy
 •  Consider decompressive craniectomy

Adapted from Bullock R, Chesnut R, Clifton G, et al: Guidelines for 
the management of severe head injury. The Brain Trauma Foundation, 
American Association of Neurological Surgeons, Joint Section on Neu-
rotrauma and Critical Care. J Neurotrauma 1996;13:641-734; Bullock 
RM, Chesnut RM, Clifton GL, et al: Guidelines for the management 
of severe traumatic brain injury. J Neurotrauma 2000;17:449-554; and 
Guidelines for the management of severe traumatic brain injury, 3rd 
ed. The Brain Trauma Foundation, American Association of Neuro-
logical Surgeons; Congress of Neurological Surgeons. J Neurotrauma 
2007;24:S1-S106.

BOX 18–5  Preanesthesia Assessment of 
the Head-Injured Patient

Airway (cervical spine)
Breathing: ventilation and oxygenation
Circulatory status
Associated injuries
Neurologic status (Glasgow Coma Scale)
Preexisting chronic illness
Circumstances of the injury:
 •  Time of injury
 •  Duration of unconsciousness
 •  Associated alcohol or drug use

Data from Bendo AA, Kass IS, Hartung J, Cottrell JE: Anesthesia for 
neurosurgery. In Barash PG, Cullen BF, Stoelting RK (eds): Clinical 
Anesthesia, 5th ed. Philadelphia, Lippincott Williams & Wilkins, 2006, 
pp. 746-789.
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electrolyte balance, and ICP control. The routine monitors 
used for major neurosurgical procedures are applied.

Major goals of anesthetic management are to improve 
cerebral perfusion and oxygenation, to avoid secondary dam-
age, and to provide adequate surgical conditions. CPP (which 
is equal to mean arterial pressure [MAP] minus ICP) should 
be maintained between 60 and 110 mm Hg, especially prior 
to surgical opening of the dura. If ICP rises to a greater extent 
than mean arterial pressure, CPP is reduced, and the brain 
becomes ischemic. Uncontrolled increases in ICP can result 
in herniation and death. Therefore, drugs and techniques that 
raise ICP are avoided in these patients.

The choice of anesthetic agents depends on the condition 
of the patient. In the hemodynamically stable patient with 
severe intracranial hypertension, narcotics in conjunction 
with a thiopental infusion (2 to 3 mg/kg/hr) and a nonde-
polarizing muscle relaxant can be administered with oxygen 
and air. In patients with less severe intracranial hypertension, 
anesthesia can be maintained with various combinations of 
benzodiazepines, narcotics, and a sub–minimum alveolar 
concentration (sub-MAC) concentration of a potent inhala-
tion agent. Anesthetic management is directed at avoidance 
of secondary brain injury. Intraoperative hypotension sec-
ondary to blood loss or precipitated by anesthetic drugs must 
be avoided with appropriate volume expansion. Because the 
brain’s response to injury in the first 24 hours is more often 
hypoperfusion, aggressive hyperventilation and drugs that can 
exacerbate cerebral ischemia also should be avoided. Propofol 
may reduce cerebral blood flow more than cerebral metabo-
lism and thereby can produce ischemia under certain condi-
tions, especially during hyperventilation.48,49 Throughout 
intraoperative management, the anesthesiologist enhances 
cerebral homeostasis by maintaining oxygen delivery (hema-
tocrit 30%-35% and normal cardiac output), serum glucose 
level (80-150 mg/dL3 is recommended), and normal electro-
lyte balance and by implementing temperature management.

Intraoperative brain swelling or herniation from the opera-
tive site may complicate hematoma decompression. Such 
causes as improper patient positioning, contralateral intracer-
ebral hematoma, venous drainage obstruction from packing, 
and acute hydrocephalus from intraventricular hemorrhage 
must be eliminated. In this setting, the adequacy of hyper-
ventilation must also be verified. A large alveolar-arterial CO2 
gradient may exist, so that end-tidal CO2 may not reflect arte-
rial CO2. The respiratory system and equipment should be 
reviewed to ensure normal peak inspiratory and expiratory 
pressures. Hemopneumothorax, high intra-abdominal pres-
sures, a kinked endotracheal or expiratory tube, or a stuck expi-
ratory valve can produce marked peak inspiratory or expiratory 
pressures as well as hypoxemia and hypercarbia. Fluid and 
electrolyte balance must be reevaluated in patients with cere-
bral swelling. Mannitol loses its effect after 1 to 3 hours, so a 
second mannitol bolus to increase osmolarity may be necessary. 
Volume overload and hyponatremia may also cause cerebral 
swelling and must be corrected. If cerebral swelling persists, the 
anesthetic should be converted to opioid and thiopental infu-
sions with oxygen and air. Thiopental may be given in a series of 
boluses over 5 to 10 minutes to a total dose of 5-25 mg/kg, fol-
lowed by an infusion of 4 to 10 mg/kg/hr. To avoid barbiturate-
induced myocardial depression and hypotension, it may be 
necessary to increase preload and add a vasopressor or inotrope 
such as phenylephrine or dopamine. Malignant brain swelling 
may require removal of brain tissue and temporary scalp clo-
sure with a loose dural patch to minimize ICP after closure.

Emergence of a patient with TBI from anesthesia usu-
ally involves transporting an intubated, ventilated, and 
 anesthetized patient to the critical care unit. Even in an 
uncomplicated craniotomy for evacuation of hematoma, a 
period of postoperative ventilation is recommended because 
brain swelling is maximal 12 to 72 hours after injury. Hyper-
tension and coughing or bucking of the patient on the endo-
tracheal tube should be avoided because either can lead to 
significant intracranial bleeding. Labetalol or esmolol can be 
used to treat hypertension, and supplemental barbiturates are 
given to sedate the patient.

Cerebral Protection
Reducing the cerebral metabolic rate for oxygen (CMRO2) is 
the mainstay of pharmacologic brain protection, and barbi-
turate administration is the only such intervention that has 
proved useful in humans. However, level II evidence does not 
support the use of prophylactic barbiturate administration 
to achieve electroencephalographic burst suppression. High-
dose barbiturate administration is recommended to control 
elevated ICP refractory to maximum medical and surgical 
treatment but should be administered only in hemodynami-
cally stable patients.

When ischemia reduces supply, hypothermia remains the 
sine qua non for reducing oxygen demand. A reduction of body 
temperature to 33° to 35° C may confer cerebral protection. 
Although results of clinical trials of moderate hypothermia after 
head injury have been encouraging, none has shown statisti-
cally significant improvement in outcome.50 The multi-insti-
tutional study of postoperative mild hypothermia in patients 
with head injury was terminated by its safety monitoring board 
after 392 patients were enrolled.51 The results showed no dif-
ference in mortality between hypothermic and normothermic 
treatments, and hypothermic patients experienced more medi-
cal complications. Subgroup analysis revealed that younger 
patients (≤45 years) who were hypothermic on admission 
and assigned to the hypothermic group tended to have better 
outcomes than those assigned to the normothermic group. A 
new study looking at this group with an earlier induction of 
hypothermia and more consistent critical care was initiated; 
however, patient enrollment was recently stopped.52

It remains unclear whether there is a therapeutic window 
of opportunity for inducing protective post injury hypother-
mia. When induction of hypothermia is elected, meticulous 
care is necessary to avoid adverse side effects such as hypo-
tension, cardiac arrhythmias, coagulopathies, and infections. 
Rewarming should be carried out slowly.53 In this population, 
there is no doubt that hyperthermia is strongly associated with 
poor outcome.53

Decompressive Craniectomy
Decompressive craniectomy is an advanced treatment option 
for ICP control in patients with diffuse brain swelling refrac-
tory to maximal medical management. It decreases ICP by 
reducing volume constraints on the cranial contents. A wide 
bilateral frontotemporal craniectomy, duratomy, and dura-
plasty may be performed. Although decompressive craniec-
tomy decreases ICP, it may not improve neurologic outcome. 
Therefore, its use is controversial. There are two ongoing 
randomized, controlled clinical trials—the Randomised Eval-
uation of Surgery with Craniectomy for Uncontrollable Eleva-
tion of Intra-Cranial Pressure (RESCUEicp study) in Europe 
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Patients With Severe Traumatic Brain Injury in Australia—to 
determine whether decompressive craniectomy is more effec-
tive in improving outcome than maximal medical therapy in 
adults.54

Systemic Sequelae
The systemic effects of head injury are diverse and can compli-
cate management. They include cardiopulmonary problems 
(airway obstruction, hypoxemia, shock, acute respiratory 
distress syndrome, neurogenic pulmonary edema, electrocar-
diographic changes), hematologic problems (disseminated 
intravascular coagulation), endocrine problems (pituitary 
dysfunction, e.g., diabetes insipidus, syndrome of inappro-
priate antidiuretic hormone secretion), metabolic problems 
(nonketotic hyperosmolar hyperglycemic coma), and gastro-
intestinal problems (stress ulcers, hemorrhage).

Aspiration pneumonia, fluid overload, and trauma-related 
acute respiratory distress syndrome are common causes of 
pulmonary dysfunction in head-injured patients. A fulmi-
nant pulmonary edema may also occur. Neurogenic pulmo-
nary edema is characterized by marked pulmonary vascular 
congestion, intra-alveolar hemorrhage, and a  protein-rich 
edema fluid. Specific features of this syndrome are its rapid 
onset, its relationship to hypothalamic lesions, and the abil-
ity to prevent or attenuate it by α-blockers and central ner-
vous system depressants. Neurogenic pulmonary edema is 
thought to result from massive sympathetic discharge from 
injured brain secondary to intracranial hypertension. Tra-
ditional therapy for pulmonary edema of cardiac origin is 
ineffective, and the outcome is often fatal. Therapy consists 
of immediate pharmacologic or surgical relief of intracranial 
hypertension, supportive respiratory care, and careful fluid 
management.

In head-injured patients, several clotting abnormalities 
may be present. Disseminated intravascular coagulation has 
been reported after mild and severe brain trauma and anoxic 
brain damage, and it presumably develops after release of 
brain tissue thromboplastin into the systemic circulation. 
Treatment of the underlying disease process usually results in 
spontaneous recovery of the coagulation defects. Occasion-
ally, administration of cryoprecipitate, fresh frozen plasma, 
platelet concentrates, and blood may be required.

Anterior pituitary insufficiency after head injury is a rare 
occurrence. However, patients exhibiting post-traumatic 
diabetes insipidus may have a delayed impairment of ante-
rior pituitary hormones, requiring replacement therapy. 
Posterior pituitary dysfunction occurs more frequently after 
head trauma. Diabetes insipidus may occur after craniofa-
cial trauma and basal skull fracture. Its clinical presentation 
involves polyuria, polydipsia, hypernatremia, high serum 
osmolality, and dilute urine. Commonly, post-traumatic 
diabetes insipidus is transient, and treatment is based on 
water replacement. If the patient cannot maintain fluid bal-
ance, exogenous vasopressin may be administered. The syn-
drome of inappropriate antidiuretic hormone secretion is 
associated with hyponatremia, serum and extracellular fluid 
hypo- osmolality, renal excretion of sodium, urine osmolality 
greater than serum osmolality, and normal renal and adrenal 
function. The patient has symptoms and signs of water intoxi-
cation (anorexia, nausea, vomiting, irritability, personality 
changes, and neurologic abnormalities). This syndrome usu-
ally begins 3 to 15 days after trauma, lasting no more than  

10 to 15 days with  appropriate therapy. Treatment includes 
water restriction with or without hypertonic saline.

Many factors in neurosurgical patients predispose to non-
ketotic hyperosmolar hyperglycemic coma, such as steroids, 
prolonged mannitol therapy, hyperosmolar tube feedings, 
phenytoin, and limited water replacement. Diagnostic  criteria 
for nonketotic hyperosmolar hyperglycemic coma are hyper-
glycemia, glucosuria, absence of ketosis, plasma osmolality 
greater than 330 mOsm/kg, dehydration, and central ner-
vous system dysfunction. Hypovolemia and hypertonicity 
are the immediate threats to life. Serum sodium levels may 
be high, normal, or low, depending on the state of hydration. 
The serum potassium level is low. Serial laboratory tests are 
essential. Once sodium deficits are replaced and blood pres-
sure and urine output are stable, water deficits are replaced 
with 0.45% saline. Hyperglycemia usually responds to rela-
tively small doses of insulin. Intermittent furosemide therapy 
may be given for prophylaxis of cerebral edema in a patient 
who is elderly, has type 2 diabetes, or has compromised renal 
 function.

CRITICAL CARE

In the critical care unit, the main objectives are to improve 
recovery from primary brain injury by preventing secondary 
injury and maintaining cerebral homeostasis. This requires 
provision of optimal systemic support for cerebral energy 
metabolism and adequate CPP, and normalizing of ICP for 
the injured brain. Prompt recognition and treatment of sys-
temic complications that contribute to secondary injury are 
essential to management of the head-injured patient.55 To 
achieve them, multimodality systemic and cerebral monitor-
ing should be instituted. Monitoring of ICP, CPP, and CBF 
(or transcranial Doppler ultrasonography or laser Doppler 
flowmetry) should be standard practice. Monitors of cerebral 
oxygenation, such as jugular bulb oximetry and brain tissue 
PO2, and brain metabolism can provide more specific infor-
mation for managing cerebral hypoxia and ischemia.56 There 
is controversy concerning the best management protocol for 
improving outcome in patients with TBI.5,56 A management 
protocol that uses individualized assessment and a multi-
targeted approach to provide therapy and reduce the risk of 
iatrogenic injuries is gaining acceptance.

SUMMARY

Guidelines for the management of patients with severe trau-
matic brain injury were published by the Brain Trauma Foun-
dation in 1996.2 Revisions to the guidelines were published in 
2000 in a document that discusses various management pro-
tocols and treatments in light of supporting evidence.3 Man-
agement updates are being published on the Worldwide Web 
as new information is made available and the guidelines are 
revised.5 Publication of these recommendations, guidelines, 
and standards by the Brain Trauma Foundation reflects an 
ongoing effort to improve outcome in this high-risk popula-
tion through evidence-based management and standardized 
care.

However, several management recommendations are 
based only on level II or III evidence, and not all recom-
mendations, when implemented, have improved outcome. 
Therefore, to address these unresolved clinical concerns, 
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large multicenter randomized trials are under way or being 
planned. There is no doubt that the growing awareness of 
perioperative risk and prevention of secondary injury in this 
population from the time of injury through critical care has 
the potential to improve outcome. The challenge is to reduce 
both mortality and disability in this vulnerable patient 
 population.

REFERENCES

  1.  The Brain Trauma Foundation. Facts about TBI in the USA. 2007. 
Available at http://www.braintrauma.org/site/TBI_Facts.

  2.  Bullock R, Chesnut R, Clifton G, et al: Guidelines for the management of 
severe traumatic brain injury. The Brain Trauma Foundation, American 
Association of Neurological Surgeons, Joint Section on Neurotrauma 
and Critical Care, J Neurotrauma 13:641–734, 1996.

  3.  Bullock RM, Chesnut RM, Clifton GL, et al: Guidelines for the manage-
ment of severe traumatic brain injury, J Neurotrauma 17:449–554, 2000.

  4.  Robertson CS: Management of cerebral perfusion pressure after trau-
matic brain injury, Anesthesiology 95:1513–1517, 2001.

  5.  Guidelines for the management of severe traumatic brain injury, 3rd ed. 
The Brain Trauma Foundation, American Association of  Neurological 
Surgeons; Congress of Neurological Surgeons, J Neurotrauma 24:
S1–S106, 2007.

  6.  Edwards P, Arango M, Balica L, et al: Crash Trial Collaborators: Final 
results of MRC CRASH, a randomized placebo controlled trial of 
intravenous corticosteroid in adults with head injury—outcomes at  
6 months, Lancet 365:1957–1959, 2005.

  7.  Gabriel EJ, Ghajar J, Jagoda A, et al: Brain Trauma Foundation: Guide-
lines for prehospital management of traumatic brain injury, J Neu-
rotrauma 19:111–174, 2002.

  8.  Badjatia N, Carney N, Crocco TJ, et al: Brain Trauma Foundation; 
BTF Center for Guidelines Management: Guidelines for prehospital 
manage ment of traumatic brain injury, ed 2, Prehospital Emerg Care 12: 
S1–S52, 2008.

  9.  Adelson PD, Bratton SL, Carney NA, et al; American Association for 
Surgery of Trauma; Child Neurology Society; International Society for 
Pediatric Neurosurgery; International Trauma Anesthesia and Critical 
Care Society; Society of Critical Care Medicine; World Federation of 
Pediatric Intensive and Critical Care Societies: Guidelines for the acute 
medical management of severe traumatic brain injury in infants, chil-
dren, and adolescents. Pediatr Crit Care Med 4(Supp):S1–S75, 2003.

 10.  Bullock MR, Chesnut R, Ghajar J, et al: The Brain Trauma Foundation 
and the Congress of Neurological Surgeons: Guidelines for the surgi-
cal management of traumatic brain injury, Neurosurgery Supplement 
58:S2-1,S2-62, 2006.

 11.  Teasdale G, Jennett B: Assessment of coma and impaired consciousness: 
A practical scale, Lancet 2(7872):81, 1974.

 12.  Jennett B: Assessment of the severity of head injury, J Neurol Neurosurg 
Psychiatry 39:647, 1976.

 13.  Jennett B, Bond MR: Assessment of outcome after severe brain damage, 
Lancet 1(7905):480, 1975.

 14.  Chesnut RM, Marshall LF, Klauber MR, et al: The role of secondary 
brain injury in determining outcome from severe head injury, J Trauma 
34:216–222, 1993.

 15.  Moppett IK: Traumatic brain injury: Assessment, resuscitation and 
early management, Br J Anaesth 99:18–31, 2007.

 16.  Gopinath SP, Robertson CS: Management of Severe Head Injury. 
In Cottrell JE, Smith DS, editors: Anesthesia and Neurosurgery, ed 4, 
St. Louis, MO, 2001, Mosby, pp 663–691.

 17.  Härtl R, Gerber LM, Iacono L, et al: Direct transport within an orga-
nized state trauma system reduces mortality in patients with severe trau-
matic brain injury, J Trauma 60:1250–1256, 2006.

 18.  Bernard SA: Paramedic intubation of patients with severe head injury: A 
review of current Australian practice and recommendations for change, 
Emerg Med Australas 18:221–228, 2006.

 19.  Davis DP, Fakhry SM, Wang HE, et al: Paramedic rapid sequence intu-
bation for severe traumatic brain injury: Perspectives from an expert 
panel, Prehosp Emerg Care 11:1–8, 2007.

 20.  Stiell IG, Wells GA, Vandemheen K, et al: The Canadian CT head rule 
for patients with minor head injury, Lancet 357:1391–1396, 2001.

 21.  Haydel MJ, Preton CA, Mills TJ, et al: Indications for computed tomog-
raphy in patients with minor head injury, N Engl J Med 343:100–105, 
2000.

 22.  Hastings RH: Marks JD:. Airway management for trauma patients with 
potential cervical spine injuries, Anesth Analg 73:471–482, 1991.

 23.  Crosby ET: Airway management in adults after cervical spine trauma, 
Anesthesiology 104:1293–1318, 2006.

 24.  Hoffman JR, Mower WR, Wolfson AB, et al: Validity of a set of clinical 
criteria to rule out injury to the cervical spine in patients with blunt 
trauma, N Engl J Med 343:94, 2000.

 25.  Lennarson PJ, Smith D, Todd MM, et al: Segmental cervical spinal motion 
during orotracheal intubation of the intact and injured spine with and 
without external stabilization, J Neurosurg 92(Spine 2):201–206, 2000.

 26.  Bendo AA, Kass IS, Hartung J, Cottrell JE: Anesthesia for neurosurgery. 
In Barash PG, Cullen BF, Stoelting RK, editors: Clinical Anesthesia, ed 5, 
Philadelphia, 2006, Lippincott Williams & Wilkins, pp 746–789.

 27.  Zornow MH, Todd MM, Moore SS: The acute cerebral effects of 
changes in plasma osmolality and oncotic pressure, Anesthesiology 
67:936, 1987.

 28.  Kaieda R, Todd MM, Cook LN, et al: Acute effects of changing plasma 
osmolality and colloid oncotic pressure on the formation of brain 
edema after cryogenic injury, Neurosurgery 24:671, 1989.

 29.  Kaieda R, Todd MM, Warner DS: Prolonged reduction in colloid 
oncotic pressure does not increase brain edema following cryogenic 
injury in rabbits, Anesthesiology 72:554, 1989.

 30.  Drummond JC, Patel PM, Cole DJ, et al: The effect of the reduction of 
colloid oncotic pressure, with and without reduction of osmolality, on 
post-traumatic cerebral edema, Anesthesiology 88:993, 1998.

 31.  SAFE Study Investigators; Australian and New Zealand Intensive Care 
Society Clinical Trials Group; Australian Red Cross Blood Service; 
George Institute for International Health; Myburgh J, Cooper DJ,  
Finfer S, et al: Saline or albumin for fluid resuscitation in patients with 
hypotension and severe traumatic brain injury, N Engl J Med; 357:
874–884, 2007.

 32.  Vassar MJ, Fischer RP, O’Brien RE, et al: A multicenter trial for resus-
citation of injured patients with 7.5% sodium chloride, Arch Surg 
128:1003, 1993.

 33.  Prough DS, Whitley JM, Taylor CL, et al: Regional cerebral blood flow 
following resuscitation from hemorrhagic shock with hypertonic saline, 
Anesthesiology 75:319, 1991.

 34.  Cooper DJ, Myles PS, McDermott FT, et al: Prehospital hypertonic 
saline resuscitation of patients with hypotension and severe traumatic 
brain injury, JAMA 291:1350–1357, 2004.

 35.  Qureshi AI, Suarez JI: Use of hypertonic saline solutions in treatment of 
cerebral edema and intracranial hypertension, Crit Care Med 28:3301, 
2000.

 36.  Vialet R, Albanese J, Thomachot L, et al: Isovolume hypertonic solutes 
(sodium chloride or mannitol) in the treatment of refractory posttrau-
matic intracranial hypertension: 2 ml/kg 7% saline is more effective 
than 2 ml/kg 20% mannitol, Crit Care Med 31:1683, 2003.

 37.  Wass CT, Lanier WL: Glucose modulation of ischemic brain injury: 
Review and clinical recommendations, Mayo Clin Proc 71:801–812, 
1996.

 38.  Bilotta F, Giovannini F, Caramia R, Rosa G: Glycemia management in 
neurocritical care patients: A review, J Neurosurg Anesthesiol 20:2–9, 
2009.

 39.  White H, Cook D, Venkatesh B: The use of hypertonic saline for treat-
ing intracranial hypertension after traumatic brain injury, Anesth Analg 
102:1836, 2006.

 40.  Rozet I, Tontisirin N, Muangman S, et al: Effect of equiosmolar solu-
tions of mannitol versus hypertonic saline on intraoperative brain relax-
ation and electrolyte balance, Anesthesiology 107:697, 2007.

 41.  McDonough DL, Warner DS: Hypertonic saline for craniotomy? Anes-
thesiology 107:689, 2007.

 42.  Orbits WD, Linguist TW, Jaggy JL, et al: Cerebral blood flow and 
metabolism in comatose patients with acute head injury: Relationship 
to intracranial hypertension, J Neurosurg 61:241, 1984.

 43.  Mislead JP, Marabou A, Ward JD, et al: Adverse effects of prolonged 
hyperventilation in patients with severe head injury: A randomized 
clinical trial, J Neurosurg 75:731, 1991.

 44.  Martin NA, Patwardhan RV, Alexander MJ, et al: Characterization of 
cerebral hemodynamic phases following severe head trauma: Hypoper-
fusion, hyperemia, and vasospasm, J Neurosurg 87:9, 1997.

 45.  Stringer WA, Hasso AN, Thompson JR, et al: Hyperventilation-induced 
cerebral ischemia in patients with acute brain lesions: Demonstration by 
xenon-enhanced CT, AJNR Am J Neuroradiol 14:475, 1993.

 46.  Wakai A, Roberts I, Schierhout G: Mannitol for acute traumatic brain 
injury, Cochrane Database Syst Rev (1):CD001049, 2007.

 47.  Sorani MD, Manley GT: Dose-response relationship of mannitol 
and intracranial pressure: A meta-analysis, J Neurosurg 108:80–87, 
2008.

http://www.braintrauma.org/site/PageServer%3Fpagename%3DTBI_Facts


326

18
 

• 
PE

RI
O

PE
RA

TI
VE

 M
A

N
A

G
EM

EN
T 

O
F 

A
D

U
LT

 P
AT

IE
N

TS
 W

IT
H

 S
EV

ER
E 

H
EA

D
 IN

JU
RY  48.  Cenic A, Craen RA, Lee TY, Gelb AW: Cerebral blood volume and blood 

flow responses to hyperventilation in brain tumors during isoflurane or 
propofol anesthesia, Anesth Analg 94:661–666, 2002.

 49.  Adembri C, Venturi L, Pellegrini-Giampietro DE: Neuroprotective 
effects of propofol in acute cerebral injury, CNS Drug Rev 13:333–351, 
2007.

 50.  Peterson K, Carson S, Carney N: Hypothermia treatment for traumatic 
brain injury: A systematic review and meta-analysis, J Neurotrauma 
25:62, 2008.

 51.  Clifton GL, Miller ER, Choi SC, et al: Lack of effect of induction of 
hypothermia after acute brain injury, N Engl J Med 344:556, 2001.

 52.  Clifton GL, Drever P,  Valadka A, et al: Multicenter trial of early hypo-
thermia in severe brain injury, J Neurotrauma  26(3):393-397, 2009.

 53.  Polderman KH: Induced hypothermia and fever control for prevention 
and treatment of neurologic injuries, Lancet 371:1955, 2008.

 54.  Toussaint CP, Origitano TC: Decompressive craniectomy review of 
indication, outcome, and implication, Neurosurg Quart 18:45, 2008.

 55.  Mazzeo AT, Kunene NK, Choi S, et al: Quantification of ischemic events 
after severe traumatic brain injury in humans: A simple scoring system, 
J Neurosurg Anesthesiol 18:170, 2006.

 56.  Huang S-J, Hong W-C, Han Y-Y, et al: Clinical outcome of severe head 
injury in different protocol-driven therapies, J Clin Neurosci 14:449, 2007.


	Chapter 18PERIOPERATIVE MANAGEMENT OF ADULT PATIENTS WITH SEVERE HEAD INJURY
	EPIDEMIOLOGY OF HEAD INJURY
	HEAD INJURY GUIDELINES
	CLASSIFICATION OF HEAD INJURY
	EMERGENCY THERAPY
	Prehospital Management
	Emergency Department Management
	Emergency Therapy for Severe Traumatic Brain Injury
	Anesthetic Management
	Cerebral Protection
	Decompressive Craniectomy
	Systemic Sequelae

	CRITICAL CARE
	SUMMARY
	REFERENCES


