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Ke y Points
1 Airway management is tailored to the type of injury, the
nature and degree of airway compromise, and the patient’s
hemodynamic and oxygenation status.
2 Fast computed tomography technology with the capability of
sagittal image reconstruction is replacing conventional multiple
view plain radiographic evaluation of cervical spine injury. Further,
magnetic resonance imaging is replacing flexion/extension plain
radiographic evaluation of the relatively infrequent ligamentous
injuries of the cervical spine.
3 Penetrating neck injuries usually present with obvious clinical
manifestations, whereas blunt cervical trauma may be more
subtle.
4 Morbidity and mortality of flail chest is primarily related to
underlying pulmonary contusion that develops over a period
of a few hours after injury. A liberal indication for tracheal
intubation of these patients may be associated with increased
morbidity and mortality.
5 Head injury and hemorrhagic shock are the most common
causes of traumatic death.
6 Lethal triad or bloody vicious cycle refers to the development of
acidosis, hypothermia, and coagulopathy, which, if untreated,
may lead to death.
7 Approximately 10% of patients with hemorrhagic shock may
have severe coagulopathy at the time of admission and the
early operative phase, requiring hemostatic resuscitation with
plasma, platelets, and coagulation factors.
8 The most important therapeutic maneuvers in head injured
patients are normalization of intracranial pressure, cerebral
perfusion pressure, and oxygen delivery.
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9 Brain ischemia is the most threatening consequence of head
injury. By causing cerebral vasoconstriction, hyperventilation
further aggravates ischemia.
10 The term blunt cardiac injury has replaced myocardial
contusion and encompasses varying degrees of myocardial
damage, coronary artery injury, and rupture of the cardiac free
wall, the septum, or a valve.
11 Transesophageal echocardiography is very useful in the trauma
setting, providing information about right and left ventricular
volume, ejection fraction, wall motion abnormalities, pulmonary hypertension, cardiac output, acute ischemia, blunt cardiac injury, cardiac septal or valvular damage, coronary artery
injury, pericardial tamponade, and aortic injury.
12 In the trauma patient persistent hypotension is usually a result
of bleeding, tension pneumothorax, neurogenic shock, and/
or cardiac injury such as pericardial tamponade or myocardial
contusion.
13 Inspired by military experience, many studies of civilian trauma
have demonstrated the beneit of hemostatic resuscitation
involving high ratios of fresh frozen plasma or platelets to
packed red blood cell transfusion. However, many of these
studies have been found to have survivor bias, necessitating
further work in this area.
14 Monitoring of blood coagulation status with thromboelastography is useful in bleeding patients receiving massive
transfusion.
15 Prothrombin complex concentrates containing factors II, VII,
IX, and X are available in the United States and are used primarily
to reverse the effects of warfarin in acute trauma patients.
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Mult imedia
1 Management of the Major Trauma Patient

3 Pneumothorax

Injury is responsible for 9% of the total annual mortality (5 milcrucial to survival. The ABCs of airway patency, breathing, and
lion people) in the world.1 Trafic accidents alone killed 3,500 peocirculation are assessed. Then a brief neurologic examination is
performed, and the patient is examined for any external injuries
ple every day in 2009; almost half of the victims were pedestrians,
that might have been overlooked.
cyclists, and motorcyclists.2 Violence, encompassing homicides,
The secondary survey involves a more elaborate systematic examsuicides, and war-related injuries, is also estimated to kill about 1.5
ination of the entire body to identify additional injuries. Radiomillion people every year in the world of whom the vast majority
graphic and other diagnostic procedures may also be performed if
reside in low- and middle-income countries.3
the stability of the patient permits. Within this general framework
In the United States, according to data from the National Safety
the anesthesiologist, aside from managing the airway, contributes
Council intentional injuries (suicide, homicide, and assault) claimed
as part of the team for evaluation and resuscitation, while gather55,000 lives in 2008, while in 2010, unintentional (motor vehicle,
ing information needed for possible future anesthetic management.
falls, drowning, poisoning, etc.) mortality claimed 126,000 lives.
Injuries may be missed during initial evaluation and even durTrauma, with an estimated 181,000 deaths per year, was the third
ing emergency surgery, resulting in signiicant pain, complicaleading cause of death after heart disease and cancer. Unintentional
tions, residual disability, delay of treatment, or death.8 Reported
injuries were the ifth, suicides the tenth, and assault the ifteenth
leading causes of death overall. For the age range between 15 and
missed diagnoses include cervical spine, thoracoabdominal, pel31, accidents, suicide, and homicide were the three leading causes
vic, nerve, and external soft tissue injuries, and extremity fractures.
of death. Morbidity caused by injuries is far in excess of mortality;
Some of these injuries may present during administration of anesin 2010, a total of 37.9 million emergency room visits were related
thesia, such as spinal cord damage in a patient with unrecognized
to unintentional injuries. The estimated cost of unintentional injucervical spine injury, massive intraoperative bleeding from an
ries alone that year was $731 billion, including the costs of fatal and
unrecognized thoracoabdominal injury during extremity surgery,
nonfatal injuries, employer costs, vehicle damage, and ire losses.4
or sudden intraoperative hypoxemia in a patient with unrecognized pneumothorax.
Approximately 75% of the hospital deaths from high-energy
A tertiary survey within the irst 24 hours after admission (which
trauma such as motor vehicle accidents, falls, and gunshot or stab
may include a period of anesthesia) can potentially diagnose the
wounds occur within 48 hours after admission, most commonly
majority of clinically signiicant injuries missed during initial evalfrom central nervous system (CNS), thoracic, abdominal, retrouation by repeating the primary and secondary examinations and
peritoneal, or vascular injuries.5 CNS injury and hemorrhage are
reviewing the results of radiologic and laboratory testing.8
the most common causes of early trauma mortality.6 Nearly onethird of these patients die within the irst 4 hours after admission,
representing the majority of operating room (OR) trauma deaths.
Of the hospital deaths, 5% to 10% occur between the third and
airway evaluation and intervention
seventh day of admission, usually from CNS injuries, and the rest
in subsequent weeks, most commonly as a result of multiorgan 2 Airway evaluation involves the diagnosis of any trauma to the
failure.5 Pulmonary thromboembolism and infectious complicaairway or surrounding tissues, recognition and anticipation of
tions may also contribute to mortality during this phase.5 Interthe respiratory consequences of these injuries, and prediction of
estingly, injuries caused by low energy impacts, mainly from
the potential for exacerbation of these or other injuries by any
falls usually in the elderly, also produce signiicant mortality
contemplated airway management maneuvers (see Chapter 27).
from head injury and complications of skeletal injuries. Of these
Although nontraumatic causes of airway dificulty, such as predeaths, 20% occur within 48 hours, 32% after 3 to 7 days, and
existing factors may be present, only the management of trauma48% after 7 days. Pre-existing conditions such as congestive heart
related problems is discussed in this section. Generally, the Amerifailure, cirrhosis, warfarin, and/or β-blocker usage increase the
can Society of Anesthesiologists’s (ASA) dificult airway algorithm
7
mortality rate in trauma patients.
can be applied with certain modiications to various trauma airway management scenarios. For instance, cancellation of airway
management when dificulty arises may not be an option. LikeINITIAL EVALUATION AND
wise awake rather than asleep intubation or a surgical airway from
the outset may be the preferred technique in some situations. The
RESUSCITATION
ASA’s dificult airway algorithm as modiied for various trauma
1 conditions is available.9 Airway management is tailored to the type
The strategy of initial management can be deined as a continuof injury, the nature and degree of airway compromise, and the
ous, priority-driven process of patient assessment, resuscitapatient’s hemodynamic and oxygenation status.
1 tion, and reassessment. The general approach to evaluation of
the acute trauma victim has three sequential components: rapid
airway obstruction
overview, primary survey, and secondary survey (Fig. 52-1).
Airway obstruction is probably the most frequent cause of
Resuscitation is initiated, if needed, at any time during this conasphyxia and may result from posteriorly displaced or lacertinuum. Rapid overview takes only a few seconds and is used to
ated pharyngeal soft tissues; cervical or mediastinal hematoma;
determine whether the patient is stable, unstable, dying, or dead.
bleeding, secretions, or foreign bodies within the airway; and/or
The primary survey involves rapid evaluation of functions that are
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FIgURE 52-1. Clinical sequence for initial
management of the major trauma patient.
CT, computed tomography; ER, emergency
room; ICU, intensive care unit.

Rapid Overview
(differentiation between stable,
unstable and dead or dying patient)

Primary Survey
(evaluation and concurrent resuscitation)
1) Airway
2) Breathing
3) Circulation
4) Neurologic function
5) Examination of undressed patient
(Essential Laboratory and Radiologic Examination)

Secondary Survey
(detailed and systematic evaluation of
injury to each anatomic region and
resuscitation at any time, if necessary)

Operating room
for
emergency surgery

Radiology suite
for
special x-rays
(CT scan, arteriogram, esophagram)

Observation in ER
or
ICU

Operating
room

displaced bone or cartilage fragments. Bleeding into the cervical region may produce airway obstruction not only because of
compression by the hematoma, but also from venous congestion
and upper airway edema as a result of compression of neck veins.
Signs of upper and lower airway obstruction include dyspnea,
cyanosis, hoarseness, stridor, dysphonia, subcutaneous emphysema, and hemoptysis. Cervical deformity, edema, crepitation,
tracheal tug and/or deviation, or jugular venous distention may
be present before these symptoms appear and may help indicate
that specialized techniques are required to secure the airway.
The initial steps in airway management are chin lift, jaw thrust,
clearing of the oropharynx, placement of an oropharyngeal or
nasopharyngeal airway, and, in inadequately breathing patients,
ventilation with a self-inflating bag. Immobilization of the cervical
spine and administration of oxygen should be applied simultaneously. Blind passage of a nasopharyngeal airway or a nasogastric
or nasotracheal tube should be avoided if a basilar skull fracture is
suspected because it may enter the anterior cranial fossa. A cuffed
oropharyngeal airway (Combitube or King’s airway) or a laryngeal
mask airway (LMA) may permit ventilation with a self-inflating bag,
although neither provides protection against aspiration of gastric
contents. They may be used as temporary measures and can serve
as a bridge for a brief period to re-establish the airway patency or
to facilitate intubation aided by a flexible iberoptic bronchoscope
(FOB). If they do not provide adequate ventilation, the trachea must
be intubated immediately using either direct laryngoscopy or a cricothyroidotomy, depending on the results of airway assessment.

Maxillofacial, neck, and chest injuries, as well as cervicofacial
burns, are the most common trauma-related causes of dificult
tracheal intubation. Airway assessment should include a rapid
examination of the anterior neck for feasibility of access to the
cricothyroid membrane. Tracheostomy is not desirable during
initial management because it takes longer to perform than a cricothyroidotomy and requires neck extension, which may cause
or exacerbate cord trauma in patients with cervical spine injuries. Conversion to a tracheostomy should be considered later to
prevent laryngeal damage if a cricothyroidotomy will be in place
for more than 2 to 3 days. Possible contraindications to cricothyroidotomy include age younger than 12 years and suspected
laryngeal trauma. Permanent laryngeal damage may result in the
former, and uncorrectable airway obstruction may occur in the
latter situation.

full Stomach
A full stomach is a background condition in acute trauma: the
urgency of securing the airway often does not permit adequate
time for pharmacologic measures to reduce gastric volume and
acidity. Thus, rather than relying on these agents, the emphasis
should be placed on selection of a safe technique for securing the
airway when necessary: rapid-sequence induction with cricoid
pressure for those patients without serious airway problems, and
awake intubation with sedation and topical anesthesia, if possible,
for those with anticipated serious airway dificulties.
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head, open eye, and contained major Vessel injuries
The principles of tracheal intubation are similar for these injuries.
Apart from the need to ensure adequate oxygenation and ventilation, these patients require deep anesthesia and profound muscle
relaxation before airway manipulation. This helps prevent hypertension, coughing, and bucking, and thereby minimizes intracranial, intraocular, or intravascular pressure elevation, which can
result in herniation of the brain, extrusion of eye contents, or dislodgment of a hemostatic clot from an injured vessel, respectively.
The preferred anesthetic sequence to achieve this goal in patients
who are not hemodynamically compromised includes preoxygenation and opioid loading, followed by relatively large doses
of an intravenous anesthetic and muscle relaxant. Hemodynamic
responses to this sequence should be carefully monitored and
promptly corrected. Systemic hypotension, intracranial pressure
(ICP) elevation, and decreased cerebral perfusion pressure (CPP;
CPP equals mean arterial pressure minus ICP) may occur whether
cerebral autoregulation is present or absent in patients with head
injuries, and if untreated it can produce secondary ischemic
insults. Ketamine is probably contraindicated in patients with
head and vascular injuries because it may increase both intracranial and systemic vascular pressures. However, no signiicant
increase in intraocular pressure (IOP) has been documented. Any
muscle relaxant, including succinylcholine, may be used as long
as the fasciculation produced by this agent is inhibited by prior
administration of an adequate dose of a nondepolarizing muscle
relaxant. Alternatively, rocuronium can provide intubating conditions within 60 seconds with a dose of 1.2 to 1.5 mg/kg; neuromuscular blockade produced by this dose lasts approximately
2 hours. Of course, neither muscle relaxants nor intravenous
anesthetics are indicated when initial assessment suggests a dificult airway. As in any other trauma patient, hypotension dictates
either reduced or no intravenous anesthetic administration.

cervical Spine injury
Overall, 2% to 4% of blunt trauma patients have cervical spine
(C-spine) injuries, of which 7% to 15% are unstable.10 The most
common causes include high-speed motor vehicle accidents, falls,
diving accidents, and gunshot wounds. Head injuries, especially
those with low Glasgow coma scores (GCS) and focal neurologic
deicits, are likely to be associated with C-spine injuries. Approximately 2% to 10% of head trauma victims have C-spine injuries, while 25% to 50% of patients with C-spine injuries have an
associated head injury.10 The incidence of assault-related injuries
depends on the mechanism, being highest after gunshot wounds
(1.35%), lowest after stab wounds (0.12%), and intermediate
after blunt trauma (0.4%) to the cervicothoracic region.

Initial Evaluation
Accurate and timely evaluation is important because 2% to 10%
of blunt trauma induced C-spine injury patients develop new or

worsening neurologic deicits after admission, partly attributable
to delayed diagnosis and improper C-spine protection and/or
manipulation.10 Often there is no time to evaluate the injury, and
emergency airway management may have to be performed without ruling out C-spine injury while the patients are in a rigid collar and neck stabilizing devices. Clearance of the neck at the earliest possible time after airway management should be performed
to minimize the complications associated with the collar, such
as pressure ulceration, ICP elevation in head injured patients,
compromised central venous access, and airway management
challenges if reintubation is needed.
In the conscious patient with a suspected injury, diagnosis is
relatively easy. According to the American National Emergency
X-Radiography Utilization Study (NEXUS), a clinical evaluation
revealing no posterior midline tenderness in the neck and no
focal neurologic deicit in an injured patient with a normal level
of alertness, no evidence of intoxication, and absence of painful
distracting injury indicates a low probability of a C-spine injury,
and there is thus no need for radiographic evaluation.11 Recently,
however, it has been shown that a signiicant number of major
trauma patients cleared by these criteria had clinically important
unstable C-spine injuries requiring treatment. Therefore, routine
computerized tomography (CT) in addition to clinical evaluation
is recommended to rule out C-spine injury in major trauma victims.12 Probably the reason for the lower reliability of the NEXUS
criteria is dificulty in evaluating distracting injuries.
The Canadian C-spine rule for radiography after trauma is
another tool designed to identify low-risk patients.10 With this
diagnostic tool, proper answers to the following three questions
eliminate the possibility of injury and the need for radiographic
studies: (a) Is there any high-risk factor mandating radiography?
(b) Are there low-risk factors that permit safe evaluation of the
range of motion of the neck? (c) Can the patient rotate the neck
laterally for 45 degrees in each direction without pain? (Fig. 52-2).

Canadian C-spine Rule
High-Risk Factors
Mandating Radiography
• Age ≥65
• Dangerous mechanism
• Paresthesia in extremities

YES

NO
Low-Risk Factors Allowing
Neck Range of Motion
• Simple rear-end MVA
• Ability to sit or ambulate in ER
• No immediate onset neck pain
• No midline C-spine tenderness

NO

Radiography (CT)

YES
Able to rotate neck
45° left and right

Unable

FIgURE 52-2. Canadian cervical spine rule designed to diagnose cervical spine injury and identify patients who require further radiographic
(computed tomography) evaluation. (Adapted with permission from
Stiell IG, Clement CM, McKnight RD, et al. The Canadian C-spine rule
versus the NEXUS low-risk criteria in patients with trauma. N Engl J
Med. 2003;349:2510.)
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In agitated and uncooperative patients, topical anesthesia of
the airway may be impossible, whereas administration of sedative
agents may result in apnea or airway obstruction, with an increased
risk of aspiration of gastric contents and inadequate conditions
for tracheal intubation. After locating the cricothyroid membrane
and denitrogenating the lungs, a rapid-sequence induction may be
used to allow securing of the airway with direct laryngoscopy or, if
necessary, immediate cricothyroidotomy. Personnel and material
necessary to perform translaryngeal ventilation or cricothyroidotomy must be in place before induction of general anesthesia.
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Comparison of these two sets of criteria showed that the Canadian rule is more reliable than those for NEXUS in diagnosing
C-spine injury in responsive patients.13
2
For those patients who cannot be cleared clinically and thus
require radiographic evaluation, it is now clear that the diagnostic
capability of three-view plain ilms is inferior to that provided by
modern multidetector CT scans. Currently in modern trauma centers radiographic evaluation of the C-spine is performed using thin
cut CT images with sagittal and coronal reconstruction. There is,
however, a subset of patients with a normal CT scan who are either
comatose, obtunded or are awake but have neck pain. Given the
fact that CT is not sensitive in picking up soft tissue and ligamentous injury, ruling out ligamentous C-spine injury in these patients
is dificult and the diagnostic strategy is somewhat controversial.
Dynamic luoroscopy to obtain lexion/extension series has limited
value because it is extremely low yield, relatively dangerous, and cost
ineffective.14 It requires repeat examinations, it is dificult to identify
speciic ligamentous injury, and often the lower cervical spine cannot be visualized. In many trauma centers it is no longer performed.
Magnetic resonance imaging (MRI) is a reliable tool; a normal
examination can conclusively exclude C-spine injury.15 It is thus the
gold standard for ruling out C-spine injury. However, it is so sensitive that it can detect subtle injuries that are clinically insigniicant. It
cannot be performed in multiple trauma patients who have metallic skeletal ixators. It is expensive and requires patient transport.
Finally, it cannot be performed in the irst few days after injury, the
period when airway management is most commonly performed.
A more recently proposed approach, which is practiced in many
countries and in many, but not all, trauma centers in the United
States, is to rely on the CT study performed using multidetector
devices with <3-mm cuts. The diagnostic capability of this method
is excellent, with the possibility of missing 1 unstable C-spine injury
in about 5,000 patients not cleared by clinical examination.16
There are certain situations that theoretically could be missed
with CT examination. Acute rupture of a transverse atlantal ligament produces signiicant instability despite the absence of a neurologic deicit and normal alignment while the patient is supine
on a CT scanner. Likewise, in a head-injured patient, a mild to
moderate central cord syndrome, which is referred to as spinal
cord injury without radiological abnormality, may be dificult to
discern with a CT scan. Familiarity with these diagnostic strategies may help in the assessment of patients with C-spine injury
before airway management.
Interestingly, published series describe very few instances of
neurologic deicits related to airway management in C-spine–
injured patients. Recently, Hindman et al.17 reviewed the closed
claims data for perioperative cervical cord, nerve root, and spine
injury between 1970 and 2007, which showed that overall airway
management–related neurologic damage represented 11% of 48
claims. Nine patients in the series had unstable spines preoperatively and developed neurologic deicits. In two of these patients
the injury was attributed to airway management following direct
laryngoscopy and intubation without C-spine precautions.
McLeod and Calder18 reviewed nine allegedly intubation-related
cervical spinal cord injuries. Of these, three patients in two reports
developed increased neurologic deicit after laryngoscopy and intubation without stabilization of the neck. It is likely that two of these
patients are the same patients described by Hindman et al.17 Thus it
is possible that airway management–related cervical cord injury in
C-spine injured patients can occur, but if it does, it is rare.

Airway Management
Almost all airway maneuvers, including jaw thrust, chin lift, head
tilt, and oral airway placement, result in some degree of C-spine

movement.10 To secure the airway with direct laryngoscopy,
manual in-line stabilization (MILS) of the neck is the standard
care of these patients in the acute stage. A hard cervical collar
alone, which is routinely placed, does not provide absolute protection, especially for rotational movements of the neck. MILS
is best accomplished by having two operators in addition to the
physician who is actually managing the airway. The irst operator
stabilizes and aligns the head in neutral position without applying cephalad traction. The second operator stabilizes both shoulders by holding them against the table or stretcher. The anterior
portion of the hard collar, which limits mouth opening, may be
removed after immobilization.
In the presence of MILS, the glottic view may be suboptimal
in 10% to 15% of patients during direct laryngoscopy because of
limitation of neck extension. Airway management may be further compromised in some patients because of enlargement of
the prevertebral space by a hematoma from the vertebral fracture.
Consequently, greater anterior pressure needs to be applied to
the tongue by the laryngoscope blade to visualize the larynx. This
increased anterior pressure is transmitted to the spine and can
increase the movement of the unstable vertebral segment. Thus,
the more the restriction of the glottic view during direct laryngoscopy, the greater the pressure on the tongue, the spine, and the
unstable segment with potential displacement of the unstable fragment. Santoni et al.19 demonstrated that during various phases of
direct laryngoscopy and intubation, the pressures exerted on the
tongue and indirectly to the spine were greater with MILS than
without MILS (Fig. 52-3). This inding conirmed the results of a
videoluoroscopic study by Lennarson et al.20 who demonstrated
signiicant anteroposterior displacement when MILS was applied
to cadavers with destabilized C-spines.
Although convincing, these data should not eliminate the
current standard practice of applying MILS during airway management of these patients. Currently, there is no scientiically
rigorous clinical trial to show conclusively that airway management without MILS is associated with a favorable spinal cord
outcome. Based on the available data, it is, however, reasonable
to allow some relaxation of the MILS to improve the glottic view
when visualization of the larynx is restricted.
Other measures and techniques, including the McCoy laryngoscope, rigid iberoptic video laryngoscopes (Glidescope, Verathon,
Bothell, Washington; Airtraq, Airtraq LLC, Fenton, Missouri;
McGrath, LMA North America, San Diego, California), FOB,
lightwand, translaryngeal (retrograde) intubation, and cricothyroidotomy, can be used to secure the airway in the acute phase in
patients requiring cervical spine immobilization. So far the existing
data suggest that neck motion with modern video laryngoscopes
is similar to that produced by the Macintosh blade, although they
provide better glottic views. A gum elastic bougie passed through
the endotracheal tube, or a satin-sheathed stylet placed through
its Murphy aperture, may also be helpful. They can be inserted
through the larynx more easily than the tube itself because their
small diameter does not block the view of the glottis during direct
laryngoscopy. Cricoid pressure may optimize the view, but it
should be applied with great care as it may produce undue motion
of the unstable spine if excessive force is used. Supraglottic intubating airways with or without the aid of FOB can be used, but
neck movement with these devices appears to be comparable to
that produced by conventional laryngoscopes. Flexible iberoptic
laryngoscopy, lightwand, and possibly translaryngeal-guided intubation (see “Maxillofacial Injuries” section) cause almost no neck
movement, but blood or secretions in the airway, a long preparation time, and dificulty in their use in comatose, uncooperative,
or anesthetized patients reduce their utility during initial management. Nasotracheal intubation carries the risks of epistaxis, failure
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FIgURE 52-3. Pressures applied by the MacIntosh laryngoscope blade on the tongue and indirectly on the cervical spine during
various phases of direct laryngoscopy and intubation in two patients. Note that applied pressure is greatest from the time of final
position of the blade to the completion of intubation, especially with application of manual in line stabilization of the head and
neck. (Reproduced with permission from Santoni BG, Hindman BJ, Puttlitz CM, et al. Manual in line stabilization increases pressures applied by the laryngoscope blade during direct laryngoscopy and orotracheal intubation. Anesthesiology. 2009;110:24.)

of intubation, and the possibility of entry of the endotracheal tube
into the cranial vault or the orbit if there is damage to the cranial
base or the maxillofacial complex. Absence of the usual signs of
cranial base fracture (battle sign, raccoon eyes, or bleeding from
the ear or the nose) cannot be relied on to exclude the possibility
of its occurrence because with rapid prehospital transport, these
signs may not be immediately apparent.
In the subacute phase of C-spine injury when time constraints,
full stomach, and patient cooperation issues do not exist, the use
of FOB in the awake, sedated patient with appropriate topical
anesthesia is preferred. Advantages of this technique are minimal
movement of the neck, positioning of the patient awake, maintenance of protective reflexes, and the ability to assess the neurologic status after intubation.

direct airway injuries
Direct airway damage can occur anywhere between the nasopharynx and the bronchi. Sometimes more than one site may

be involved, resulting in persistent airway dysfunction after one
of the problems is corrected.21 Head, face, and neck injuries are
more common in military personnel in combat than in the civilian population; effective torso protection by body armor used in
combat leaves these regions unprotected.22

Maxillofacial Injuries
In addition to soft tissue edema of the pharynx and peripharyngeal hematoma, blood or debris in the oropharynx may be
responsible for partial or complete airway obstruction in the
acute stage of these injuries. Occasionally, teeth or foreign bodies
in the pharynx may be aspirated into the airway causing some
degree of obstruction, which may occur or be recognized only
during attempts at tracheal intubation. Another problem is the
dynamic nature of soft tissue injuries in this region. A hematoma
or edema in the face, tongue, or neck may expand during the irst
several hours after injury and ultimately occlude the airway. Serious airway compromise may develop within a few hours in up to
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(0.08% after blunt and 0.9% after penetrating trauma).27 Clinical
50% of patients with major penetrating facial injuries or multiple
signs such as air escape, hemoptysis, and coughing are present in
trauma, caused by progressive inflammation or edema resulting
almost all patients with penetrating injuries, facilitating the diagfrom liberal administration of fluids.
The face, head, and neck are vulnerable to missile and explosion 3 nosis. In contrast, major blunt laryngotracheal damage may be
missed, either because the patient is asymptomatic or unresponinjuries.22 Although rare, massive hemorrhage, most frequently
sive, or because suggestive signs and symptoms are missed in the
from the internal maxillary artery or its branches, and less freinitial evaluation. The typical presentation includes hoarseness,
quently from the facial, external carotid, or sphenopalatine arteries
mufled voice, dyspnea, stridor, dysphagia, odynophagia, cervical
and other small branches, may be life threatening, requiring antepain and tenderness, ecchymosis, subcutaneous emphysema, and
rior, posterior, or anteroposterior packing, intermaxillary ixation,
lattening of the thyroid cartilage protuberance (Adam’s apple).
and, when these measures are ineffective, angioembolization.23,24
Whether the trauma is blunt or penetrating, attempts at blind traTracheal intubation or a surgical airway is necessary as an initial
cheal intubation may produce further trauma to the larynx and
measure to avert airway compromise in these circumstances.
complete airway obstruction if the endotracheal tube enters a false
Fracture-induced encroachment on the airway or limitation of
passage or disrupts the continuity of an already tenuous airway.29
mandibular movement, pain, and trismus may limit mouth openThus, whenever possible, intubation of the trachea should be pering. Fentanyl in titrated doses of up to 2 to 4 µg/kg over a period
formed using an FOB, or the airway should be secured surgically.
of 10 to 20 minutes may produce an improvement in the patient’s
A CT scan of the neck provides valuable information and should
ability to open the mouth if mechanical limitation is not present.
be performed before any airway intervention in all stable patients
The selection of an airway management technique in the preswithout respiratory and hemodynamic compromise. Originally,
ence of a maxillofacial fracture is based on the patient’s presenting
the severity of laryngeal injury was classiied based on endoscopic
condition. Most patients with isolated facial injuries do not require
indings. With modern CT equipment, information similar to that
emergency tracheal intubation. Surgery may be delayed for as long
provided by FOB can be obtained with CT scanning. A classiicaas a week with no adverse effect on the repair. Patients who present
tion of laryngeal injuries is depicted in Table 52-1.30,31
with airway compromise may be intubated using direct laryngosThe strategy for tracheal intubation depends on the clinical precopy; the decision about the use of anesthetics and muscle relaxsentation.29 The tracheas of some patients with penetrating airway
ants is based on the results of airway evaluation. When there is
injuries, especially stab wounds, may be intubated through the airbleeding into the oropharynx, a lexible iberoptic laryngoscope
way defect without the need for anesthetics or optical equipment.
may be useless because of obstruction of the view. A retrograde
The presence of cartilaginous fractures or mucosal abnormalities
technique, using a wire or epidural catheter passed through a
necessitates awake intubation with an FOB or awake tracheos14-gauge catheter introduced into the trachea through the critomy.21 Laryngeal damage precludes cricothyroidotomy. Trachecothyroid membrane, may be used if the patient can open his or
ostomy should be performed with extreme caution because up to
her mouth. A surgical airway is indicated when there is airway
70% of patients with blunt laryngeal injuries may have an associcompromise, when direct laryngoscopy has failed or is considered
ated cervical spine injury.29 Uncooperative or confused patients
impossible, when the jaws will be wired, or when a tracheostomy
will be performed anyway after deinitive repair of the fracture.25
may not tolerate awake airway manipulation. It may be best to
transport these patients to the OR, induce anesthesia with inhalaTracheostomy may be indicated as an emergency procedure in the
tional agents, and intubate the trachea without muscle relaxants.29
emergency room within a few minutes of arrival, as a delayed proEpisodes of airway obstruction during spontaneous breathing
cedure in the OR for airway control within 12 hours of arrival, or
under an inhalational anesthetic can be managed by positioning
as an elective procedure during deinitive surgery in the OR more
the patient upright in addition to the usual maneuvers.
than 12 hours following admission to the hospital.22 Comminuted
mandibular, midfacial bilateral LeFort III, and panfacial fractures
are likely to be managed with tracheostomy for deinitive surgery.25 To avoid the possible complications of tracheostomy, submental or submandibular intubation, which involves externalizing
the proximal end of an orotracheal lexible armored tube through
TAbLE 52-1. ClassifiCation of laryngeal
a small submental incision has been performed. Thus, the trachea
injuries
remains surgically intact.26 Nasogastric or nasotracheal intubation should be avoided when a basilar skull or maxillary fracture
Grade Laryngeal Findings
Airway
is suspected because of the possibility that the tube may enter the
cranium or the orbit. Hemorrhagic shock and life-threatening
Minimal airway
1
No fractures
cranial, laryngotracheal, thoracic, and cervical spine injuries may
symptoms
Minor lacerations
accompany major facial fractures, and airway management must
Minimal edema
be tailored accordingly. The likelihood of cranial injury increases
Mild airway
2
Undisplaced fractures
in midface fractures involving the frontal sinus, as well as the orbicompromise
Mucosal damage
tozygomatic and orbitoethmoid complexes.
without cartilage

Cervical Airway Injuries

3

Injury to the cervical air passages can result from blunt or penetrating trauma. The incidence of blunt and penetrating laryngotracheal injuries admitted to major trauma centers is 0.34% and 4%,
respectively.27 Similarly to maxillofacial injuries, wartime laryngotracheal injuries are more severe and occur more frequently
(5% to 6%) than peacetime injuries (0.91%).28 Although the
pharynx and esophagus are close to the cervical air passages, their
involvement in peacetime trauma is less likely than airway injuries

4
5

exposure
Displaced fractures
Vocal fold immobility
Multiple fractures with
instability
Laryngotracheal
separation

Signiicant airway
compromise
Signiicant airway
compromise
Catastrophic airway
obstruction

Adapted from Schaefer SD. Primary management of laryngeal trauma. Ann Otol
RhinolLaryngol. 1982; 91:399 and Fuhrman GM, Stieg FH 3rd, Buerk CA, et al. Blunt
laryngeal trauma: Classiication and management protocol. J Trauma 1990;30:87.
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pulmonary contusion, diaphragmatic rupture with herniation
of abdominal contents into the thorax, and atelectasis from a
mucous plug, aspiration, or chest wall splinting can also interfere
with breathing and pulmonary gas exchange and deteriorate into
life-threatening complications.
Although cyanosis, tachypnea, hypotension, neck vein distention, tracheal deviation, and diminished breath sounds on the
affected side are the classic signs of tension pneumothorax, neck
vein distention may be absent in hypovolemic patients and tracheal deviation may be dificult to appreciate. Diagnosis with an
ultrasound probe placed on the second intercostal space on the
Thoracic Airway Injuries
suspected side to search for lung sliding and comet tail signs has
the potential to provide rapid diagnosis; absence of these signs
Whereas penetrating trauma can cause damage to any segment of
suggests the presence of pneumothorax.36 Inability to position
the intrathoracic airway, blunt injury usually involves the posterior
most trauma patients upright and the likelihood of inadequate
membranous portion of the trachea and the mainstem bronchi,
imaging decrease the diagnostic value of chest radiographs.37 In
usually within approximately 3 cm of the carina. A signiicant number of these injuries result from iatrogenic causes such as tracheal
the supine position the “deep sulcus sign,” which results from the
tendency of pleural air to track in the lateral and caudal regions, is
intubation.33 Pneumothorax, pneumomediastinum, pneumoperiusually the diagnostic chest radiographic sign of tension pneumocardium, subcutaneous emphysema, and a continuous air leak
thorax.37 The deinitive diagnosis is made by CT scanning.36 Howfrom the chest tube are the usual signs of this injury. They occur freever, in hypoxemic and hypotensive patients, immediate insertion
quently but are not speciic for thoracic airway damage. In patients
of a 14-gauge angiocatheter through the fourth intercostal space
intubated without the suspicion of a tracheal injury, dificulty in
in the midaxillary line or, at times, through the second intercostal
obtaining a seal around the endotracheal tube or the presence on
space at the midclavicular line, is essential. There is no time for
a chest radiograph of a large radiolucent area in the trachea corradiologic conirmation in this setting.
responding to the cuff suggests a perforated airway. Other radioA lail chest results from fractures of more than two sites of at
graphic indings include a radiolucent line along the prevertebral 4
least three adjacent ribs or rib fractures with associated costochonfascia due to air tracking up from the mediastinum, peribronchial
dral separation or sternal fracture. An underlying pulmonary contuair or sudden obstruction along an air-illed bronchus, and the
sion with increased elastic recoil of the lung and work of breathing
“dropped lung” sign when complete intrapleural bronchial transecis the main cause of respiratory insuficiency or failure and resulting
tion causes the apex of the collapsed lung to descend to the level
hypoxemia.38 It often develops over a 3- to 6-hour period, causing
of the hilum. Occasionally, simultaneous esophageal injury with a
tracheoesophageal istula may be present.34
gradual deterioration of the chest radiograph and arterial blood
gases (ABGs).38 Coexisting hemopneumothorax, paradoxical chest
Airway management is similar to that of cervical airway injury.
wall movement, and/or pain-induced splinting may contribute
Anesthetics, and especially muscle relaxants, may produce irreversto the gas exchange abnormalities. Repeat evaluation by physical
ible obstruction, presumably because of relaxation of structures
examination, chest radiograph, and ABG determinations is essenthat maintain airway patency in the awake patient. However, airtial for early recognition of these complications. Preliminary bedway loss may also occur during attempts at awake intubation, often
side ultrasound examination showing replacement of the normal A
as a result of further distortion of the airway by the endotracheal
lines with pathologic B lines also suggests pulmonary contusion.39
tube, patient agitation, or rebleeding into the airway. After intubation of the trachea, the adequacy of airway intervention is evaluated
The fraction of lung volume contused, as determined by chest
mainly by auscultation and capnography. Pulmonary contusion,
radiograph or CT scan, may be predictive of the subsequent develatelectasis, diaphragmatic rupture with thoracic migration of the
opment of acute respiratory distress syndrome (ARDS). The likeliabdominal contents, and pneumothorax may complicate the interhood increases abruptly once the contusion volume exceeds 20% of
pretation of chest auscultation. Likewise, carbon dioxide (CO2)
total lung volume.40 Without signiicant gas exchange abnormalities, chest wall instability alone is not an indication for respiratory
elimination may be decreased or absent in shock and cardiac arrest.
support. There is evidence that liberal use of tracheal intubation and
The outcome after surgical repair of these injuries is often submechanical ventilation in the presence of a lail chest or pulmooptimal and complicated by stump leak and empyema, suture line
nary contusion increases the rate of pulmonary complications and
stenosis, or the need for tracheostomy or pneumonectomy. The
mortality and prolongs the hospital stay.38,41 Effective pain relief by
recent trend is selective conservative management with an endotracheal tube placed using bronchoscopic guidance distal to the traitself can improve respiratory function and often prevents the need
cheal injury.35 Patients with lesions >4 cm, cartilaginous rather than
for mechanical ventilation. For this purpose, continuous epidural
analgesia with local anesthetics and opioids, preferably directed to
membranous injuries, concomitant esophageal trauma, progressive
thoracic segments, provides better pain relief and ventilatory funcsubcutaneous emphysema, severe dyspnea requiring intubation
tion than parenteral opioids, reducing morbidity and mortality in
and ventilation, dificulty with mechanical ventilation, pneumoelderly patients with chest wall trauma.38 Other therapeutic meathorax with an air leak through the chest drains, and mediastinitis
are still managed surgically. Those without these problems may be
sures include supplemental oxygen, continuous positive airway
pressure (CPAP) of 10 to 15 cm water (H2O) by facemask, airway
treated nonoperatively with a reasonable outcome.33,35
humidiication, chest physiotherapy, incentive spirometry, bronchodilators, airway suctioning (using FOB, if necessary), and nutritional support.38 Overzealous infusion of luids and transfusion of
management of Breathing abnormalities
blood products may result in deterioration of oxygenation by worsening the underlying pulmonary injury.38
Of the several causes that may alter respiration after trauma,
Pulmonary contusion, respiratory insuficiency or failure
tension pneumothorax, lail chest, and open pneumothorax are
despite adequate analgesia, clinical evidence of severe shock,
immediate threats to the patient’s life and therefore require rapid
associated severe head injury or injury requiring surgery, airway
diagnosis and treatment. Hemothorax, closed pneumothorax,

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

Complete transection of the trachea is rare but when it occurs
it is life threatening. The distal segment of the trachea retracts into
the chest, causing airway obstruction either spontaneously or during airway manipulation. Surgery involves pulling up the distal
end and performing an end-to-end anastomosis to the proximal
segment or suturing it to the skin as a permanent tracheostomy. In
extreme situations, such as complete or near-complete transection
of the larynx and trachea, femorofemoral bypass or percutaneous
cardiopulmonary support may be considered if time permits.32
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obstruction, and signiicant pre-existing chronic pulmonary
disease are indications for tracheal intubation and mechanical
ventilation. Outcome in these patients may be dependent on the
pattern of ventilation. In head injury patients, unless the clinical
evidence suggests imminent cerebral herniation, hyperventilation
must be avoided because it increases cerebral vasoconstriction,
thus decreasing perfusion with accumulation of cerebral lactic
acid immediately after its institution.42 In hypovolemic patients,
hyperventilation may interfere with venous return and cardiac
output, leading to hypotension, further decrease in organ perfusion, and even cardiac arrest. Ventilation with low tidal volumes
(6 to 8 mL/kg) and moderate positive end-expiratory pressure
(PEEP), producing low inspiratory alveolar or plateau pressures, appears to be the best pattern to prevent deterioration of
hemodynamics and decrease the likelihood of ARDS.43 In intubated, spontaneously breathing patients, airway pressure release
ventilation, in which spontaneous breathing is superimposed on
mechanical ventilation by intermittent sudden, brief. decrease
of
.
CPAP, provides improved ventilation/perfusion (V/Q) matching and systemic blood pressure, lower sedation requirements,
greater oxygen (O2) delivery, shorter periods of intubation, and
a decreased incidence of ventilator-associated pneumonia, which
occurs in up to 30% of ventilated patients with pulmonary contusion.41,44,45 Severe unilateral pulmonary contusion unresponsive
to these measures may be treated by differential lung ventilation
via a double-lumen endobronchial tube. In bilateral severe contusions with life-threatening hypoxemia, high-frequency jet ventilation may enhance oxygenation and cardiac function, which
may be compromised by concomitant myocardial contusion or
ischemia.46
Systemic air embolism occurs mainly after penetrating lung
trauma and blast injuries, or less frequently after blunt thoracic
trauma that produces lacerations of both distal air passages and
pulmonary veins.47 Positive-pressure ventilation after tracheal
intubation may then result in entrainment of air into the systemic
circulation. Hemoptysis, circulatory instability, and CNS dysfunction immediately after starting artiicial ventilation, as well
as detection of air in blood from the radial artery, establishes the
diagnosis. Air bubbles may also be seen in the coronary arteries
during thoracotomy. Surgical management involves immediate
thoracotomy and clamping of the hilum of the lacerated lung.
Respiratory maneuvers that minimize or prevent air entry into
the systemic circulation include isolating and collapsing the
lacerated lung by means of a double-lumen tube or ventilation
with the lowest possible tidal volumes via a single-lumen tube.47
Transesophageal echocardiography (TEE) of the left side of the
heart may permits visualization of air bubbles and their disappearance with therapeutic maneuvers.

management of Shock
5 Hemorrhage is the most common cause of traumatic hypotension and shock and is, after head injury, the second most common cause of mortality after trauma. Other causes are abnormal
pump function (myocardial contusion, pericardial tamponade,
pre-existing cardiac disease, or coronary artery or cardiac valve
injury), pneumothorax or hemothorax, spinal cord injury, and
rarely, anaphylaxis or sepsis (Table 52-2).
In bleeding patients the primary goal is the urgent surgical control of the source of bleeding. Certain types of bleeding
sources, however, may be temporarily controlled with nonsurgical measures, such as inger compression of open neck injuries
and tourniquet control of external bleeding from extremities.
Tourniquets should be removed as soon as urgent surgical con-

trol is achieved to avoid pressure-induced nerve damage, skin
necrosis, or limb ischemia.
Evaluation of the severity of hemorrhagic shock in the initial phase is based on the mechanism and anatomical pattern
of injury, hemodynamic data, and the response to luid resuscitation. Free falls from heights >6 m, high-energy deceleration
impact, and high velocity gunshot wounds are very likely to
produce major damage and bleeding. Thoracoabdominal and
pelvic injuries also are likely to be associated with major bleeding. Immediate evaluation of these anatomical sites with radiographs of the chest and pelvis, focused abdominal sonography
for trauma (FAST), CT, or rarely, diagnostic peritoneal lavage
(DPL), is necessary. Patients with signiicant intra-abdominal
luid recognized with these tests and hemodynamic instability
require immediate surgical intervention. Those who are suspected to have occult abdominal bleeding based on a high-risk
mechanism of injury but who are hemodynamically stable must
undergo further evaluation with CT. The modern multislice CT
devices available in most trauma centers can provide early wholebody scanning with or without contrast within a few minutes.48
By using contrast, a delayed-phase CT can also demonstrate the
active bleeding site.
Clinical assessment using hemodynamic data is based on
a few relatively insensitive and nonspeciic clinical signs. For
example, tachycardia, which is traditionally used as an index of
hypovolemia, may be absent in up to 30% of hypotensive trauma
patients because of increased vagal tone, chronic cocaine use, or
other reasons.49 Inability of the patient to elevate the heart rate in
the face of hypoperfusion is considered a predictor of increased
mortality independent of severity of injury, systemic blood pressure, or the presence of a head injury.49 In contrast, by increasing catecholamine output, tissue injury and associated pain may
maintain tachycardia and normal systemic blood pressure in the
presence or absence of hypovolemia without necessarily increasing the cardiac index or tissue oxygen delivery. In fact, in this situation an increase in intestinal vascular resistance and a decrease
in splanchnic blood low may occur, and if prolonged, may
allow entry of intestinal micro-organisms into the circulation
and increase the likelihood of subsequent sepsis and organ failure.50–52 Thus, equating a normal heart rate and systemic blood
pressure with normovolemia during initial resuscitation may
lead to loss of valuable time for treating underlying occult hypovolemia or hypoperfusion. This is especially true in the elderly
trauma population (age >65) in whom signiicant tissue hypoperfusion in the presence of normal blood pressure is more likely
than in younger patients.53 Traditionally, the normal systolic
blood pressure (SBP) is deined as 90 mm Hg. Recent indings
suggest that trauma patients with this level or lower emergency
department (ED) SBP have a higher mortality, higher blood lactate levels, and greater base deicits than civilian trauma patients
with a SBP of 110 mm Hg and injured soldiers with a SBP of
100 mm Hg54,55 (Fig. 52-4). Thus, the optimal SBP in the trauma
patient appears to be 100 to 110 mm Hg. Although traditional
vital signs are relatively unreliable for recognizing life-threatening shock, heart rate, systemic blood pressure, pulse pressure,
respiratory rate, urine output, and mental status are still used
as early clinical indicators of the severity of hemorrhagic shock.
(Table 52-3).50,56 Shock index (SI), a value derived by dividing
the heart rate by the SBP, appears to be a more accurate indicator
of early hemorrhagic shock and a predictor of mortality than the
individual vital signs. In normal individuals, SI varies between
0.58 and 0.64 (mean 0.61) increasing from 0.70 to 0.80 (mean
0.75) after a moderate degree of blood loss. In the elderly, it has
been demonstrated that age times SI identiies early shock and
predicts mortality better than SI itself.57
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TAbLE 52-2. guidelines for management of traumatiC shoCK
Etiology
Cardiac
Tamponade

Myocardial
Contusion

Pneumothorax
or Hemothorax

Spinal Cord
Injury

Diminished
ventricular
performance
and elevated
pulmonary
vascular
resistance
Dysrhythmia
Tachycardia
Hypotension

Lung collapse
Mediastinal shift,
causing inflow
and outflow
obstruction of
the heart

Vasodilatation
and relative
hypovolemia
caused by loss
of sympathetic
tone

Intestinal
perforation
causing
peritoneal
contamination

Tachycardia
Hypotension
Dilated and
engorged neck
veins
Absent breath
sounds
Hyperresonance
to percussion
Tracheal shift
Dyspnea

Hypotension
without
tachycardia,
cutaneous
vasoconstriction,
or narrow pulse
pressure

Develops mainly a
few hours after
colon injury
In hypovolemic
patients, signs
and symptoms
indistinguishable
from hypovolemic
shock
In normovolemic
patients,
fever, modest
tachycardia,
warm, pink skin,
near normal
BP, wide pulse
pressure
Hypotension may
develop
Fluids and
antibiotics
Fluids, antibiotics,
and inotropes
for hypotension

Primary
mechanisms

Hypovolemia

Ventricular
inflow
restriction

Typical
signs and
symptoms

Tachycardia
Narrow pulse
pressure
Cold, clammy
skin from
vasoconstriction

Tachycardia
Hypotension
Dilated and
engorged
neck veins
Muffled heart
sounds
Diminished
BP response
to fluid
challenge

Sepsis

Subcutaneous
emphysema

Treatment
continuum,
from least to
most intense

Crystalloids
initially
Transfusion if
2,000 mL of
crystalloid in
15 min does
not restore BP

Pericardiocentesis
Pericardial
window
Emergency room
thoracotomy

Fluids
Fluids and
vasodilators
Fluids and
inotropes

Release of air
with 14-gauge
catheter
Chest tube

Fluids
Fluids and
vasopressors
Fluids, vasopressors,
and inotropes,
if myocardial
damage is present

BP, blood pressure.
Reproduced with permission from American College of Surgeons, Committee on Trauma. Shock, Advanced Trauma Life Support Student Course Manual. 8th ed.
Chicago: American College of Surgeons; 2008:55–71.
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FIgURE 52-4. Relationship between emergency department systolic blood pressure, base deficit, and
overall mortality rate of trauma patients; head injury patients are not included. Note that mortality and base
deficit decrease as systolic blood pressure increases, stabilizing at 110 mm Hg rather than at the generally
accepted 90 mm Hg. BP, blood pressure. (Adapted with permission from Eastridge BJ, Salinas J, Wade CE,
et al. Hypotension begins at 110 mm Hg: Redefining “hypotension” with data. J Trauma. 2007;63:291.)

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

Hemorrhage
or Extensive
Tissue Injury

1500

Section Vii Anesthesia for Surgical Subspecialties

TAbLE 52-3. advanCed trauma life suPPort ClassifiCation of hemorrhagiC shoCKa

Blood loss (mL)
Blood loss (% blood volume)
Pulse rate (per min)
Blood pressure
Pulse pressure
Respiratory rate (breaths/min)
Urine output (mL/hr)
Mental status
Fluid replacement (3:1 rule)

Class I

Class II

Class III

Class IV

≤750
≤15
<100
Normal
Normal or increased
14–20
≥30
Slightly anxious
Crystalloidb

750–1,500
15–30
>100
Normal
Decreased
20–30
20–30
Mildly anxious
Crystalloid

1,500–2,000
30–40
>120
Decreased
Decreased
30–40
5–15
Anxious and confused
Crystalloid + blood

≥2,000
≥40
≥140
Decreased
Decreased
>35
Negligible
Confused, lethargic
Crystalloid + blood

a

For a 70-kg male patient, based on initial presentation.
The 3:1 rule is based on empiric observation that most patients require 300 mL balanced electrolyte solution for each 100 mL blood loss. Without other clinical and
monitoring parameters, this guideline may result in excessive or inadequate fluid resuscitation.
Adapted with permission from American College of Surgeons, Committee on Trauma. Shock, Advanced Trauma Life Support Student Course Manual. 8th ed. Chicago:
American College of Surgeons; 2008:55–71.

b

Finally, the response to initial fluid resuscitation in the form
of lactated Ringer’s or normal saline solution of about 2 L, or 20
mL/kg in children, over a period of 15 to 30 minutes may allow
estimation of the severity of hemorrhage (Table 52-4).45 The goal
of therapy is to re-establish organ perfusion. Overinfusing fluids in
patients who have normalized their SBP may lead to further bleeding by increasing arterial and venous pressures, diluting clotting
factors and platelets, reducing body temperature, and decreasing
blood viscosity.58,59 Bickell et al.60 showed that delaying fluid resuscitation until surgical control of bleeding in victims of penetrating
trauma improved survival to hospital discharge and decreased the
length of hospital stay. Although many experimental studies have
conirmed the indings of Bickell et al.,60 it has also become clear
that withholding luids completely can result in as much harm as
vigorous resuscitation.61 In contrast, slow infusion of isotonic or
hypertonic crystalloids and preferably of packed red blood cells
(PRBCs), titrated to slightly lower than normal systemic pressure,
had beneicial effects on animal survival without tissue injury or
organ failure. A clinical study conducted subsequent to Bickell
et al.60 on hypotensive resuscitation demonstrated better outcome
in penetrating, but not in blunt trauma.62 Nevertheless, while this
practice is contraindicated in traumatic brain and spinal cord

injuries and in elderly patients with chronic systemic hypertension
where adequate perfusion is crucial,59 it emphasizes the useful fact
that fluid administration in excess of that needed to achieve normovolemia prior to control of hemorrhage may be deleterious.58
Early use of vasopressors to maintain hemodynamic stability has
also been shown to be associated with deleterious effects.63 However, judicious use of these drugs along with carefully titrated
fluids may offer some advantages.
Crystalloids are used in the vast majority of trauma centers
for initial resuscitation.59 Hypertonic saline (250 mL 7.5% with
6% dextran-70) is safe and may be associated with lower intracranial pressure than normal saline in brain-injured patients59
and may improve hemodynamics in hypotensive penetrating
trauma patients.64 Although colloid solutions are associated with
an increased risk of organ failure and death in trauma victims, a
meta-analysis showed no difference in mortality between colloids
and crystalloids.65 If used, hydroxyethyl starch solutions (maximum 20 mL/kg) should probably be given priority over albumin
solutions because the possible deleterious effects of colloids have
mostly been associated with albumin.
Some of the proven markers of organ perfusion can be used
during early management to set the goals of resuscitation. Of

TAbLE 52-4. resPonse to initial fluid resusCitationa

a

Rapid Response

Transient Response

Minimal or No Response

Vital signs

Return to normal

Remain abnormal

Estimated blood loss
Need for more crystalloid
Need for blood
Blood preparation
Need for operative intervention
Early presence of surgeon

Minimal (10%–20%)
Low
Low
Type and crossmatch
Possible
Yes

Transient improvement, recurrence
of decreased blood pressure, and
increased heart rate
Moderate and ongoing (20%–40%)
High
Moderate to high
Type speciic
Likely
Yes

Severe (>40%)
High
Immediate
Emergency blood release
Highly likely
Yes

2,000 mL of isotonic solution in adults; 20 mL/kg bolus of Ringer’s lactate in children.
Adapted with permission from American College of Surgeons, Committee on Trauma. Shock, Advanced Trauma Life Support Student Course Manual. 8th ed. Chicago:
American College of Surgeons; 2008:55–71.
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“Bloody Vicious Cycle” or “Lethal Triad”
these, the base deicit and blood lactate level are the most useful and practical tools during all phases of shock, including the
Trauma
earliest. The base deicit relects the severity of shock, the oxygen debt, changes in O2 delivery, the adequacy of luid resuscitation, and the likelihood of multiple organ failure and survival
↓ Factor, ↓ Platelet
Hemorrhage
Coagulopathy
with reasonable accuracy in previously healthy adult and pediatric
(Loss, Dilution, Consumption)
trauma patients.59 Base deicit is considered a better prognostic
marker than the arterial pH. A base deicit between –2 and –5
mmol/L suggests mild shock, between –6 and –9 mmol/L indicates moderate shock, whereas ≤–10 mmol/L is a sign of severe
Acidosis Hypothermia
shock.59 An admission base deicit below –5 to –8 mmol/L correlates with increased mortality. Thus, normalization of the base
deicit is one of the end points of resuscitation. Elevation of the
Factor & Platelet Dysfunction
blood lactate level is less speciic than base deicit as a marker of
tissue hypoxia because it can be generated in well-oxygenated tisFIgURE 52-5. Schematic representation of bloody vicious cycle or lesues by increased epinephrine-induced skeletal muscle glycolysis,
thal triad. Trauma-induced hemorrhage causes acidosis, hypothermia,
accelerated pyruvate oxidation, decreased hepatic clearance of
and coagulopathy. Acidosis and hypothermia produce factor and
lactate, and early mitochondrial dysfunction. All these conditions
platelet dysfunction, enhancing coagulopathy, which in turn causes inmay be present in the trauma patient. Thus, blood lactate and base
creased bleeding. The cycle continues until death ensues, unless effecdeicit may not closely correlate with each other. Nevertheless, in
tive treatment by timely control of bleeding and correction of acidosis,
most trauma victims an elevated lactate level correlates with other
hypothermia, and coagulopathy is instituted.
signs of hypoperfusion, rendering it an important marker of dysoxia and an end point of resuscitation. The normal plasma lactate
concentration is 0.5 to 1.5 mmol/L; levels >5 mmol/L indicate
developed alloantibodies. All four females in the series received
signiicant lactic acidosis. The half-life of lactate is approximately
type O, Rh-negative blood without apparent problem.
3 hours; thus, the level decreases rather gradually after correction 6
One of the principal goals during early management of the
of the cause. Failure to clear lactate within 24 hours after reversal
hemorrhaging trauma victim is to avoid the development of
of circulatory shock is a predictor of increased mortality.59
the so-called vicious cycle or lethal triad, consisting of acidosis,
Measurement of hemoglobin (Hgb) or hematocrit (Hct) helps
hypothermia, and coagulopathy (Fig. 52-5). Both acidosis and
in managing the bleeding trauma patient. However, decision makhypothermia are major factors in the induction of coagulopathy.
ing based on a single Hct value may lead to erroneous management
Resuscitation with luids and PRBCs, which have no hemostatic
decisions. Trauma patients, if not treated with adequate crystalloids
activity, further adds to this effect by diluting platelets, already
or colloids or those receiving PRBC transfusion, can maintain a
reduced in number and dysfunctional, and coagulation factors.
normal Hct despite ongoing bleeding and delay in surgical control.
Bleeding and intravascular coagulation further augments coaguOn the other hand, serial Hct measurements and consideration of
lopathy via loss or consumption of damaged or depleted platethe type and amount of luid received may be useful in deciding the
lets and coagulation factors. Augmented coagulopathy further
timing and amount of transfusion.66 The usefulness of Hgb or Hct
increases the blood loss, necessitating additional luid replaceas a PRBC transfusion threshold remains unclear, although the recment and thus maintaining the vicious cycle.
ommended target Hgb concentration in all phases of management
The practice of administering large volumes of crystalloids, colis 7 to 9 g/dL, including brain-injured patients in whom tissue
loids, and PRBCs with no hemostatic components for initial resusoxygenation is most relevant.59 In brain-injured patients, although
citation is considered to be the major factor in the development of
several studies demonstrated that increasing the Hgb level to 9 or
often lethal coagulopathy. Most trauma patients are hypercoagu10 g/dL from lower levels with PRBCs of <19 days storage increased
lable when admitted to the ER and do not develop coagulopathy
brain oxygenation in 75% of patients,67,68 data from other sources 7 when administration of hemostatic agents is delayed. However, in
showed either increased morbidity and mortality with PRBC transthe estimated 10% of patients with severe trauma and shock who
fusion69 or improved neurological outcome when the Hct value
enter the hospital in a hypocoagulable state74 or rapidly develop
was kept <30 (Hgb <10 g/dL) for longer periods.70 Transfusion of
hypocoagulation, resuscitative luids and PRBCs may further
PRBC has been shown to be an independent risk factor for mortalworsen the coagulopathy and facilitate the vicious cycle. A comity, lung injury, increased infection rate, renal failure, and intenputer simulation study by Hirshberg et al.75 clearly demonstrated
sive care unit (ICU) and hospital length of stay in trauma patients,
that with current luid resuscitation techniques, most major
especially when the transfused red cells are older than 14 days; this
trauma patients are coagulopathic at the time they arrive to the
inding was true independent of the severity of shock.71,72 NevOR. In their study, the prothrombin time (PT) would increase to
ertheless, this concern should not preclude timely and adequate
below hemostatic levels after replacement of one blood volume,
administration of blood products.
ibrinogen function would become inadequate at replacement
Normally, type-speciic crossmatched blood can be available in
of 1.25 blood volumes, and inally, platelets with replacement of
most centers in about 30 minutes, including transport time. Type1.75 blood volumes. Experience gained from the Iraq and Afghanspeciic uncrossmatched blood can be available in even less time for
istan wars attests to the accuracy of the indings of Hirshberg
patients with severe hemorrhage. However, if the situation dictates
et al.75 Holcomb et al.76 strongly recommend starting liquid
immediate transfusion, type O, Rh-positive, AB-negative fresh froplasma replacement along with luids and PRBCs as soon as the
zen plasma (FFP) is satisfactory in most situations. Controversy
patient arrives in the ER and continuing it throughout surgery.
exists about the use of uncrossmatched type O PRBC because of
Liquid plasma differs from FFP in that it is frozen at –180°C
concern about the development of alloantibodies and allergic reacwithin 8 to 24 hours, whereas FFP is frozen within 8 hours. It contions. Dutton et al.,73 reviewing their experience in 161 patients
tains all of the stable proteins found in FFP, although in slightly
receiving 581 units of universal donor blood, demonstrated that
lower concentrations. The major difference is a 25% reduction
only 1 of the 10 Rh-negative males receiving O, Rh-positive blood
of factor VIII. One unit of FFP contains approximately 7% of the

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

chapteR 52 Trauma and Burns

1502

Section Vii Anesthesia for Surgical Subspecialties

TAbLE 52-5. massive transfusion ProtoCol used in grady memorial
hosPital in atlanta
Package

PRBCs

Plasma

Platelets

initiation
1 (0.5 hr)
2 (1 hr)
3 (1.5 hr)
4 (2 hr)
5 (2.5 hr)
6 (3 hr)

6 u (ud/ts)
6 U (UD/TS)
6 U (UD/TS)
6 U (UD/TS)
6 U (UD/TS)
6 U (UD/TS)
6 U (UD/TS)

6 u (ud)
6 U (UD)
6 U (TS)
6 U (TS)
6 U (TS)
6 U (TS)
6 U (TS)

Cryoprecipitate

1 apheresisa
10 U
1 apheresisa
10 U
1 apheresisa
10 U

UD, universal donor; TS, type speciic.
a
One apheresis unit of platelet is equal to 8–10 standard units.
Reproduced with permission from Dente CJ, Shaz BH, Nicholas JM, et al. Early predictors of massive transfusion in patients
sustaining torso gunshot wounds in a civilian level 1 trauma center. J Trauma. 2010;68:298.

coagulation factor activity of a 70-kg man. Thawing of FFP or liquid
plasma takes about 30 minutes. The recommended ratio of FFP and
platelets to PRBCs varies widely, ranging from 1:10 to 2:3 for FFP
to PRBCs and from 6:10 to 12:10 for platelets to PRBCs.77 Nevertheless, military data demonstrate that the death rate was 65% when
the plasma to PRBC ratio was 1:8, 34% when it was 1:2.5, and 19%
for 1:1.4.78
Currently many trauma centers use hemostatic resuscitation
(massive transfusion) protocols during initial resuscitation of
major traumatic hemorrhage in the ED and OR. These involve
administering a relatively limited quantity of crystalloid solutions
and volume replacement with liquid plasma or FFP and PRBCs.
In addition, platelets and cryoprecipitate are given regularly.
One such protocol, used in Grady Memorial Hospital in Atlanta,
Georgia, is shown in Table 52-5.79
Timely initiation of massive transfusion or hemostatic resuscitation protocol is associated with improved survival and reduced
transfusion.80,81 However, identiication of these patients early
enough is dificult. Much effort has been directed recently at specifying criteria to identify these patients. Cotton et al.82 recently
validated previously proposed simple criteria as an early massive
transfusion trigger. The ABC score is calculated by assigning a value
of 0 or 1 to each of four parameters: penetrating mechanism, positive FAST, arrival SBP <90 mm Hg, and heart rate >120 beats per
minute. A score of ≥2 was associated with an increased likelihood
of massive transfusion. Larson et al.81 demonstrated that the presence of any two of the of four admission indings (heart rate >110
beats per minute, SBP <110 mm Hg, base deicit <–6, and Hgb
<11) predicted massive transfusion with high likelihood. Finally
Callcut et al.83 demonstrated that each of the ive massive transfusion trigger variables proposed by the military did not have the
same predictive ability. Of SBP <90 mm Hg, Hgb <11 g/dL, body
temperature <35.5°C, International Normalized Ratio (INR)
>1.5, and base deicit <–6, INR was the most predictive of massive
transfusion. However, generally the presence of three or more of
these ive triggers suggests a greater likelihood for the need of massive transfusion. Finally, rapid thromboelastography (r-TEG) can
be useful to decide on early (<1 hour) administration of FFP and
platelets.84
Rapid establishment of venous access with large-bore cannulae placed in peripheral veins that drain both above and below
the diaphragm is essential for adequate luid resuscitation in
the patient who is severely injured. When vascular collapse and
extremity injury impair access to arm or leg vessels, percutaneous cannulation of the internal jugular, subclavian, or femoral

veins can be performed. Ultrasound guidance may facilitate cannulation of the internal jugular vein and prevent needle entry
and infusion of fluids into the pleural space in patients with a
large hemothorax. Ultrasound may also be used for infraclavicular access to the axillary vein, the cephalic or basilic veins at the
midarm level, or to the femoral vein. If necessary, a cutdown to a
saphenous or arm vein can be rapidly performed in older children
and adults. In children <5 years of age, intraosseous cannulation
has a high success rate and a low incidence of complications.
Infusion rates comparable with those obtained with intravenous
lines are possible in small children, although a pressure infusion
device may be necessary to achieve adequate flow.
Patients who arrive in the ED in cardiac arrest require advanced
cardiac life support. However, the success rate of external cardiac
massage in hypovolemic trauma victims is likely to be low.85 ED
thoracotomy not only permits performance of open cardiac massage, but also aids resuscitation efforts by allowing drainage of
pericardial blood, control of cardiac and great vessel bleeding,
application of a cross-clamp to the aorta, and rapid administration
of fluids through a small Foley catheter introduced into the right
atrium, or in desperate situations, through a large-bore catheter or
introducer in the descending aorta. This procedure is not indicated
in blunt torso trauma. The mortality rate is similar regardless of
whether it is attempted or not.86 In penetrating injuries, depending on the presenting condition of the patient, the initial success
rate may be as high as 70%, but the neurologically intact hospital
discharge rate is only 10% to 15%.86,87

EARLY MANAgEMENT OF
SpECIFIC INjURIES
head injury
Approximately 40% of deaths from trauma are caused by head
injury, and indeed, even a moderate brain injury may increase the
mortality rate of patients with other injuries. In nonsurvivors, progression of the damaged area beyond the directly injured region
(secondary brain injury) can be demonstrated at autopsy.88 The
major factor in secondary injury is tissue hypoxia, which results
in lactic acidosis, free radical generation, prostaglandin synthesis
and release of excitatory amino acids (primarily glutamate), lipid
peroxidation and breakdown of cell membranes, entry of large
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TAbLE 52-6. effeCts on outCome of seCondary insults oCCurring
from time of injury through resusCitationa
6-Month Outcome (%)
Secondary
Insults
Total cases
Neither
Hypoxia
Hypotension
Both

No. of
Patients
717
308
161
62
166

Total
Patients (%)
100
43.0
22.4
11.4
23.2

Good/
Moderate

Severe/
Vegetative

Dead

43.0
63.9
50.3
32.9
20.5

20.2
10.2
21.7
17.1
22.3

36.8
26.9
28.0
50.0
57.2

a

Data from hospital emergency departments enrolled in Traumatic Coma Data Bank.
Reprinted with permission from Prough DS, Lang J. Therapy of patients with head injuries: Key parameters for management.
J Trauma. 1997;42(Suppl):10S.

diagnosis
Mental impairment after trauma may have any of several etiologies. However, the possibility of hypoxia and shock must always
be considered irst. If consciousness remains depressed despite
ventilation and luid replacement, a head injury is assumed to
be present and the patient is managed accordingly. As noted,
hypotension is the most important cause of death in the headinjured patient. Chesnut92 demonstrated that a single episode of
SBP <90 mm Hg is associated with a 50% increase in mortality,
and subsequent episodes or lower pressures increase mortality
even further.93 Therefore, every effort should be made to support the blood pressure with luids and vasopressors (preferably
phenylephrine, which does not constrict cerebral vessels) and
ensure adequate oxygenation before the unconscious patient is
evaluated. A baseline neurologic examination should be performed after initial resuscitation but before any sedative or muscle relaxant agents are administered, and this should be repeated
at frequent intervals because the patient’s condition may change
rapidly. Anesthetic and adjunct drugs may render an adequate
neurologic examination impossible; thus, long-acting muscle
relaxants, opioids, sedatives, or hypnotics should be given selectively.91,94
Consciousness can be initially assessed within a few seconds
using the AVPU system (alert; responds to verbal stimuli; responds

to pain; unresponsive) (Table 52-7). More precise information
is provided by the GCS (Table 52-7), which provides a standard
means of evaluating the patient’s neurologic status. In this test, the
sum of the scores obtained for eye opening, verbal response, and

TAbLE 52-7. two-level initial evaluation
of ConsCiousness
level 1. avPu system
A = Alert
V = Responds to verbal stimuli
P = Responds to painful stimuli
U = Unresponsive
level 2. glasgow Coma scale (gCs)
Eye opening (E)
Spontaneous, already open and
blinking
To speech
To pain
None
Verbal response (V)
Oriented
Answers but confused
Inappropriate but recognizable words
Incomprehensible sounds
None
Best motor response (M)
Obeys verbal commands
Localizes painful stimulus
Withdraws from painful stimulus
Decorticate posturing (upper
extremity lexion)
Decerebrate posturing (upper
extremity extension)
No movement
GCS ≤8 = deep coma, severe head
trauma, poor outcome
GCS 9–12 = conscious patient with
moderate injury
GCS >12 = mild injury

4
3
2
1
5
4
3
2
1
6
5
4
3
2
1
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quantities of sodium, calcium, and water into the cells, and leakage of fluid from the blood vessels into the extracellular space.89,90
This process results in brain edema and both regional and global
disturbances of the cerebral circulation. Thus, of all the possible
secondary insults to the injured brain, decreased oxygen delivery
as a result of hypotension and hypoxia has the greatest detrimental impact (Table 52-6).91,92
Brain injury by itself does not cause hypotension in adults
except as a preterminal event. However, more than half of the
patients with severe head trauma have other injuries that render
approximately 15% of them hypotensive. Approximately 30% are
hypoxic on admission as a result of central respiratory depression
or associated chest injuries. Furthermore, exposure to these insults
is likely to occur during any phase of the continuum of hospital
care: in the radiology unit, the OR, the postanesthesia care unit, the
ICU, or elsewhere. The most common early complications of head
trauma are intracranial hypertension, brain herniation, seizures,
neurogenic pulmonary edema, cardiac dysrhythmias, bradycardia,
systemic hypertension, and coagulopathy.
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Much of the focus has been on in-hospital management of
motor activity correlates with the state of consciousness, the severpatients with brain trauma, but there is increasing interest in the
ity of the head injury, and the prognosis.94 Assessment of motor
impact of prehospital care on the outcome in these patients. Mulfunction should be performed on the extremity that responds best.
tiple studies have demonstrated an association between prehospiThe limb affected by neurologic injury is examined, but the result
tal endotracheal intubation and mortality of patients with severe
is not considered in the GCS.
brain trauma.97,98 In a large multicenter retrospective study, Davis
Dilatation and sluggish response of the pupil is a sign of comet al.99 found that patients with GCS ≤8, in whom endotracheal
pression of the oculomotor nerve by the medial portion of the
intubation was attempted at the accident site, had a higher mortemporal lobe (uncus). A maximally dilated and unresponsive
tality than those who were not intubated until arrival at the emer“blown” pupil suggests uncal herniation under the falx cerebri.
The presence of similar indings in ocular injuries makes inter- 9 gency room (adjusted odds ratio of 2.91; P <.01). The authors
speculated that this may result from physiological insults during
pretation of pupillary indings dificult when eye and head injuries
intubation (elevated ICP, oxygen desaturation, or inadvertent
coexist. However, the pupillary reaction to light is usually more
postintubation hyperventilation and cerebral hypoperfusion with
sluggish in the head-injured patient.
ischemia) and concluded that there may be no beneit to prehosCT scanning is used for the diagnosis of most acute head
pital endotracheal intubation.
injuries. Positive CT indings after acute head injury include
Normalization of the ICP has been shown to reduce mormidline shift, distortion of the ventricles and cisterns, effacetality.100 Effective reduction in ICP can be provided, or at least
ment of the sulci in the uninjured hemisphere, and the presence of a hematoma at any location in the cranial vault. Subduaided, by administration of mannitol, an important part of the
ral hematomas usually have a concave border, whereas epidural
management of severe head injury. It is administered in boluses
hematomas present with a convex outline classically termed a
of 0.25 to 0.5 g/kg and repeated every 4 to 6 hours as needed to
lenticular coniguration. Patients in severe coma (GCS <8) have
control the ICP.91 Higher doses, up to 2 g/kg, are recommended
a 40% likelihood of an intracranial hematoma. Those with
by some authors.101 In addition to its osmotic diuretic effect, this
higher GCS scores are less likely to have had intracranial bleedagent may improve cerebral blood low (CBF) and O2 delivery by
ing although it is evident that the signiicant incidence of this
reducing the hematocrit and thus the blood viscosity, improving
complication even in these patients necessitates a CT study, prefCBF and oxygen delivery.91 There is a risk of hypovolemia and
erably with contrast enhancement. Other beneits of CT scanresultant hypotension when therapeutic doses of mannitol are
ning include detection of intracranial air and depressed skull
used. If the ICP elevation persists, additional doses of mannitol
fractures.
should be given cautiously. Acute mannitol toxicity, manifested
by hyponatremia, high serum osmolality, and a gap between calculated and measured serum osmolality >10 mOsm/L, may result
management
when the drug is given in large doses (2 to 3 g/kg) or to patients
with renal failure. Mannitol should be used with great care in
The primary objective of the early management of brain trauma
the presence of hypotension, sepsis, nephrotoxic drugs, or preis to prevent or alleviate the secondary injury process that may
existing renal disease, because these may also precipitate renal
follow any complication that decreases the oxygen supply to
failure.91 Further, the effects of mannitol result from its activity
the brain, including systemic hypotension, hypoxemia, anemia,
in regions of the brain where the blood–brain barrier is intact.
raised ICP, acidosis, and possibly hyperglycemia (serum gluIt may exacerbate edema in injured areas in which it may easily
cose >200 mg/dL). These insults cause exacerbation of traumaenter the tissues.
induced cerebral ischemia and metabolic derangements, worsen8 ing the outcome.95,96 The most important therapeutic maneuvers
The addition of relatively small volumes of hypertonic
saline in concentrations between 3% (6 to 8 mL/kg) and 7.5%
in these patients are aimed at normalizing ICP, CPP, and oxygen
(4 mL/kg) followed by infusion of LR may be beneficial in muldelivery. The Brain Trauma Foundation and the American Assotiple trauma patients with head injury.102 In addition, hyperciation of Neurological Surgeons have published evidence-based
tonic saline (15% solution), in bolus doses of 0.42 mL/kg, is
guidelines for the treatment of head-injured patients.91 Primary
as efficacious as mannitol for initial therapy of elevated ICP
therapy includes normalization of the systemic blood pressure
in this patient population.101 Like mannitol, hypertonic saline
(mean blood pressure >80 mm Hg) and maintaining the PaO2
draws fluid from the intracellular space and, thus, in addi>95, the ICP <20 to 25 mm Hg, and the CPP 50 to 70 mm Hg.
tion to restoring the blood volume, it reduces brain edema
Maintaining the CPP at levels above 70 mm Hg, the former stanand prevents elevation of the ICP.103 On the other hand,
dard, is no longer advised because it may be associated with an
hypertonic saline may, also like mannitol, increase edema in
increased incidence of ARDS.91 The patient is kept at 30-degree
the injured region of the brain.104 The intravascular volume
head elevation, sedation and paralysis are given as necessary, and
expansion produced by hypertonic saline is transient. It can
cerebrospinal luid is drained through a ventriculostomy catheter
be prolonged by addition of 6% dextran-70 or hetastarch to
if available. Rapid and adequate restoration of the intravascular
the solution. However, administration of hypertonic saline
volume with isotonic crystalloid and, if necessary, with colloid
cannot be maintained for long periods. It may cause hypersolutions should be aimed at maintaining the CPP between 50
natremia, hyperosmolality, or hyperchloremic acidosis, proband 70 mm Hg while attempting to minimize further brain swellably from renal bicarbonate loss secondary to increased levels
ing. Lactated Ringer’s (LR) solution, which is slightly hypotonic
of chloride (Cl– ). Serum concentrations of sodium (Na+) and
(Na+ = 130 mEq/L, osmolality ∼255 mOsm/L), may promote
Cl– and the patient’s acid–base status should be followed, and
swelling in uninjured areas of the brain if it is given in large quanthe administration of hypertonic saline should be discontintities. Edema tends to occur in injured brain regions regardless
ued if plasma Na+ reaches 160 mEq/L. Because of these considof the type of solution administered because of increased permeerations, and the fact that there has been no standardization
ability of the blood–brain barrier. To minimize edema formation,
of the concentration, the dose, or the duration of treatment,
it is wise to monitor serum osmolality and to replace LR soluthe use of hypertonic saline should still be considered experition with isotonic normal saline. If serum osmolality cannot be
mental therapy.91,105 Resuscitation with colloid solutions (hetmeasured, this change can be made empirically after 3 L of LR
astarch, pentastarch, pentafraction, human albumin 5% and
solution.
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FIgURE 52-6. Effects of hyperventilation on cerebral blood flow
(CBF). The left image is a computed tomography scan of the patient
whose positron emission tomography scans are shown in the other
two images. Note that there is a significant decrease in the CBF and an
increase in the areas of hypoperfusion despite improvement in the intracranial pressure (ICP), and normal SjvO2 (jugular venous oxygen saturation), and AVDO2 (arteriojugular venous difference of oxygen). CPP,
cerebral perfusion pressure. (Adapted with permission from Coles JP.
Regional ischemia after head injury. Curr Opin Crit Care. 2004;10:120.)

dural hematomas, is an important factor in reducing morbidity
and mortality.
Over the past decade there has been much debate regarding optimal blood glucose in critically ill patients. Brain-injured
patients are unique members of this group because brain metabolism is altered by the injury and is heavily dependent on glucose.
Hypoglycemia (<40 gm/dL), which may cause metabolic crisis,
and hyperglycemia (>200 gm/dL) can cause detrimental effects
through excitotoxicity, oxidative stress, and inlammatory cytokine release. Tight insulin control therapy (80 to 110 mg/dL) has
been associated with episodes of hypoglycemia. As a result, the
current recommendations are to maintain glucose levels of 110
to 180 mg/dL.110
Nearly 75% of severely brain-injured patients expire within the
irst 3 days from the initial trauma. Many of the survivors will later
succumb to non-neurologic organ dysfunction involving pulmonary failure and cardiac impairment, which may be related to sympathetic hyperactivity. β-blocker therapy has been proposed as a
treatment that may be beneicial in these patients.111 The optimal
agent, the dose level, the timing, and the duration of treatment,
however, remain to be determined.
If the patient is hemodynamically stable, a CT scan is performed. The strictest attention should be paid to ensure adequate
oxygenation, ventilation, blood pressure, and ICP control during the procedure. If the patient is hemodynamically unstable
or requires emergency surgery for associated injuries and has a
history suggesting a head injury, even though a signiicant intracranial hematoma is unlikely on clinical grounds, intraoperative
ICP monitoring is indicated to permit rapid detection of ICP
elevation. Both intracranial hematomas and hemorrhage in other
regions have a high surgical priority. In the multiple trauma victim, prioritization between the two is based on the severity of each
injury. Because there is no time to obtain a CT scan of the head
in patients with both profuse hemorrhage and brain herniation,
the patient is brought directly to the OR for simultaneous control
of the bleeding site and evacuation of the intracranial hematoma.
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25%, or dextran) provides a sustained improvement in vital
signs, but the increase in colloid osmotic pressure produced
by these solutions may not have an important role in reducing
brain edema.
Hyponatremia in these patients results from intravascular
volume expansion rather than sodium loss; thus treatment with
saline solutions is not appropriate. Because of a synergistic action
between mannitol and loop diuretics in improving the ICP, addition of furosemide may be a safer and more effective treatment
than increasing the dose of mannitol when intracranial hypertension persists. Until about 1995, hyperventilation to a PaCO2 of
25 to 30 mm Hg was a mainstay of the therapy of head injury.
However, brain ischemia, which is probably the most threatening consequence of head injury, is likely to occur during the irst
6 hours after trauma even when the CPP is maintained above
the generally recommended 50 to 70 mm Hg.106 This hypoperfusion seems to be caused largely by increased cerebral vascular
resistance, which may be enhanced by hyperventilation. However, some degree of hyperventilation may be necessary for short
periods of time in patients who have severe injuries and elevated
ICP that does not respond to normal ventilation and diuretics,
although this should not be used during the irst 24 hours following injury.91 Its use after the initial phase should be based on
monitoring of the ICP and, if available, the jugular venous oxygen saturation (SjvO2) and arteriojugular venous difference of
oxygen (AVDO2). It should be noted that hyperventilation in the
severely brain-injured patient may also be associated with acute
lung injury.107
Measurement of the SjvO2 is used in some centers as a guide
to therapy of the head-injured patient.108 A catheter is passed
retrograde into the jugular bulb under luoroscopic control.
The O2 saturation may be measured with a co-oximeter or
continuously by means of a iberoptic sensor.108 An SjvO2 of
<50% is considered critical desaturation. The AVDO2 is a standard measure of the brain’s oxygen supply to demand ratio.
It is equal to 1.34 × Hgb × (SaO2 − SjvO2) (the saturations are
expressed as decimal values), and normally is approximately 6.
An increase in this value is a sign of insuficient blood low,
whereas a subnormal level indicates hyperemia. A reduction in
ICP with elevation of CPP during treatment is relected by a rise
in SjvO2 and a narrowing of the AVDO2, presumably relecting
an improvement in the circulation to the brain. Unfortunately,
several shortcomings of the technique have hindered its universal acceptance. Because all of the cerebral veins drain into the
cavernous sinus and from there into the jugular bulbs, AVDO2
measures only global O2 consumption, which may well be
very different from the situation in the injured region. Indeed,
Coles106 has demonstrated by positron emission tomography
(PET) scanning that a signiicant increase in the region of
critical hypoperfusion resulting from hyperventilation was not
necessarily associated with a correspondingly abnormal SjvO2
or AVDO2 (Fig. 52-6). Patient or catheter movement may also
alter the measured jugular bulb venous oxygen tension. Thus,
there may be a high proportion of inaccurate values—as high as
nearly two-thirds—although recent advances in the technique
have probably reduced these errors. Cruz109 has suggested that
jugular venous monitoring should be used only in sedated,
paralyzed patients.
If the ICP remains elevated despite all of these measures, pentobarbital (3 to 10 mg/kg given over 0.5 to 2.5 hours, followed by
a maintenance infusion of 0.5 to 3.0 mg/kg/hr, aimed at a serum
concentration between 2.5 and 4.0 mg/dL) may be required.
High-dose barbiturates are of no value in the routine therapy of
head injury and should be used only for refractory ICP elevation.
Of course, immediate surgical decompression, especially of epi-
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TAbLE 52-8. six-month outComes for Patients with brain injury in various studies
6-Month Outcome (%)
No. of
Patients

Year
Published

Good/
Moderate

Severe/
Vegetative

Dead

Three-country (Jennett
et al.a)
Miller et al.b

700

1977

38

11

51

Various treatments, some untreated

158

1981

47

12

40

Traumatic Coma Data
Bank (TCDB)c
TCDBc

717

1997

43

20

37

Vent, surgery, ICP monitoring,
hyperventilation, and Rx
Total patients, standard therapy

308

1997

54

19

27

56
1,508

2000
2002

70
69

14
11

16
20

129

2002

63

13

20

Name of Study

Palmer et al.115
Rudehill et al.112
Patel et al.117

Comments

Patients without hypotension or
hypoxia
1995 BTF Guidelines
Standard protocol, early
management
NCCU Protocol

ICP, intracranial pressure; BTF, Brain Trauma Foundation; Rx, other treatment; NCCU, neurosurgical critical care unit.
Results of various treatment protocols for brain injuries. The three-country study surveyed patients who had received a wide variety of treatment; some were untreated.
Miller et al. relied on hyperventilation and, when necessary, barbiturates. The TCBD patients were treated similarly; note the difference in outcome of the patients who
did not experience hypotension or hypoxia (see Table 52-6). The inal three studies are described in the text.
a
Jennett B, Teasdale G, Galbraith S. Severe head injuries in three countries. J Neurol Neurosurg Psychiatry. 1977;40:291.
b
Miller JD, Butterworth JF, Gudeman SK, et al. Further experience in the management of severe head injury. J Neurosurg. 1981;54:289.
c
Prough DS, Lang J. Therapy of patients with head injuries: Key parameters for management. J Trauma. 1997;42(Suppl):10S.

The site of the craniotomy can be determined by a ventriculogram or an ultrasound examination with a pencil-tip probe; both
tests may be performed under local anesthesia through a frontal
burr hole.
It may be possible to improve the outlook for brain-injured
patients:
1. The earlier deinitive treatment is initiated, the better the
outcome is likely to be. Rudehill et al.112 have demonstrated
improvement in outcomes in a large series of patients
when care was initiated by anesthesiologists at the accident
scene.
2. Meanwhile, the wide variety of types and severities of injury
and of responses to treatment—both among different
patients and in the same patient at different times—imply
that therapeutic interventions must be individualized.113,114
These aims may be met, at least partly, by carefully structured intensive care.115,116 Therapeutic goals should be set
explicitly and reviewed, and altered if necessary, at every
change of shift.
Indeed, early intervention and controlled management may
explain much of the improvement in outcomes that has been
obtained over the past 15 years, including the results obtained by
Patel et al.117 and by Palmer et al.115 using strict protocol driven
therapies (in the latter case, the 1995 Brain Trauma Foundation
Guidelines) (Table 52-8).

Spine and Spinal cord injury
initial evaluation
The objective in the evaluation of spinal trauma is to diagnose
instability of the spine and the extent of neurologic involvement.
Not stabilizing the spine in the irst hours after a major accident

until a deinitive diagnosis is established carries the risk of converting a neurologically intact patient into a para- or quadriplegic.
During transport to the hospital, the patient should be immobilized with a hard collar, a spine board, and tape. After admission,
patients should not be left on a rigid spine board for longer than
1 hour, especially when they are paralyzed, because of the risk of
decubitus ulcers.
In the conscious patient, the diagnosis is relatively easy:
a history of a motor vehicle, industrial, or athletic accident,
an act of violence, or a fall; penetrating trauma resulting in
a neurologic deicit below a speciic spinal level; or pain and
tenderness over the involved vertebrae strongly suggest a
spine injury. It should be noted, however, that spinal pain is
not always localized to the level of injury.118 Obviously, these
symptoms are dificult to elicit in the comatose patient. In
these circumstances, laccid arelexia, loss of rectal sphincter
tone, paradoxical respiration, and bradycardia in a hypovolemic patient suggest the diagnosis. In cervical spine trauma,
an ability to lex but not to extend the elbow and response
to painful stimuli above but not below the clavicle also indicate neurologic injury. Current guidelines consider absence
of neck pain or paresthesia and a negative physical examination—lack of tenderness with palpation and during voluntary
lexion and extension of the neck—in a neurologically intact,
conscious patient as adequate indications for ruling out a cervical spine injury without further radiologic studies. Alcohol
intoxication and distracting associated injuries do not seem to
alter these criteria as long as the patient is alert, conscious, and
able to concentrate. A large meta-analysis of obtunded trauma
patients demonstrated that modern multislice helical CT
imaging is suficient to detect unstable cervical spine injuries.
However, this approach may still miss some patients at risk for
subsequent cervical cord insult.119
Depending on the degree of deicit, spinal cord injuries are
categorized as complete or incomplete. Intact sensory perception
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initial management
The spinal cord, a microcosm of the brain, is also vulnerable to
a secondary injury process that may be a product of hypotension, hypoxia, and probably other physiologic complications.120
Prompt recognition and aggressive treatment of these insults,
which may also result from associated trauma, may minimize
exacerbation of spinal cord lesions and improve the long-term
outlook of these patients.95,121

Immobilization and Intubation
Maintenance of immobilization of the injured spine is of paramount importance. If a cervical spine fracture is suspected, immobilization or manual inline stabilization of the neck is necessary
before the patient is moved. If the patient has a thoracic or lumbar injury, a careful log-rolling maneuver should be used.120,122
About one-third of paraplegic patients require airway management, mostly within the irst 24 hours after injury. Signs of respiratory distress or fatigue, or a rising respiratory rate or PaCO2, are
major indications for ventilatory assistance. Severe bradycardia
or dysrhythmias may result from unopposed vagal activity during tracheal intubation or suctioning: the patient must be preoxygenated and atropine (0.4 to 0.6 mg) should be given before any
instrumentation. If bradycardia develops during airway management, treatment includes additional atropine, glycopyrrolate, isoproterenol, or, if necessary, cardiac pacing.
The techniques of intubation in spine-injured patients are
discussed in the “Airway Management” section.

ment in motor function in treated patients who had partial sensory and motor loss. However, the indings of these studies have
not been duplicated in any other prospective or retrospective
trials125 and have been criticized because of multiple major
deiciencies in the analysis of the data.
Furthermore, steroid therapy is associated with an increased
rate of sepsis, pneumonia, and days of intensive care and positive
pressure ventilation126 and is also associated with increased mortality in the 36% to 74% of patients with spine injuries who also
have head injuries.127 Because of these indings, most centers have
abandoned the use of steroids in spinal cord–injured patients.
Systemic hypothermia, minocycline, riluzole, and magnesium
are possibly effective therapies that are currently or will soon be
in clinical trials.128

Respiratory complications
Respiratory complications are common in all phases of the care
of spinal cord–injured patients and are the most frequent cause of
death in the acute stage.129,130 In the initial period, these problems
may be augmented by associated brain, neck, chest, or abdominal injury, alcohol intoxication, or the effects of self-administered
or iatrogenic drugs. Injuries at C5 or lower are usually associated with normal tidal volumes because the function of the diaphragm is intact, whereas patients with injuries at C4 or above
may require permanent ventilatory assistance. Nevertheless,
accessory respiratory muscle paresis may cause a signiicant loss
of expiratory reserve even when the injury involves the lower spinal segments.131,132 Pulmonary edema is another signiicant cause
of respiratory dysfunction. A severe catecholamine surge follows
acute trauma to the spinal cord.133 Although the resultant severe
hypertension lasts for only a few minutes, its effects persist. It may
produce both pulmonary capillary damage, as a result of shifting
of a large portion of the blood volume into the pulmonary circulation, and left ventricular dysfunction. Overzealous luid therapy
to treat the patient’s initial hypotension may lead to acute pulmonary edema when the sympathetic activity returns approximately
3 to 5 days after the injury.
Paradoxical respiration in the quadriplegic patient results
from partial chest wall collapse during inspiration. It may produce limitation of the tidal volume and an increased risk of
hypoventilation.132 The situation is aggravated when the patient
is in an upright position. The diaphragm cannot maintain its
normal domed shape, the only way it can contract eficiently,
because the weight of the thoracic contents is not opposed by
the normal tone of the abdominal muscles. Thus, in contrast to
other diseases that produce respiratory insuficiency, the supine
position improves respiration in persons with quadriplegia
(Fig. 52-7).132
Other causes of inadequate respiration in the early phase of spinal cord injury are aspiration of gastric contents, atelectasis, pneumonia, and bronchoconstriction. Management includes careful
observation of the patient’s breathing and preparation to ventilate
the lungs and intubate the trachea at the irst sign of respiratory
depression.132

hemodynamic management
Steroids
Since the early 1990s, high-dose methylprednisolone has been
used in many centers in an attempt to improve the outcome from
spinal cord injuries. The drug is given as a bolus of 30 mg/kg
within 8 hours of injury, followed in 1 hour by an infusion of
5.4 mg × kg−1 × hr−1 for the next 23 to 47 hours. The National
Acute Spinal Cord Injury Studies123,124 indicated some improve-

Hemodynamic management of quadriplegic patients includes a
complete assessment, with a pulmonary artery catheter if necessary, as early as possible after injury. In as many as 25% of patients
with cervical spinal cord injuries, left ventricular dysfunction may
contribute to the hypotension.134 There is evidence to support the
maintenance of mean arterial pressure >85 mm Hg.135 Decreased
preload can be treated with luid infusion using cardiac function
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over the sacral distribution and voluntary contraction of the
anus (sacral sparing) are present in incomplete, but not in complete, injuries. There is practically no possibility of signiicant
neurologic recovery in complete injury, whereas functional
restoration may occur in up to 50% of patients after incomplete injuries. In some patients the development of spinal shock,
which is manifested by absolute laccidity and loss of relexes,
precludes distinguishing between complete and incomplete
injuries during the initial phase of treatment. Therefore, even
in the absence of sacral sparing, the possibility of neurologic
recovery dictates that all possible efforts be made at this time to
prevent further damage and to preserve cord function. A similar
principle applies to the evaluation of the level of injury. After
the irst few days, spinal cord edema subsides and the inal level
is commonly a few segments lower than on initial presentation.
Thus, early therapeutic efforts should not be abandoned even in
the patient with a high-level injury, which carries a grim functional prognosis.
Spinal shock is probably caused by direct trauma to the spinal
cord and usually subsides within days to weeks. The term is frequently used as a misnomer for neurogenic shock, which is deined
as hypotension and bradycardia caused by the loss of vasomotor
tone and sympathetic innervation of the heart as a result of functional depression of the descending sympathetic pathways of the
spinal cord. It is usually present after high thoracic and cervical
spine injuries and improves within 3 to 5 days.
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FIgURE 52-7. Effect of semi-Fowler’s position on ventilation in quadriplegic patients. (Reprinted with permission from Winslow C, bode RK,
Felton D, et al. Impact of respiratory complications on length of stay
and hospital costs in acute cervical spine injury. Chest. 2002;121:1548.)

curves as a guide. In general, volume may be safely replaced to a
central venous or pulmonary capillary wedge pressure (PCWP) of
18 mm Hg.134 This avoids, or at least limits, the severity of the pulmonary edema described previously. Hypotension, despite adequate luid infusion, acidosis, or low mixed venous PO2, requires
treatment with inotropes such as dopamine.
A recent review by Christie et al.136 indicates that these patients
frequently experience deep vein thrombosis, which may adversely
affect both hemodynamic and pulmonary function. The authors
recommend the initiation of low-molecular weight heparin therapy within 72 hours of the injury, which should be held on the
day of any surgical procedure.

anesthetic considerations
Any anesthetic technique compatible with the patient’s general
condition is satisfactory for the spinal cord–injured patient.
Hypotension is very common during anesthesia in quadriplegics.
Placement of a TEE or a central venous or pulmonary artery catheter may facilitate management of the patient’s volume and blood
pressure status.
Succinylcholine may produce a sudden, severe increase in
serum K+ in spine-injured patients. Levels as high as 14 mEq × L−1
may be reached: the result may be irreversible ventricular dysrhythmias and cardiac arrest. Although succinylcholine is probably safe
during the 4 to 7 days after injury, it is probably best to avoid it altogether in the paraplegic patient and to use rapid-onset nondepolarizing agents such as rocuronium when a rapid-sequence induction
is required.

neck injury
Both penetrating and blunt trauma may injure the major structures in the neck, vessels, respiratory and digestive tracts, and
nervous system. Hemorrhage, asphyxia, mediastinitis, paralysis,
stroke, or death may result if these injuries are not promptly recognized and treated.
Penetrating neck injuries usually present with obvious clinical
manifestations; blunt cervical trauma may be more subtle. Air-

way compromise or obstruction, brisk bleeding from the wound
site, an expanding pulsatile hematoma, and shock with or without external bleeding are obvious signs of cervical vascular injury
and dictate immediate airway management and vascular control.
Decreased or absent upper-extremity or distal carotid pulses, as
well as carotid bruit or thrill, are pathognomonic for cervical arterial injury. Hemothorax, pneumothorax, and signs of air embolism are also suggestive. Respiratory distress, cyanosis, or stridor
are obvious signs of airway injury and require immediate tracheal
intubation. Other signs that strongly suggest airway injury are
dysphonia, hoarseness, cough, hemoptysis, air bubbling from the
wound, subcutaneous crepitus, and laryngeal tenderness. Because
of their dynamic nature, cervical airway injuries may rapidly progress to obstruction. The patient, therefore, should be observed
carefully and the trachea intubated at the irst sign of problems.
Esophageal injuries, whether in the neck or the chest, are
insidious and dificult to diagnose. Dysphagia, odynophagia,
hematemesis, subcutaneous crepitus, prevertebral air on a lateral
cervical radiograph, and major concomitant injuries to other cervical structures suggest an esophageal injury and call for conirmation with an esophagram.
The neurologic manifestations of a penetrating neck injury
vary depending on the injured structure. Partial spinal cord
transection produces Brown-Sequard syndrome with ipsilateral
motor and contralateral sensory deicit below the injury. Complete spinal cord transection, depending on the level of injury,
produces paraplegia or quadriplegia, usually with neurogenic
shock. Occasionally, luminal occlusion of the carotid and vertebral arteries may lead to a hemispheric cerebrovascular accident;
associated hypotension increases the likelihood of this event.
Patients with severe active bleeding, persistent hypotension,
and air bubbling through the wound require immediate surgery
without further diagnostic studies.137 Controversy exists over
the indications for surgical management of stable penetrating
neck injuries. Mandatory exploration is associated with negative indings in approximately 70% of patients.137 Thus, in many
centers, patients are evaluated with noninvasive diagnostic tests
and undergo surgery only when there are positive indings.137
A prospective multicenter study showed that clinical signs and
symptoms often reliably indicate the cervical structures injured
and prevent unnecessary imaging, and if imaging is needed, multidetector CT is a highly sensitive and speciic screening tool.138
Blunt cervical vascular injuries usually present with a hematoma that may compress the cervical veins, displace the airway,
and produce pharyngeal and laryngeal congestion. Injury to an
artery may produce an intimal tear, pseudoaneurysm, istula, or
thrombosis. If a carotid or vertebral artery is involved, cerebral
ischemia may occur. Often thrombosis develops gradually over
minutes to a few hours, thus the appearance of neurologic symptoms is delayed in approximately 40% of patients. Symptomatic
patients may present with a cervical bruit, altered mental status,
or lateralizing neurologic deicits, including hemiparesis, transient ischemic attacks, amaurosis fugax, or Horner syndrome.
The mortality rate associated with blunt carotid injury varies
between 15% and 28%, and 15% to 50% of survivors have neurologic deicits.139 Identiication of a blunt or penetrating carotid
injury in an asymptomatic patient using ultrasound, CT, or
CT angiography not only allows early institution of antiplatelet
therapy, systemic anticoagulation, endovascular intervention,
or surgical repair,139,140 but also occasionally prevents the neurologic deicits that may follow surgery for associated injuries in an
unprotected patient.
Airway injuries after blunt trauma are rare but carry an overall
mortality rate of 2%.137 Their severity varies from a simple mucosal tear or hematoma to a comminuted laryngeal cartilage fracture
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Rib, scapula, and sternal fractures, in addition to interfering with
adequate respiration, may be associated with severe underlying
thoracic, abdominal, cranial, and skeletal injuries. The management principles for these injuries are similar to those previously
described for lail chest, although the need for mechanical ventilation is less likely in single rib fractures treated with systemic
analgesics than in a lail chest. Effective pain relief, preferably with
continuous thoracic epidural anesthesia or paravertebral or intercostal block, is central to management.141

a traumatic pneumothorax, no matter how small, should be
treated with thoracostomy drainage before tracheal intubation
and positive-pressure ventilation.
Bleeding intercostal vessels are responsible for most hemothoraces. Severe airway deviation may be produced by a hemothorax, although it is not as common as it is after a pneumothorax. Treatment consists of drainage with a 30 to 40F catheter
chest tube (26 to 32F catheter is used for pneumothorax). Initial
drainage of 1,000 mL of blood or collection of >200 mL/hr for
several hours is an indication for thoracotomy. Retained clotted blood after tube thoracostomy may be treated conservatively
with intrapleural ibrinolytic agents.146 Additional indications
for thoracotomy are a “white lung” appearance on the anteroposterior chest radiograph or a continuous major air leak from
the chest tube, which may result from a direct airway injury or
major lung laceration. Hemodynamically stable patients with
persistent bleeding of <150 mL/hr are often managed with videoassisted thoracoscopic surgery (VATS) to control bleeding,
which requires collapse of the lung on the involved side using
a double-lumen tube or a bronchial blocker. VATS can also be
useful in diagnosis of suspected diaphragmatic or mediastinal
injuries, evaluation of some bronchopleural istulas, and evacuation of clotted blood or an empyema that does not drain with a
chest tube or respond to intrapleural ibrinolytic therapy.146 Use
of VATS decreases the need for open thoracotomy and the number of negative explorations in stable trauma patients.147

pleural injury

pulmonary contusion

chest injury
Although a high percentage of thoracic injuries can be treated
conservatively, patients who need surgery may have major intraoperative physiologic disturbances.

chest Wall injury

3 Closed pneumothorax is easy to miss in major trauma. The presence of subcutaneous emphysema, pulmonary contusion, and rib
fractures should draw suspicion of coexisting pneumothorax.142
Tension pneumothorax involving >50% of a hemithorax presents
with dyspnea, tachycardia, cyanosis, agitation, diaphoresis, neck
vein distention, tracheal deviation, and displacement of the maximal cardiac impulse to the contralateral side.
Although an upright plain chest radiograph provides the
best opportunity for detection of pneumothorax, this position may be impossible or contraindicated in patients who
are experiencing major hemorrhage or those with suspected
spine injury. Air in the pleural space tends to accumulate in
the anteromedial sulcus irst, and then in lateral and caudal
regions, often producing hemodynamic alterations and the
“deep sulcus sign” on the anteroposterior chest radiogram in
supine or semirecumbent patients. Transthoracic ultrasound
may be used for the emergency diagnosis of pneumothorax.
Normally, movement of the lung beneath the chest wall produces “comet tail” artifacts from echo-dense areas on the lung
surface. In the presence of pneumothorax, neither lung motion,
nor sliding, nor comet tails can be seen. In one study of blunt
and penetrating trauma victims, ultrasound was more sensitive
than a supine chest ilm but did not detect all pneumothoraces.
Further, ultrasound detection of rib and sternal fractures also
appeared to be more accurate than the chest radiograph. It was
recommended that a chest ilm and the ultrasound can complement each other, but that chest CT be used as the deinitive
test.36 Ultrasound examination may also be helpful in detecting residual pleural air after placement of thoracostomy tube,
pulmonary embolism, pneumonia, and hemothorax.143 It has
been suggested that a small closed pneumothorax can be safely
managed by observation alone without a chest tube even in
those patients who require positive-pressure ventilation as long
as continuing vigilance is maintained.144,145 Based on the most
recent Advanced Trauma Life Support recommendation145 and
our own experience, we strongly believe that once diagnosed,

Pulmonary contusion often accompanies chest wall injury, but
may also develop in isolation. Its management is discussed in the
“Management of Breathing Abnormalities” section.

penetrating cardiac injury
Pericardial tamponade, cardiac chamber perforation, and istula
formation between the cardiac chambers and the great vessels
are the consequences of a penetrating cardiac trauma. Any penetrating wound of the chest, especially one within the “cardiac
window” (midclavicular lines laterally, clavicles superiorly, and
costal margins inferiorly), can cause this injury. These injuries are often fatal at the scene, especially if they are gunshot
rather than stab wounds and involve the right rather than the
thicker walled left ventricle. Because of the dynamic nature of
cardiac injuries and the risk of sudden hemodynamic deterioration, these patients must be transported directly to the OR and
immediate sternotomy or left thoracotomy must be performed
as soon as the injury is suspected. Emergency cardiopulmonary bypass may be needed. Pneumopericardium visible on a
plain chest radiograph after penetrating chest trauma should
increase the suspicion, although it is not seen in all patients.
Transthoracic echocardiography can be used for screening stable patients, but it may be inconclusive in obese patients and in
those with pneumothorax. TEE provides an accurate diagnosis
in these patients, but it is impractical during the initial evaluation phase of trauma.148 Of the alternative diagnostic measures,
the central venous pressure (CVP) is not always accurate, and a
subxiphoid pericardial window is invasive, must be performed
in the OR under general anesthesia, takes longer, and cannot
detect an intracardiac shunt.

pericardial tamponade
Both penetrating and blunt trauma can cause hemopericardium.
The classic indings of pericardial tamponade—tachycardia,
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or complete cricotracheal separation (see Table 52-1). They frequently require primary laryngeal repair or tracheostomy. Anesthetic management is not only complicated by relatively complex
airway management problems29,32 (discussed in the “Airway
Evaluation and Intervention” section), but also with associated
skull base, intracranial, open neck, cervical spine, esophageal, or
pharyngeal injuries.137,141
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hypotension, distant heart sounds, distended neck veins, pulsus
paradoxus, or pulsus alternans—are difficult to appreciate or may
be absent in a hypovolemic trauma patient. A chest radiograph
may reveal a globular heart, although this sign is often not appreciated. Transthoracic echocardiography with placement of the
probe in the subxiphoid region, which is part of FAST, or intraoperative TEE can demonstrate blood in the pericardial sac and
the presence of ventricular diastolic collapse, which indicates at
least a 20% reduction in cardiac output.
Initial management consists of evacuation of the pericardial blood by ultrasound-guided pericardiocentesis or surgery
as soon as possible. Even a small amount of blood drainage
improves hemodynamics. Intracardiac volumes should be optimized with intravenous fluids. If anesthesia is contemplated
for surgery, ketamine or etomidate, which produce relatively
little myocardial depression, is preferred. Administration of
anesthesia should be delayed until draping and preparation are
completed. Patients in extremis with penetrating trauma-related
pericardial tamponade may be candidates for ED thoracotomy.
Rarely, laceration of the pericardium may permit complete or
partial herniation of the heart through the defect with catastrophic consequences. Immediate thoracotomy and reduction
of the heart is indicated.

Blunt cardiac injury
10 The term blunt cardiac injury has replaced myocardial contusion
and encompasses varying degrees of myocardial damage, coronary artery injury, and rupture of the cardiac free wall, septum,
or a valve following blunt trauma.149 Myocardial injury consists
of myofibrillar disintegration, edema, bleeding, or necrosis that,
depending on its severity, presents as minor electrocardiogram
(ECG) or enzyme abnormalities, complex arrhythmias, or cardiac failure caused by direct mechanical impact or indirectly by
coronary occlusion. Arrhythmias last no more than a few days.
Ventricular wall motion abnormalities may persist for up to 1
FIgURE 52-8. Algorithm for management of various clinical scenarios
produced by severe blunt cardiac injury (BCI). Evaluation of severe multiple trauma-induced BCI uses electrocardiogram (ECG), troponin I, and
transesophageal echocardiography
(TEE). Arrows represent the frequency of occurrence of each scenario
and the frequency of management
measures. Thick arrows represent
high frequency, thin arrows low frequency, and dotted arrows very rare
occurrences. CABG, coronary artery
bypass graft; HFJV, high-frequency
jet ventilation. (Adapted with permission from Orliaguet G, Ferjani M,
Riou B. The heart in blunt trauma.
Anesthesiology. 2001;95:544.)

year, but any increased risk of perioperative cardiac complications appears to last for no more than 1 month.
The prominent clinical findings are angina, sometimes responding to nitroglycerin, dyspnea, chest wall ecchymosis and/or fractures; dysrhythmias of any type; and right-sided or left-sided congestive heart failure. Orliaguet et al.149 proposed an algorithm for
the diagnosis and treatment of several clinical scenarios caused by
this injury (Fig. 52-8). The diagnosis is based on the 12-lead ECG,
troponin I level, and echocardiography. The ECG is very sensitive,
although not specific. A normal trace cannot rule out the diagnosis, but it is the best screening test. Common ECG abnormalities
include almost any type of arrhythmia, ST- or T-wave changes, and
conduction delays. Patients with a normal ECG undergoing minor
surgery do not require any further testing. Patients with severe
injuries need measurement of troponin I and TEE to diagnose any
abnormalities caused by the cardiac injury (Fig. 52-8). Echocardiography can demonstrate wall motion abnormalities, valve malfunction, hemopericardium, intracardiac thrombi, venous or systemic embolism, and end-diastolic and fractional ventricular wall
area changes. It thus aids not only in the diagnosis of blunt cardiac
injury, but also in hemodynamic management. Treatment options
depend on the diagnosis (Fig. 52-8). They include antiarrhythmic
agents, inotropes, fluid loading, high-frequency jet ventilation to
optimize cardiac function, and surgery for hemopericardium, valvular or septal lesions, or coronary artery injury or disease.
Valvular injuries present as insufficiency of the aortic, mitral,
or tricuspid valves. Acute traumatic insufficiency of the aortic and
mitral valves is poorly tolerated, increasing the ventricular wall
stress and rapidly progressing to pulmonary edema. Ventricular
septal defects can be recognized by increased pulmonary vascularity with a normal heart size on the chest radiograph. An atrial
septal defect is usually missed in clinical examination but may be
recognized by echocardiography.
Commotio cordis (agitated heart) is an entity characterized by
the development of sudden ventricular tachyarrhythmias, cardiac
arrest, and often death following a blow to the chest in young
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TAbLE 52-9. Common CliniCal, radiograPhiC, and ultrasound features of thoraCiC
aortiC injuries

Clinical

Radiographic

Increased arterial pressure and pulse
amplitude in upper extremities
Decreased arterial pressure and pulse
amplitude in lower extremities
Absent or weak left radial artery pulse
Osler’s sign: discrepancy between left
and right arm blood pressure
Retrosternal or interscapular pain
Hoarseness
Systolic low murmur over the precordium
or medial to the left scapula
Neurologic deicits in the lower
extremities

Widened mediastinum
Blurring of the aortic contours
Widened paraspinal interfaces
Left apical cap
Opaciied aortopulmonary window
Broadened paratracheal stripe
Displacement of the left mainstem bronchus
Displaced superior vena
cava
Rightward deviation of the
esophagus and trachea
Nasogastric tube shift
Left hemothorax
Sternal and/or upper rib fractures
Lung contusion
Pneumothorax

thoracic aortic injury
Penetrating trauma can injure any part of the thoracic aorta,
including its branches, to any extent. Blunt trauma, on the other
hand, most commonly causes damage at the isthmus, the junction between the free and ixed portions of the descending aorta,
which is just distal to the origin of the left subclavian artery. The
ligamentum arteriosum and left mainstem bronchus anchor the
isthmus, ixing it in relation to the proximal aorta and making it
vulnerable to traction forces and tearing. The presenting symptoms, signs, and radiographic and ultrasound indings are shown
in Table 52-9, although there may be no clinical indings or a
constellation of symptoms or signs in the ED. Only 20% to 30%
of patients with mediastinal widening actually have this injury.
Measuring the left mediastinal width (≥6 cm) and its fraction of
the total mediastinal width (≥0.6) may increase the speciicity and
positive predictive value of the plain ilm.151
Contrast-enhanced spiral CT with volume-rendered image
reconstruction techniques permits a reliable noninvasive diagnosis
and eliminates the need for biplanar aortography. Transesophageal
echocardiography is equally capable of diagnosing subadventitial
aortic injuries that require intervention.152 Lesions of the intima and
media and concomitant blunt cardiac injuries are also more likely
to be detectable by TEE than CT.152 However, CT, especially those
obtained with multidetector devices, is generally preferred for diagnosis because it provides an accurate diagnosis, and introducing a
TEE probe under these circumstances is impractical and probably
fraught with the danger of aortic rupture. Furthermore, many of
these patients have suspected craniofacial or esophageal injuries,
preventing introduction of the probe. TEE is especially useful for the
anesthesiologist intraoperatively when associated injuries require
immediate surgery without time for CT scanning of the chest.

Ultrasound

Mediastinal hematoma
Aortic wall irregularity
Intimal lap
False aneurysm
Pseudocoarctation
Intramural hematoma
Intraluminal clot or
medial lap

Intimal lap
Turbulent low
Dilated aortic isthmus
Acute false aneurysm
Intraluminal medial
lap
Hemothorax
Hemomediastinum

Traumatic aortic injury can be classiied into three categories: grade 1 injury consists of an intramural hematoma, limited
intimal lap and/or mural thrombus; grade 2 injury consists of
subadventitial rupture, injury to the media, altered aortic geometry, and/or small hemomediastinum; grade 3 injury consists
of transsection with massive blood extravasation and intraluminal obstruction, causing pseudocoarctation and ischemia
(Fig. 52-9).153

A

B

C

D

FIgURE 52-9. Typical transesophageal echocardiographic appearances of three grades of traumatic aortic injury. (a) Grade 3 injury.
Adventitia of the aortic wall is damaged and a false aneurysm (FA) is communicating (arrow) with the aortic lumen (Ao). (B) Grade 2 injury. Large
medial flap moves back and forth during each cardiac cycle. Adventitia
is intact (c, d) Grade 1 injury. Intimal flap (c) and intramural hematoma (d) (shown with arrows) without hemomediastinum or alteration
of aortic geometry. (Reprinted with permission from Goarin J-P, Cluzel
P, Gosgnach M, et al. Evaluation of transesophageal echocardiography
for diagnosis of traumatic aortic injury. Anesthesiology. 2000;93:1373.)
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people, most often during competitive or recreational sports.
The blow would have occurred during the 10- to 20-millisecond
period of the T-wave upstroke. Commotio cordis differs from
myocardial contusion because of the absence of any structural
cardiac injury. Treatment involves immediate deibrillation.150

Spiral Computed
Tomography

1512

Section Vii Anesthesia for Surgical Subspecialties

TAbLE 52-10. Change in the management
of blunt thoraCiC aortiC
injuries from 1997 to 2007

diagnosis
Aortogram
CT scan
TEE
REPAIR
Open
Endovascular
outcomes
Mortality
Paraplegia
All patients
Open repair
Endovascular
Renal failure
Repair site
complication

AAST1
N = 253

AAST2
N = 193

220 (87%)
88 (35%)
30 (12%)

16 (8%)
180 (93%)
2 (1%)

207 (100%)
—

68 (35%)
125 (65%)

53/241 (22%)

25/193 (13%)

18 (9%)
18 (9%)
0
18 (9%)
1/207 (1%)

2 (2%)
2 (3%)
1/125 (1%)
17 (9%)
25/125 (20%)

AAST1, American Association for the Surgery of Trauma 1997 Study; AAST2,
American Association for the Surgery of Trauma 2007 Study; TEE, transesophageal echocardiogram; CT, computed tomography.
Reproduced with permission from Demetriades D, Velmahos GC, Scalea TM,
et al. Diagnosis and treatment of blunt thoracic aortic injuries: Changing perspectives. J Trauma. 2008;64:1415.

Management strategies in the diagnosis and treatment of blunt
aortic injuries have gone through major changes during the past 10
years with substantially improved early outcomes (Table 52-10). In
the area of diagnosis, contrast-enhanced CT angiography has practically replaced aortography and TEE, whereas endovascular thoracic
aortic repair has replaced open surgery as the primary surgical treatment.154 Intraoperatively, patients undergoing endovascular repair with
a stent are monitored with contrast aortography and intravascular
ultrasound. Thus, aortography has not been completely eliminated.
Although currently the majority of blunt thoracic aortic injuries are managed using endovascular stents, repairs via the traditional open left thoracotomy are still occasionally performed. This
technique requires lung isolation with a double-lumen tube or a
bronchial blocker, partial heparinization, and, at times, partial left
heart bypass to decompress the left heart and perfuse the distal
aorta during a “clamp and sew” technique. A clamp is placed just
distal to the take off of the left subclavian artery. Although bleeding is excessive, mortality and morbidity, especially paraplegia or
renal dysfunction, are also very common with this technique.154,155
Endovascular aortic repair is minimally invasive and is associated with many fewer early complications such as paraplegia,
stroke, bleeding, or death than are encountered after open thoracotomy (see Table 52-10). An endoleak between the graft and the
vascular wall is one of the early recognized complications. A radial
artery cannula should be placed on the right side as sometimes
the left subclavian artery is covered by the stent. A central venous
catheter is placed for administration of vasoactive drugs. Embolization of aortic atheromas to the brain is one of the complications
of this procedure. TEE may help to image the atheroma prior to
stent deployment. During aortography and stent placement, ventilation may have to be stopped and the systemic blood pressure
may have to be lowered to a mean of 60 mm Hg.

The incidence of long-term graft complications is not known,
but it appears that the survival curves between open thoracotomy
and endovascular techniques converge at 2 years, and the rates of
aneurysm-related mortality converge at 6 years.155
Surgical prioritization when multiple injuries are present
depends on the hemodynamic and neurologic status of the patient.
Although the aorta should be repaired as early as possible, control
of active hemorrhage from other sites and surgery for intracranial hematomas have a higher surgical priority, unless the aorta
is leaking. In most instances, a blood clot between the aorta and
the mediastinal pleura occludes the vessel. Any disturbance of the
tamponaded region may reinitiate bleeding. A rapid low of blood
in a large artery tends to pull its endothelium with it and thus may
rupture an injured vessel that is sealed with a clot or a hematoma.
Such an increase in the aortic blood low is usually caused by
increased myocardial contractility. Every effort should be made to
prevent increased cardiac contractility and hypertension.

diaphragmatic injury
Injury to the diaphragm may permit migration of abdominal contents into the chest where they may compress the lung, producing abnormalities of gas exchange, or the heart, resulting in dysrhythmias and/or hypotension. Because the defect produced by
blunt injury is larger than that resulting from a penetrating injury,
migration of abdominal contents, which requires a defect of at
least 6 cm in diameter, is also more common after blunt trauma.
The liver protects the right side of the diaphragm, thus traumatic
herniation is more common on the left side, but right-sided diaphragmatic injuries are more frequently missed.156
Diagnosis of a diaphragmatic hernia can be made by laparoscopy, or in selected cases, VATS. Nevertheless, noting that the end
of a nasogastric tube is above the diaphragm on the chest radiograph is a certain sign that the stomach is displaced into the chest.
A chest radiograph that shows intestinal markings and lung compression or a contrast-enhanced abdominal CT scan that includes
the lower third of the thorax can provide important information.
Failure to retrieve the instilled luid during DPL or drainage of
DPL luid from a thoracostomy tube also indicates this injury.

abdominal and pelvic injuries
Table 52-11 summarizes the strengths and weaknesses of the currently available diagnostic tools used for abdominal injuries.157
Because of the unpredictable course of bullets in the body, exploratory laparotomy or, in selected cases, laparoscopy is required in
most patients after a gunshot wound to the abdomen. Occasionally, in hemodynamically stable patients, abdominal and lank
gunshot wounds may be evaluated with an initial CT scan. Stab
wounds may be managed with tractotomy to determine whether
the peritoneum is involved. Laparoscopy, laparotomy, or DPL
may be indicated after a positive tractotomy.
Patients with blunt abdominal trauma are evaluated by CT
scan unless they are hemodynamically unstable and there are overt
abdominal signs such as tenderness, guarding, and gross distension, in which case surgery without CT scan may be indicated.
Absence of abdominal distention, however, does not rule out
intra-abdominal bleeding. At least 1 L of blood can accumulate
before the smallest change in girth is apparent, and the diaphragm
can also move cephalad, allowing further signiicant blood loss
without any change in abdominal circumference.
The diagnostic ability of the FAST is inferior to CT scan
evaluation, which has recently undergone signiicant technologic improvements. The FAST is operator dependent, has good
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TAbLE 52-11. diagnostiC tools in abdominal trauma: strengths and weaKnesses
Diagnostic Tool

Strength

Weakness

Physical examination

Diagnosis of speciic injury (e.g., diaphragm)

Diagnostic peritoneal lavage

Expeditious, safe, and inexpensive; potential for
serial examination
Expeditious, safe, and inexpensive

Computed tomography

Evaluation of peritoneum and retroperitoneum

Ultrasonography

Staging of solid organ injury
Expeditious, safe, and inexpensive; accurate for
free peritoneal luid
Potential for serial examinations

Laparoscopy

Video-assisted thoracoscopic
surgery

Diagnosis of peritoneal penetration, diaphragmatic
injury
Evaluation of bleeding or solid organ injury
Potential for therapy
Evaluation of lung, diaphragm, mediastinum,
chest wall, and pericardium; potential for
treatment

Diagnosis of diaphragmatic injury, hollow
viscus injury, retroperitoneal injury; can
be oversensitive and nonspeciic
Diagnosis of diaphragmatic injury, hollow
viscus injury
Expensive; controversial need for contrast
Diagnosis of diaphragmatic injury, hollow
viscus injury, penetrating injury, good
speciicity, but moderate sensitivity
Less accurate in the presence of large
retroperitoneal hematomas
Diagnosis of hollow viscus injury,
retroperitoneal injury
Expensive
Requires operating room; expensive
Diagnosis of abdominal injuries

speciicity but only moderate sensitivity, can diagnose injuries
associated with intraperitoneal luid but not those without it, but
cannot determine the severity of organ injury.158
The FAST is most needed in hemodynamically unstable
patients who may not be safe to transport to CT unit shortly after
admission to the ED. Its sensitivity in those patients is found to
be low, preventing the development of an ultrasound-based clinical pathway to diagnose blunt abdominal injury and to decide
between conservative and operative management.158 Performing
serial FAST examinations may decrease the false-negative results,
but in the unstable patient there is often limited time for decision
making. Known clinical conditions that decrease the sensitivity of
the FAST include pelvic and spine injuries, subcutaneous emphysema, and obesity. On the other hand, the FAST requires one-third
of the time is less expensive to perform than CT, and is without the
hazard of radiation.
Screening with abdominal ultrasonography is performed by
placing a 3.0 to 5.0 MHz probe on four distinct areas of the abdomen: subxiphoid, to detect pericardial blood; right upper quadrant, for blood in the hepatorenal pouch; left upper quadrant, to
detect perisplenic blood; and just above the pubic symphysis, for
blood in the rectovesical pouch.
Laparoscopy is an excellent screening tool in abdominal
trauma patients. An analysis showed that it avoided laparotomy
in 63% of patients and missed only 1% of the injuries.157 It is also
possible to repair diaphragmatic, bladder, and solid organ injuries with this technique. The complication rate of laparoscopy
in trauma is approximately 1%, including pneumothorax, small
bowel injury, intra-abdominal vascular injury, extraperitoneal
CO2 insuflation, and CO2 embolization.157

fractures of the pelvis
Pelvic fractures occur in widely varied anatomic forms and physiologic severity. Major hemorrhage, which is one of the major

causes of mortality, occurs in about 25% of patients; exsanguination occurs in 1% of injuries. Other major causes of mortality
include associated injuries, such as chest, brain, intra-abdominal,
and long bone injuries, and postoperative complications, such as
sepsis, pulmonary embolism, and renal failure. In most of these
fractures, bleeding results from venous disruption by fragments
of bone. Retroperitoneal pelvic bleeding is self-limited in most
patients with venous injuries because of the tamponading effect,
except in those with open fractures. Approximately 18% to 20% of
patients have arterial bleeding which does not stop. The retroperitoneal space in these patients may serve as a distensible container,
which expands superiorly and anteriorly and may totally obliterate
the lower part of the abdominal cavity. Component therapy with
blood products is important in these patients until the bleeding
is controlled.159 Large retroperitoneal hematomas may also cause
respiratory dificulty because of pressure on the diaphragm.
Early detection and intervention to control bleeding are
important. Pelvic ring disruption, arterial extravasation (CT
blush), and elevated bladder pressure secondary to compression
by hematoma volumes >500 mL are important signs that can be
detected on CT examination, making it a key diagnostic measure.
In addition, continuing hemodynamic instability after adequate
fracture stabilization is suggestive of pelvic hemorrhage. Following external pelvic ring stabilization using external ixators, pelvic
binder, or a C-clamp to decrease the mobility of the bone fragments and help control blood loss, angiography can indicate the
type and location of bleeding. Arterial bleeding, which is present in
15% to 20% of patients, is treated with embolization. The angiography suite should be prepared in advance not only for anesthesia,
but also for invasive monitoring and resuscitation. In hemodynamically unstable patients, deciding whether to transport the
patient to the OR to control bleeding from associated injuries or to
proceed to interventional radiology for angiography and possible
embolization is dificult, although surgery of abdominal, thoracic,
and head injuries are given priority. In most centers, it takes at least
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45 minutes to begin angiography, during which time a considerable
amount of blood may be lost. Recent data suggest that after external
stabilization of the pelvis, extraperitoneal (preperitoneal) packing
in the OR under general anesthesia followed by angiography, and
if arterial bleeding is noticed, embolization, may be more beneicial than only external ixation and angiography.160 In this manner,
pelvic venous bleeding is managed expeditiously. Packing involves
a 6- to 7-cm midline vertical incision starting from the pubic symphysis, accessing the hematoma, and introducing two or three
abdominal lap pads deep into the pelvis. The incision for packing is not continuous with the abdominal incision. Although this
concept contrasts with the traditional understanding that opening
a retroperitoneal hematoma caused by a pelvic fracture must be
avoided to prevent excessive bleeding, with the present approach
hematoma is entered extraperitoneally, instead of intraperitoneally,
which indeed increases the bleeding. Laparotomy may be indicated,
although it should be based on solid indications. Nontherapeutic
laparotomy may worsen the outcome.161 Pelvic fractures may also
injure the bladder and the urethra. Thus, a urethrogram should be
performed before insertion of a urinary catheter.

extremity injuries
Surgical repair of extremity fractures, whether open or closed,
should be performed as soon as possible. Delayed fracture repair
is associated with an increased risk of deep vein thrombosis
(DVT), pneumonia, sepsis, and the pulmonary and cerebral
complications of fat embolism. In open fractures, an additional
important concern is infection. Wounds left unrepaired for more
than 6 hours are likely to become septic.
Associated vascular trauma must be recognized early. Most
vascular injuries exhibit at least some part of the classic syndrome
of pain, pulselessness, pallor, paresthesias, and paresis. The deinitive diagnosis is made with arteriography. In selected patients, a
duplex ultrasound study may be used as a screening test. Patients
with vascular trauma should be operated on expeditiously, often
without preoperative angiography. These patients may bleed
slowly but substantially both pre- and intraoperatively; thus,
delayed surgery and prolonged skeletal repair may lead to unrecognized hemorrhagic shock, which may at times become irreversible. Damage control, that is, controlling bleeding and external
ixation of the fractures, may be the management of choice.
Compartment syndrome, which is characterized by severe
pain in the affected extremity, should be recognized early so that
emergency fasciotomy can be effective in preventing irreversible
muscle and nerve damage. In unconscious patients, swelling and
tenseness of the extremity indicate the presence of this complication. The deinitive diagnosis is made by measuring compartment
pressures using a transducer attached to a luid-illed extension
tube and a needle inserted into the various compartments of the
extremity. A pressure exceeding 40 cm H2O is an indication for
immediate surgery. Caution must be exercised when using epidural or nerve block analgesia for perioperative pain relief in the
presence of extremity fractures. Absence of pain can delay the
diagnosis of compartment syndrome.

Burns
Determination of the size and depth of a burn sets the guidelines
for resuscitation, as well as the indications for surgical intervention.162 A partial-thickness burn is red, blanches to touch, and is
sensitive to painful stimuli and heat. Supericial partial-thickness
(irst-degree) burns involve the epidermis and upper dermis

TAbLE 52-12. new ProPosed rule to
estimate body surfaCe areas
of normal and obese Patients

Head
Arms
Trunk
Legs

Normal
Overweight
(% BSA)

Obese
(% BSA)

Morbidity Obese
(% BSA)

5
15
35
45

5
15
40
40

5
15
45
35

Adapted from Neaman KC, Andres A, McClure AM, et al. A new method for estimation of involved BSAs for obese and normal-weight patients with burn injury.
J Burn Care Res. 2011;32:421.

and heal spontaneously. Deep partial-thickness (second-degree)
burns involve the deep dermis and require excision and grafting
to ensure rapid return of function. A full-thickness (third-degree)
burn does not blanch, even with deep pressure, and is insensate.
Complete destruction of the dermis requires wound excision and
grafting to prevent wound infection that may lead to local sepsis
and systemic inlammation. Fourth-degree burns involve muscle,
fascia, and bone, necessitating complete excision and leaving the
patient with limited function. Laser Doppler imaging can be used
as an aid to judge burn wound depth.163 The size of the burned
area as a fraction of the total body surface area (TBSA) is estimated
by the “rule of nines.” In an adult, the head contributes to 9%; the
upper extremities, 18%; the trunk, 36%; and the lower extremities, 36% of the TBSA. These proportions are somewhat different
in children, depending on the age and size. To estimate the size of
a burn, the palmar surface of a child (excluding the digits) represents about 0.5% of the TBSA over a wide range of ages. Accuracy
of the rule of nines has been challenged and it has been found to
overestimate the TBSA of the head and arms. Further, it has been
demonstrated that TBSA varies according to body mass index. A
proposed rule for normal weight and obese patients is summarized in Table 52-12.164
Information about the mechanism of injury facilitates the
diagnosis of associated clinical abnormalities. For example, thermal trauma caused by lames in a closed space is likely to be associated with airway damage. Burns resulting from motor vehicle,
airplane, or industrial accidents may be complicated by other
traumatic injuries. Finally, burns caused by electrocution may
show little external evidence but may be associated with severe
fractures, hematomas, visceral injury, and skeletal and cardiac
muscle injury resulting in pain, myoglobinuria, and dysrhythmias, or other ECG abnormalities.
Full-thickness burns involving >10% of the TBSA; partialthickness burns covering >25% of TBSA in adults or over 20%
at the extremes of age; burns involving the face, hands, feet, or
perineum; inhalation, chemical, and electrical burns; and burns
in patients with severe pre-existing medical disorders are considered major burns.162 A severe burn is a systemic disease that stimulates the release of mediators such as interleukins, tumor necrosis factor, and neopterins, locally (producing wound edema)
and into the circulation, resulting in immune suppression,
hypermetabolism, protein catabolism, insulin resistance, sepsis,
and multisystem organ failure. Patients with burns >40% TBSA
consistently develop catabolism and weight loss, which may last
up to 1 year. Prevention of sepsis, maintenance of normal body
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airway complications
Respiratory distress in the initial phase of a burn is usually caused
by airway injury involving the pharynx or the trachea. Singed
facial hair, facial burns, dysphonia or hoarseness, cough, soot in
the mouth or nose, and swallowing dificulties in patients with or
without respiratory distress should increase the suspicion of upper
(frequent) and lower (occasional) airway injury. In the upper airway, glottic and periglottic edema and copious, thick secretions
may produce respiratory obstruction. This may be aggravated by
luid resuscitation even in the absence of signiicant inhalation
injury.167 In lower airway burns, decreased surfactant and mucociliary function, mucosal necrosis and ulceration, edema, tissue
sloughing, and secretions produce bronchial obstruction, air trapping, and bronchopneumonia. The development of parenchymal
lung injury takes approximately 1 to 5 days and presents with the
clinical picture of ARDS. Pneumonia and pulmonary embolism
(PE) are late complications that occur 5 or more days after burns.
The presence of a lung injury markedly increases the mortality rate
from thermal injuries.168 Administration of the highest possible
concentration of O2 by facemask is the irst priority in moderately
to severely burned patients with a patent airway. In patients with
massive burns, stridor, respiratory distress, hypoxemia, hypercarbia, loss of consciousness, or altered mentation, immediate tracheal intubation is indicated. The intubation technique selected
depends on the operator’s experience, the age of the patient,
and the extent of airway compromise. In adults, awake iberoptic intubation under adequate topical anesthesia is probably the
safest approach, but other techniques (Air-TraqR, Air Traq LCC,
Fenton, Missouri; King View, King Systems, Nobelsville, Indiana;
Glidescope, Verathon, Washington; Intubating LMA, LMA North
America, San Diego, California) or retrograde intubation may
be used. In most pediatric patients, awake intubation is not possible. An inhalation induction with O2 and sevolurane, followed
by intubation using a iberoptic bronchoscope or conventional
laryngoscope, is appropriate.162 A surgical airway entails a signiicant risk of pulmonary sepsis and late upper airway sequelae, and
it should be reserved for those whose airway management cannot be handled in any other way.162 Immediately after securing
the airway, ventilation with low levels of PEEP will prevent the
pulmonary edema that may develop secondary to loss of laryngeal
auto-PEEP in patients with signiicant airway obstruction before
intubation. Airway humidiication, bronchial toilet, and bronchodilators if needed for bronchospasm are also indicated.
The pediatric airway is particularly challenging because it may
be occluded by minimal amounts of swelling due to its small
diameter. Prophylactic intubation may therefore be required
in children who are suspected of having an inhalation injury,
even though they are not yet in respiratory distress. Prophylactic tracheal intubation may also be indicated in adults when
the resources for careful follow-up are insuficient. Information
obtained from radiologic, ABG, and endoscopic examinations
and pulmonary function testing may be useful to predict which
patient will need tracheal intubation and possibly decrease the
risks of airway manipulation.
Serial iberoptic laryngoscopy is easy to perform and can provide direct information about the glottic and periglottic structures. It may avoid tracheal intubation in patients who would
otherwise be considered candidates for this procedure. Fiberoptic

bronchoscopy has the additional advantage of providing information about the lower airway, although it is more uncomfortable
for the patient and requires topical anesthesia of the tracheobronchial tree.
The chest radiograph, ABGs, and pulmonary function tests
are usually normal in the immediate postburn period, even in
patients with pulmonary complications. However, these tests
should be performed at this time for later comparison. The treatment of smoke inhalation in burns involves ventilatory management, intensive care, and treatment of carbon monoxide (CO)
and cyanide (CN−) toxicity.

Ventilation and intensive care
Hypoxemia may persist despite tracheal intubation, ventilation
with PEEP, bronchodilators, and suction of airway secretions. In
the irst 36 hours, this is caused by acute pulmonary edema. From
day 2 to 5, hypoxia may result from atelectasis, bronchopneumonia, and airway edema following mucosal necrosis and sloughing,
viscous secretions, and distal airway obstruction. Later there may
be nosocomial pneumonia, hypermetabolism-induced respiratory failure, and ARDS. Treatment of these complications is individualized, using ventilatory maneuvers such as low tidal volume
(5 to 6 mL) with titrated PEEP, bronchoscopic lavage, antibiotics, chest physiotherapy, and other supportive measures. Lack
of response to therapy because of severe ventilation–perfusion
mismatching or shunt may be an indication for the use of nitric
oxide, a potent, short-acting vasodilator, via the airway.169
Patients with ARDS may beneit from high-frequency oscillatory
ventilation, both intraoperatively and in the ICU.170 Prophylactic
measures against DVT, gastric ulcers, and hypothermia should
be used routinely. Burns with TBSA ≥40% and those necessitating ICU admission carry the risk of venous thromboembolism
requiring prophylaxis.171 Further, pulmonary procoagulant activity with inhibited ibrinolysis in mechanically ventilated patients
with burn and inhalation injuries results in alveolar ibrin depositions and pulmonary inlammation, which may decrease with
anticoagulants.172

carbon monoxide toxicity
In burn victims, CO inhalation is almost always associated with
smoke inhalation, which increases morbidity and mortality compared with CO toxicity alone. CO produces tissue hypoxia primarily by its 200-fold greater afinity for hemoglobin than oxygen
and by its ability to shift the hemoglobin dissociation curve to the
left, impairing O2 unloading to the tissues. It also interferes with
mitochondrial function, uncoupling oxidative phosphorylation,
and reducing adenosine triphosphate production, thus causing
metabolic acidosis. Probably because of this effect on the mitochondria, CO can be a direct myocardial toxin preventing survival in patients who suffer cardiac arrest even though they have
been resuscitated and treated with hyperbaric oxygen.
A normal oxygen saturation on a pulse oximeter does not
exclude the possibility of CO toxicity, although low arterial O2
saturation measured by a co-oximeter should raise the suspicion.173 Portable devices such as the Masimo Rad-5 (Masimo
Corp., Irvine, California) are capable of measuring carboxyhemoglobin and methemoglobin levels noninvasively via a inger sensor
along with pulse oximetry, alerting the clinician about spuriously
high O2 saturation values. If CO toxicity is not accompanied by a
lung injury and thus by decreased PaO2, tachypnea is absent. The
carotid bodies are sensitive to the arterial O2 tension and not to the
O2 content. The classic cherry-red color of the blood is also absent
in most patients because it occurs only at carboxyhemoglobin
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temperature, and pain management may decrease the extent of
catabolism. Pharmacologically, recombinant human growth hormone, insulin-like growth factor-1, low-dose insulin infusion, βblockade, and the synthetic testosterone analog oxandrolone can
decrease protein catabolism or improve anabolism.165,166
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TAbLE 52-13. symPtoms of Carbon
monoxide toxiCity as a
funCtion of the blood
Cohb level
Blood COHb
Level (%)

Symptoms

<15–20

Headache, dizziness, and occasional
confusion
Nausea, vomiting, disorientation, and
visual impairment
Agitation, combativeness,
hallucinations, coma, and shock
Death

20–40
40–60
>60
COHb, carboxyhemoglobin.

(COHb) concentrations above 40%, and it may also be obscured
by coexistent hypoxia and cyanosis.
The patient’s inspired oxygen should be maintained at the
highest possible concentration, even when there is no evidence of
signiicant smoke-induced lung injury, until CO toxicity is ruled
out by measurement of blood COHb. A high fraction of inspired
oxygen (FiO2) not only improves oxygenation, but also promotes
elimination of CO; an FiO2 of 1.0 decreases the blood half-life of
COHb from the 4 hours seen in room air to about 60 to 90 minutes, and to 20 to 30 minutes at 3 atm in a hyperbaric chamber.162
The greater the blood concentrations of COHb, the more severe
the presenting symptoms (Table 52-13). Delayed neuropsychiatric disorders have been described in patients exposed to toxic
levels of CO, and there is evidence to suggest that early hyperbaric
O2 treatment may prevent these symptoms.162 The decision to
institute this treatment should be based on comparing the risks
of transport, decreased patient access, and delay in emergency
treatment against the possible neurologic sequelae. Currently,
hyperbaric O2 is recommended for patients with COHb >30% at
admission if the treatment of life-threatening problems—shock,
neurologic injury, metabolic acidosis, myocardial ischemia,
infarction, or arrhythmias—will not be compromised.

cyanide toxicity
Another cause of tissue hypoxia in burned patients is CN− toxicity. Cyanide or hydrocyanic acid is produced by incomplete combustion of synthetic materials and may be inhaled or absorbed
through mucous membranes. As in CO toxicity, the usual clinical
presentation is unexplained metabolic acidosis. Nonspeciic neurologic symptoms such as agitation, confusion, or coma are also
common indings. Elevated plasma lactate levels in severe burns
may result from hypovolemia or CO or CN− toxicity. However,
lactic acidosis after smoke inhalation in a patient without a major
burn suggests CN− toxicity.174 The deinitive diagnosis can be
made only by determination of the blood cyanide level, which is
toxic above 0.2 mg/L and lethal at levels beyond 1 mg/L. A spectrophotometric assay using methemoglobin as a colorimetric indicator provides a timely and reliable determination of blood CN−.175
The pulse oximetry reading will be accurate in the absence of CO
toxicity and nitrate therapy–induced methemoglobinemia.
Increased CN− in the blood can cause generalized cardiovascular depression and cardiac rhythm disturbances, especially in
patients with lactic acidosis. Fortunately, the half-life of CN− is

short (approximately 1 hour),174 and rapid improvement of
hemodynamics should be expected after rescue of the victim from
the toxic environment. Immediate administration of O2, which is
required for all burn victims, may be lifesaving for this complication. Although there are speciic therapies for CN− toxicity (e.g.,
amyl nitrate, sodium nitrite, thiosulfate), given the short half-life
of the ion, it is not clear whether these measures offer signiicant
help to the patient whose blood CN− usually decreases to low levels during transport from the ield to the hospital.176 Of course, if
circumstances permit, hyperbaric O2 treatment can be used for
all the complications of thermal injury: CO and CN− poisoning,
smoke-induced lung damage, and cutaneous burns.

fluid Replacement
Immediately after a serious burn microvascular permeability
increases, causing the loss of a substantial amount of protein-rich
luid into the interstitial space. A major burn, a delay in initiation of resuscitation, or an inhalation injury increases the size of
the leak.162 Further, there seems to be a correlation between inhalation injury and cutaneous burns in the production of edema:
pulmonary edema increases cutaneous edema and vice versa.177
If resuscitation is successful, edema formation stops within 18 to
24 hours.177 This luid lux is enhanced by increased intravascular
hydrostatic and interstitial osmotic pressures and decreased interstitial hydrostatic pressure. In addition, cardiac contractility may
decrease because of circulating mediators, a diminished response
to catecholamines, decreased coronary blood low, and increased
systemic vascular resistance.162,178 This may result in shock, whose
origin is primarily hypovolemic and, to a much smaller extent, cardiogenic.178 If the hypotension is treated appropriately with luids,
the hemodynamic picture is replaced within 24 to 48 hours by one
resembling sepsis or septic shock, with increased heart rate, cardiac
output, and rate pressure product, and diminished systemic vascular resistance caused by the release of inlammatory mediators.178
Fluid resuscitation is essential in the early care of the burned
patient with an injury >15% TBSA. Smaller burns can be managed with replacement at 150% of the calculated maintenance
rate and careful monitoring of luid status. Intravascular volume
should be restored with utmost care to prevent excessive edema
formation in both damaged and intact tissues resulting from the
generalized increase in capillary permeability caused by the injury.
Edema from overaggressive resuscitation has many deleterious
and potentially life-threatening effects. Mention has already been
made of the facilitation of upper airway edema after rapid luid
infusion in large cutaneous burns with or without smoke inhalation.167 Likewise, chest wall edema may develop after administration of large quantities of luid to patients with burns in this
area, causing respiratory dificulties and necessitating excision of
burned tissue from the anterior axillary line to improve breathing. Abdominal edema may also occur, and when resuscitation
volume exceeds 300 mL/kg/24 hr, increased intra-abdominal
pressure may produce abdominal compartment syndrome with
impedance of venous return.179,180 Edema formation may also
increase the tissue pressure in the burned area, resulting in reduction of blood low to distal sites. This, together with decreased tissue oxygen tension, may produce necrosis of damaged but viable
cells, increasing the extent of injury and the risk of infection.
Crystalloid solutions are preferred for resuscitation during the
irst day following a burn injury; leakage of colloids during this
phase may increase edema.181 Nevertheless, crystalloid resuscitation, especially in children, may cause a rapid decline in plasma
protein concentration and necessitate administration of 5%
albumin in LR solution after the irst day following a burn >30%
TBSA and/or signiicant inhalation injury when the capillary leak

stops.182 It is believed that this will moderate the tendency to edema
formation associated with the administration of large amounts of
isotonic (0.9% saline or LR) solutions. Some centers use plasma
with crystalloid routinely and partly attribute the good outcomes
of their patients to this practice.183 Administration of luids in
excess of the amount recommended by the Parkland formula
appears to be relatively frequent in modern burn management
and is termed luid creep. Avoidance of early overresuscitation,
routine use of colloids, and adherence to protocols are recommended to prevent this problem.184 Plasma exchange therapy
may also remove inlammatory mediators and decrease capillary
permeability, lowering luid requirements and improving base
deicit and lactate in these patients.185 Alternatively, hypertonic
saline solutions draw intracellular water into the bloodstream and
thus decrease the luid volume needed to maintain perfusion and
extracellular volume and limit the severity of edema in patients
with burns occupying >50% TBSA, circumferential extremity
burns, or inhalational injury.162 Unfortunately, hypertonic solutions may cause hypernatremia and intracellular water depletion.
Patients and experimental animals receiving these luids for burn
therapy often did not show an overall luid-sparing effect and had
an unacceptably high incidence of renal failure and death compared with those receiving LR solution.181,186,187
Of the many resuscitation formulas available, the Parkland
(Baxter) and modiied Brooke formulas are tailored to the clinical
condition of the patient and are accepted in most centers (Table
52-14).182 The addition of glucose is not necessary except in children, especially those weighing <20 kg. Albumin 5% may be administered after the irst day following injury at a rate of 0.3, 0.4, or 0.5
mL/kg of the percentage burned per 24 hours for burns of 30%
to 50%, 50% to 70%, or 70% to 100% TBSA, respectively. These
formulas are guidelines only, and none can be expected to provide
adequate restoration of intravascular volume in all burn victims,
especially small children and patients with inhalation injuries.
Therefore, administration of luids during the initial phase should

TAbLE 52-14. guidelines for initial
fluid resusCitation after
thermal injury
adults and Children >20 kg
Parkland formulaa
4.0 mL crystalloid/kg/% burn/irst 24 hr
modiied brooke formulaa
2.0 mL lactated Ringer’s/kg per % burn per irst 24 hr
Children <20 kg
Crystalloid 2–3 mL/kg per % burn per 24 hra
Crystalloid with 5% dextrose at maintenance rate
100 mL/kg for the irst 10 kg and 50 mL/kg for the next
10 kg for 24 hr
Clinical end Points of burn resuscitation
Urine output: 0.5–1 mL
Pulse: 80–140 per min (age dependent)
Systolic BP: 60 mm Hg (infants); children 70–90 plus 2x
age in years mm Hg; adults MAP > 60 mm Hg
Base deicit: <2
BP, blood pressure; MAP, mean arterial pressure.
a
50% of calculated volume is given during the irst 8 hr, 25% is given during the
second 8 hr, and the remaining 25% is given during the third 8 hr.
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be titrated to the speciic goals described in Table 52-14, and, if
a pulmonary artery catheter is placed, acceptable cardiac output,
illing pressures, and a mixed venous oxygen tension (PvO2) of
35 to 40 mm Hg. Careful monitoring of the Hct may also guide
luid management. An increase in Hct during the irst day suggests
inadequate luid resuscitation because hemolysis and sequestration
are actually expected to cause a decrease in this parameter. Acute
anemia, as may occur during excision and grafting of burns, is
usually well tolerated. Blood replacement is usually not initiated
until the Hct is below 20% in healthy patients requiring limited
operations, approximately 25% in those who are healthy but need
extensive procedures, and 30% or more when there is a history of
pre-existing cardiovascular disease.
Standard clinical end points of resuscitation such as urine output and vital signs are used routinely to guide luid therapy. The
pulmonary artery catheter is associated with the risk of infectious
complications and is used less frequently than in the past. A transpulmonary thermodilution technique using Pulsiocath thermistor-tipped catheter (Pulsion Medical Systems, Munich, Germany)
is less invasive and may be employed to measure cardiac index,
intrathoracic blood volume index, extrathoracic lung water index,
extravascular lung volume index, and systemic vascular resistance.
This technique requires placement of central venous and arterial
catheters without cardiac or pulmonary cannulation.188
When in rare instances luid resuscitation fails, despite administration of crystalloids in excess of 6 mL/kg per percentage TBSA,
and invasive or semi-invasive monitoring suggests adequate
intravascular volume, vasopressor and/or inotropic agents may
be indicated. Dopamine in small doses (5 µg/kg/min) and/or
β-adrenergic agents may improve urine output without further
need for luids.182 Electrolyte abnormalities may occur after the
irst day for several reasons but are primarily a result of topical agents applied to control pain, decrease vapor loss, prevent
desiccation, and slow bacterial growth.182 Nonaqueous topicals
(silver sulfadiazine), if administered without providing free water
such as 5% dextrose, may result in hypernatremia and its CNS
consequences including intracranial bleeding. In contrast, aqueous topical agents such as 5% silver nitrate solution may cause
hyponatremia and its consequences of cerebral edema and seizure secondary to electrolyte leaching. Central pontine demyelination may occur if the hyponatremia is corrected rapidly with salt
solutions. Serum ionized calcium and magnesium should also be
monitored.

OpERATIVE MANAgEMENT
Overall, nearly 25% of trauma patients present with pre-existing conditions such as cirrhosis; cardiovascular, pulmonary,
and renal diseases; coagulation disorders; diabetes; and alcohol
or drug abuse that may increase trauma-related morbidity and
mortality and require additional care.7,189 Premedication is rarely
indicated, especially in those who are hypovolemic, head injured,
or intoxicated. If needed, small doses of opioid (morphine, 1
to 2 mg; fentanyl, 25 to 50 µg) or sedative (midazolam, 0.5 to
1.0 mg) may be administered with close monitoring of vital signs.
Regional analgesia may be provided for stable patients with skeletal injuries awaiting surgery. Femoral nerve block, for example,
provides excellent analgesia for femoral shaft fractures. Evaluation of the multiple trauma patient emergently transported to the
OR involves reviewing pre-existing conditions, vital signs, oxygenation, and preoperative luid replacement and conirmation
of correct position and patency of a previously inserted endotracheal tube.
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FIgURE 52-10. Arterial pressure records
of a mechanically ventilated patient before
(left) and after (right) 1,000 mL blood loss.
Note the increase in systolic pressure variation and δ-down component following
hemorrhage. Decrease in blood pressure
occurs during exhalation with mechanical
ventilation and inspiration in spontaneously breathing subjects (upgoing arrow
defines inhalation). δ -Up is the difference
between the end-expiratory systolic pressure and the maximum systolic pressure
over a respiratory cycle. See text for definition of systolic pressure variation and
δ-down component. (Reprinted with permission from Rooke GA, Schwid HA, Shapira Y. The effect of graded hemorrhage
and intravascular volume replacement on
systolic pressure variation in humans during mechanical and spontaneous ventilation. Anesth Analg. 1995;80:925.)
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lar end diastolic area.191 Threshold values to discriminate responders from nonresponders to luid infusion have been determined
(PPV or SVV >12% for responders). These dynamic indices of prehemodynamic monitoring
load can be obtained with an arterial line without central venous or
Direct intra-arterial pressure monitoring, which permits beatpulmonary artery catheters. Limitations of this technology include
to-beat data acquisition and sampling for measurement of blood
their ability to work only in intubated and mechanically ventilated
gases, should be in place before surgery. An ultrasound-guided
patients with tidal volumes >7 to 8 mL/kg, closed chest, and normal
technique or a surgical cut-down may be necessary to facilitate
cardiac rhythm; their doubtful reliability in patients with stiff lungs
access. The radial artery is the vessel of choice in abdominal or
or those receiving PEEP; and most importantly, lack of informachest trauma in which the aorta may be cross-clamped, maktion about their accuracy in acutely injured patients.192
ing a femoral or dorsalis pedis cannula nonfunctional. The right
Delaying emergent surgery to place a central venous line is
radial artery is preferred in cases of chest trauma in which crossrarely indicated unless a large-bore catheter is needed for volume
clamping of the descending aorta might result in occlusion of the
resuscitation. However, if the patient is elderly, if there is a likelileft subclavian artery. In mechanically ventilated patients, the
hood of myocardial damage, or if there is multiple organ dammagnitude of systolic pressure variation (the difference between
age with a requirement for prolonged surgery and massive luid
the maximum and minimum systolic pressure over the respirareplacement, early placement of a CVP or pulmonary artery cathetory cycle) and its ∆-down component (the difference between
ter may be indicated before the development of coagulopathy rensystolic pressure at end expiration and the lowest value during
ders it hazardous. If a pulmonary artery catheter is placed, mixed
the respiratory cycle) can provide reliable information about the
venous O2 may convey information about organ perfusion.
intravascular volume status and predict responsiveness to luid 11
The TEE provides valuable diagnostic information in blunt
loading (Fig. 52-10). A systolic pressure variation >5 mm Hg and
cardiac injury, cardiac septal or valvular damage, coronary artery
a ∆-down >2 mm Hg suggest hypovolemia.190
injury, pericardial tamponade, and aortic rupture.193 It also
The ability to predict luid responsiveness is of crucial imporpermits assessment of cardiac function, including right and left
tance in preventing over- or underinfusion of luids and their conventricular volume, ejection fraction, wall motion abnormalities,
sequences. Interest has been centered in automatically obtaining
pulmonary hypertension, and cardiac output and detects acute
systolic blood pressure variation (SPV), pulse pressure variation
ischemia more accurately than either ECG or pulmonary artery
(PPV), and stroke volume variation (SVV) during the mechanipressure monitoring. Monitoring left ventricular volume alone
cal ventilation cycle to predict luid responsiveness. Indeed sevcan provide information about the adequacy of the intravascueral such devices, such as the PICCO (Pulsion Medical Systems,
lar volume. This technique also allows visualization of fat and
Munich, Germany), LIDCO (Lidco Ltd., United Kingdom), and
air entry into the right heart or the left heart through a patent
FloTrac CO Monitor (Edwards Laboratories, USA) are able to disforamen ovale during internal ixation of lower extremity fracplay SPV, PPV, and SVV, which appear to predict responsiveness
tures.194 It is possible that the TEE probe may be introduced into
to luid administration with greater accuracy than static markers of
an unrecognized esophageal tear because the insidious nature of
preload such as central venous pressure, pulmonary artery occluesophageal injury makes diagnosis dificult during the irst 24
sion pressure, and even global end diastolic volume or left ventricuhours after trauma.

monitoring

urine output
Urine output is routinely monitored as an indicator of organ
perfusion, hemolysis, skeletal muscle destruction, and urinary
tract integrity after trauma. Its reliability for monitoring perfusion is decreased by prolonged shock prior to surgery and
osmotic diuresis caused by administration of mannitol or radiopaque dye. Dark, cola-colored urine in the trauma patient suggests either hemoglobinuria resulting from incompatible blood
transfusion or myoglobinuria caused by massive skeletal muscle
destruction after blunt or electrical trauma. Although the deinitive diagnosis is made by serum electrophoresis, rapid differential diagnosis can be made by centrifugation of a blood specimen.
Pink-stained serum suggests hemoglobinuria whereas unstained
serum indicates myoglobinuria. Both of these conditions may
result in acute renal failure. Prevention involves inducing diuresis with luids and mannitol and, in myoglobinuria, although
controversial, additional alkalinization of the urine with sodium
bicarbonate to pH >5.6. Red-colored urine usually is caused by
hematuria, which, in the traumatized patient, suggests urinary
tract injury.

oxygenation
Frequently trauma patients develop hypoxemia (O2 saturation
<90%), hypothermia, hypotension, and/or decreased peripheral
perfusion. Although modern pulse oximeters are designed to be
unaffected by these conditions, inaccurate measurement of O2
saturation (SpO2) is still observed. Of the available devices, inger
or earlobe pulse oximeters are more affected by decreased perfusion than forehead oximeters probably because the latter senses
the pulsation of the supraorbital artery, a branch of the carotid
artery, which is presumably less affected by shock or hypothermia. However, SpO2 results with this monitor may be affected by
venous pulsation, especially in patients receiving positive pressure
ventilation or in any situation that distends the tributaries of the
superior vena cava.195 It has been suggested that using these sensors with a head band that exerts 10 to 20 mm Hg pressure may
minimize the inaccuracy.195
With recent advances in technology, multiwavelength pulse
co-oximeters are also capable of providing other physiologic data
including pulse rate, SpO2, perfusion index, carboxyhemoglobin,
and methemoglobin. These monitors can also measure noninvasive continuous hemoglobin concentration with reasonable accuracy. The ability of these monitors (Masimo Rad-7 and Rad-57
Pulse CO-oximeter, Irvine, California) to measure methemoglobin and carboxyhemoglobin concentration noninvasively renders
them useful in acute burn injury management. Although these
monitors provide more accurate information than conventional
pulse oximeters, to the best of the authors’ knowledge they have
not yet been tested in major trauma victims.

organ perfusion and oxygen utilization
As discussed previously, unrecognized hypoperfusion may lead to
splanchnic ischemia with resulting acidosis in the intestinal wall,
permitting the passage of luminal micro-organisms into the circulation and release of inlammatory mediators, causing sepsis and
multiorgan failure.50–52 Base deicit and blood lactate level, which
have already been discussed in the section “Management of Shock,”
are considered acceptable markers of organ hypoperfusion in the
apparently resuscitated patient and may be used intraoperatively
to set the optimal end points of resuscitation.52 Another parameter
that may provide information intraoperatively about the global perfusion of the body is the arterial–end tidal CO2 difference. Values
>10 mm Hg after resuscitation predict mortality.196 It may be useful
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in the decision about when to perform damage control surgery,
and intraoperatively, in guiding resuscitation with luids, inotropes, and vasopressors. A large gap is usually due to decreased lung
perfusion resulting in high PaCO2 and low end-tidal CO2. Severe
chest trauma, hypotension, or metabolic acidosis also increases the
likelihood of discordance between arterial and end tidal CO2.197
Oxygen transport variables, once routinely monitored as markers of organ perfusion, especially in the ICU setting, are used less
frequently and in a limited number of centers primarily because
they require pulmonary artery catheterization.
They consist of
.
oxygen delivery (DO2), O2 consumption (VO2), and O2 extraction ratio. The DO2 index (DO2I) is a particularly useful end point
because it integrates three important variables: hemoglobin concentration, arterial oxygen saturation, and cardiac output. The
minimum acceptable value for this marker is 500 mL/min/m2,198
performing as effectively as the previously recommended DO2I of
≥600 mL/min/m2. A computerized ICU decision protocol developed to standardize shock resuscitation in some centers uses DO2I
>500
mL/min/m2 as a goal.198 The oxygen consumption index
.
(VO2I) is also an important variable. Subsequent organ failure may
occur if it decreases below a value of 170 mL/min/m2, indicating
a. low-dependent phase of O2 utilization.52 Increasing DO2I until
VO2I attains low independence may prevent organ failure; however, this approach is not practical clinically,
mainly because there
.
are also DI2I-independent regulators of VO2.198
Finally, a global O2 extraction ratio <0.25 to 0.3 suggests
absence of dysoxia. However, it is possible that dysoxia may be
present in an individual organ in the presence of a normal overall
O2 extraction ratio. Monitoring of O2 transport variables, the most
useful of which is DO2I, is usually done in the ICU when invasive
monitoring permits measurement of cardiac output and mixed
venous O2. These values can also be monitored in the OR whenever arterial and pulmonary artery lines are present.
It has recently been demonstrated that central venous, instead
of pulmonary artery, monitoring with CVP >10 mm Hg, mean
systemic blood pressure of 65 mm Hg, and Hgb >10 g/dL as
threshold values also suggest adequate organ perfusion.199 It
should be emphasized that various pre-existing and traumarelated conditions may affect the interpretations of these perfusion markers. For example, the base deicit may relect a nongap
acidosis, elevated lactate may be secondary to impaired clearance
due to hepatic dysfunction, and arterial to end-tidal CO2 gradient
may be caused by chronic obstructive lung disease. Thus, management decisions must be individualized, taking into account
the patient’s general condition.

coagulation
Conventional blood coagulation monitoring includes a baseline
and subsequent serial measurements of PT, INR, activated partial thromboplastin time (aPTT), platelet count, blood ibrinogen
level, and ibrin degradation products (FDP). Although trauma
center laboratories cannot provide results of the standard coagulation tests rapidly, at least INR can be monitored with a point
of care device and provide some information. Thromboelastography (TEG; (Haemonetics, Boston, Massachusetts) and rotation
TEM (ROTEM; Pentapharm, Munich, Germany) are point of
care devices that provide a relatively rapid, comprehensive, and
quantitative graphic evaluation of clotting function.200,201 The
TEG determines the time necessary for initial ibrin formation,
the rapidity of ibrin deposition, the clot consistency, the rate
of clot formation, and the times required for clot retraction and
lysis200 (Fig. 52-11). Basically, the R and K values are indices of
formation, buildup, and crosslinking of ibrin and depend on the
function of coagulation factors. The maximum amplitude is the
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Lysis index
(LI) [%]

F (Fibrinolysis)
Clotting time (CT) [s]
Clot formation time (CFT) [s]

Normal Values
R = 6–8 min
K = 3–7 min
MA = 50–60 mm
A60 = MA–5
Clot lysis index (CLI) = A60/MA × 100%
CLI normal range >85%

α angle = 50°–60°
F = 300 min

FIgURE 52-11. Thrombelastogram. R is the interval from blood
deposition in the cuvette to an amplitude of 1 mm on the thrombelastogram; K is the time between the end of R and a point with an
amplitude of 20 mm on the thrombelastogram; MA is the maximum
amplitude of thrombelastogram; α angle is the slope of the external
divergence of the tracing from the R value point; A60 is the amplitude
of thromboelastogram 60 minutes after maximum amplitude; F is the
time from MA to return to 0 amplitude (normal >300 minutes).

Time
FIgURE 52-12. Rotation thromboelastometry graph depicting each
clotting parameter. (Reproduced by permission from Rugeri L, Levrat A,
David JS, et al. Diagnosis of early coagulation abnormalities in trauma
patients by rotation thromboelastography. J Thromb Haemostas.
2007;5:289.)

lored to ive major clinical conditions: airway compromise, hypovolemia, head or open eye injuries, cardiac injury, and burns. The
varying contribution of these conditions to the clinical picture of
a given patient necessitates priority-oriented planning.

airway compromise
widest portion of the curve and indicates the absolute strength of
the ibrin clot. It represents platelet function. The a-angle is the
slope of the external divergence of the tracing from the R-value
point, indicating the speed of clot formation and ibrin crosslinking. The value of this parameter is determined by both coagulation factors and platelets. Hypothermia can cause coagulopathy
by interfering with both platelets and coagulation factors.202 When
the blood of a cold and coagulopathic patient is placed in the TEG
cuvette, which is normally heated to 37°C, a near-normal trace
may be obtained. Newer TEG devices are temperature adjustable.
Thus, the temperature in the cuvette can be adjusted to that of the
patient. Likewise, by using activators, rapid TEG (r-TEG) can be
performed to obtain timely results.84 ROTEM is a modiied TEM
that uses a ball-bearing system for power transduction and is less
susceptible to movements or vibration that may affect the TEG.201
It measures clot formation and ibrinolysis. Results of coagulation parameters are obtained within 10 to 15 minutes because of
activation with speciic materials for each of clotting, platelet, and
ibrinogen function. Figure 52-12 shows a typical TEM graph in
which clotting time (CT), clot formation time (CFT), maximum
clot irmness (MCF), and the amplitude of clot at 10 minutes
(CA10) and 15 minutes (CA15) can be determined.201 After 30 to 60
minutes, the clot lysis index at 30 and 60 minutes (CLI30-CLI60),
which is the ratio between the amplitudes at 30 and 60 minutes,
and amplitude of the graph at the point of CT may be obtained. As
in TEG, each parameter represents the status of a speciic function.

anesthetic and adjunct drugs
Apart from regional anesthesia techniques, which are used in
patients with minor extremity injuries and stable hemodynamics,
anesthetic and adjunct drugs for general anesthesia need to be tai-

Anesthetics and muscle relaxants should be avoided before the
airway is secured if there is signiicant airway obstruction or if
there is doubt as to whether the patient’s trachea can be intubated
because of anatomic limitations. If time permits, lateral neck
radiographs, CT scanning, and endoscopy can be used to deine
better the problems. Topical anesthesia with mild sedation can be
used to secure the airway with a conventional blade, video laryngoscope, or FOB. If a rapid sequence induction is contemplated,
ketamine and etomidate may confer advantages over thiopental
and propofol. In equipotent doses in normovolemic patients,
they produce less cardiovascular depression. Although succinylcholine, with its short onset time and duration, is still the muscle
relaxant of choice for rapid-sequence induction, rocuronium (1.2
to 1.5 mg/kg) has almost the same onset time and does not have
the undesirable side effects associated with succinylcholine (e.g.,
increased intragastric, intraocular, and intracranial pressures and
potassium release in patients with burns and neurologic diseases).
Its longer duration of action may be disadvantageous and may
lead to hypoxia if both ventilation and intubation prove to be
impossible. Under these circumstances, one of the available video
laryngoscopes or other aids can be employed to overcome the
problem. Surgical standby for cricothyroidotomy should be considered if failure of these techniques is anticipated. Bradycardia,
dysrhythmias, and cardiac arrest may occur after succinylcholine
in the presence of hypoxia and hypercarbia. Some of these complications may also follow an apparently uneventful intubation
performed without succinylcholine.

hypovolemia
In the absence of controlled human studies of anesthetic drug effect
in hemorrhage and hemorrhagic shock, our current knowledge
in this area is based on the results of experimental work, mostly
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FIgURE 52-13. Calculated dose reduction of various anesthetics administered as bolus or infusion in moderate hemorrhagic shock. Calculation is based on pharmacokinetic and pharmacodynamic studies performed in experimental hemorrhagic shock. (Reprinted with permission
from Shafer SL. Shock values. Anesthesiology. 2004;101:567.)

the extent possible, must be restored before their use. When time
constraints or continuing hemorrhage prevent restoration of
blood volume, the airway must be secured without the beneit
of anesthesia (perhaps using only rapidly acting muscle relaxants
and small doses of opioids, etomidate, or ketamine), even though
this approach may result in recall of induction and intraoperative
events in up to 40% of patients.209 Hypothermia, alcohol intoxication, drug use before anesthesia, and metabolic disturbances in
the acute trauma patient cannot reliably prevent recall. However,
scopolamine, (0.6 mg), and midazolam, if the patient can tolerate
it, given before airway management may decrease the likelihood
of this complication. Intraoperative use of the bispectral index
monitor and, whenever possible, titrating anesthetics to bispectral index levels <60 may prevent recall in trauma patients.
In normotensive but hypovolemic patients, restoration of
volume and selection of an agent with the least cardiovascular
depressant effect appears logical. Ketamine and etomidate are
the preferred induction agents,207 although at low doses other
intravenous anesthetics are also unlikely to produce hypotension.
Therefore, the use of any of these drugs in reduced doses is probably more important than the particular agent chosen.
Maintenance of anesthesia in the hypovolemic trauma patient
raises concerns similar to those pertaining to induction. Experimental data have shown that depending on its severity, hemorrhagic shock decreases minimum alveolar concentration (MAC)
by approximately 25%. Restoration of intravascular volume did
not, but administration of naloxone did normalize MAC in these
animals, suggesting that shock-induced release of endorphins is
primarily responsible for this effect.210
Although nitrous oxide’s (N2O) myocardial depressant effect
is normally somewhat counterbalanced by its ability to increase
sympathetic outlow, in acute hemorrhage there is already a dramatic increase in sympathetic activity and stimulation of baroreceptors. Under these circumstances, patients are unlikely to
respond to the sympathetic effect of N2O, and the cardiovascular depressant properties of the gas are unmasked. These may be
similar to those of other inhalation agents. In addition, by reducing FiO2, use of N2O incurs a risk of hypoxemia in patients with
reduced cardiac output or pulmonary compromise. Despite causing little impairment of relex tachycardia and having a vasodilatory action that preserves organ blood low in normovolemic
patients, isolurane can impair cardiac output and organ blood
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in swine. Anesthetic agents not only have direct cardiovascular
depressant effects, but also inhibit compensatory hemodynamic
mechanisms such as central catecholamine output and barorelex
(neuroregulatory) mechanisms, which maintain systemic pressure
in hypovolemia. Hemorrhage and hypovolemia lead to a higher
than normal blood concentration following a given dose of intravenous agents, increased sensitivity of the brain to anesthetics,
preferential distribution of the cardiac output to the brain and the
heart, cerebral hypoxia, dilutional hypoproteinemia producing a
larger free fraction of intravenous drugs, and acidosis, all of which
increase the effects of drugs on the brain and the heart.
The pharmacokinetic and pharmacodynamic responses of
intravenous agents to experimental hemorrhagic shock vary
depending on the severity of the hemorrhage, the speciic agent,
and whether the effect analyzed is hypnosis or immobility to noxious stimuli. For example, in swine with compensated hemorrhage,
when administered as a continuous infusion, blood propofol concentration increased by <20%, while during uncompensated shock
(i.e., in hypotensive animals), it increased by almost 4 times.203 On
the other hand, under the same experimental conditions, plasma
remifentanil concentration doubled during compensated shock,
but increased almost 27 times in uncompensated shock.203 Remifentanil degradation relies on tissue and blood esterases. It is possible that hydrolysis by tissue esterases is more intense than by
their blood counterparts because the decreased tissue blood low
in uncompensated shock is able to produce such a major reduction
in remifentanil metabolism. Another example is that hemorrhage
has a similar potentiating effect on the production of hypnosis
and immobility by propofol.204 In contrast, the potentiating effect
of hemorrhagic shock on isolurane induced hypnosis is much
smaller than on its immobilizing effect.204
Because of the decrease in size of the central compartment and
in systemic clearance, plasma concentrations of fentanyl and remifentanil are increased.203,205 A decreased volume of distribution also
increases the blood level of etomidate by 20% in shock,206 and for
propofol this effect is even greater. There is also variation in the
extent of brain sensitivity to these agents. Although etomidate pharmacodynamics are unchanged,207 a signiicant increase in the sensitivity of the brain and heart to propofol is noted in animals, even
after luid resuscitation.206 Based on these experimental indings,
Shafer208 calculated that in patients with shock, the dose of propofol should be only 10% to 20% of that given to a healthy patient.
Although he calculated that etomidate dose should not require
adjustment for shock, the authors decrease the dose by at least 25%
to 50% when we suspect hypovolemia. As to the opioids, the calculated dose for fentanyl and remifentanil is approximately one-half
that for healthy patients (Fig. 52-13).208 Of the remaining intravenous agents, thiopental and midazolam are also known to have
signiicant cardiovascular depressant activity, whereas ketamine has
stimulatory effects when the autonomic nervous system is intact.
There are also differences among anesthetics in the direction
and extent of their effects on compensatory mechanisms. For
example, the baroreceptor depression produced by intravenous
agents is usually milder than that of inhalational agents. Opioid
agents have little direct cardiovascular or barorelex depressant
effect; however, these agents can cause hypotension by inhibiting central sympathetic activity, especially in the hypovolemic
trauma patient whose apparent hemodynamic stability is maintained by hyperactive sympathetic tone.
Two important principles in the use of anesthetic agents are
accurate estimation of the degree of hypovolemia and reduction of doses accordingly. The presence of hypotension suggests
uncompensated hypovolemia in which case anesthetics almost
invariably produce further deterioration of systemic blood pressure and sometimes cardiac standstill. Intravascular volume, to

Percent reduction in hemorrhage
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low in hypovolemia—that is, it can cause cardiovascular depression. Deslurane and sevolurane are not signiicantly better than
isolurane in this regard. However, because of their low solubility in blood, severe hemodynamic depression produced by these
agents can be rapidly reversed, preventing suboptimal perfusion
for a signiicant period of time. In summary, in the hypovolemic patient all inhalational agents may reduce both global and
regional blood lows and, therefore, should be used only in small
concentrations (<1 MAC). Opioid supplementation is usually
well tolerated and often indicated.

head and open eye injuries
The importance of deep anesthesia and adequate muscle relaxation during airway management of patients with head or open
eye injuries has already been discussed. Anesthetic agents selected
for management of brain injury should produce the least increase
in ICP, the least decrease in mean arterial pressure, and the greatest
reduction in cerebral metabolic rate (CMRO2). As demonstrated
by intraoperative SjvO2 measurements in patients with acute head
injury, the most important factor in causing cerebral ischemia is
increased ICP from intracranial hematoma. Prompt decompression is the most crucial means of ensuring cerebral well-being.
Hypotension caused by anesthetics or other factors contributes
to the development or progression of cerebral ischemia. Utmost
attention should be paid during anesthesia to avoidance of hypotension (mean arterial pressure <60 mm Hg or SBP <90 mm Hg).
With the possible exception of ketamine, all intravenous anesthetics cause comparable degrees of cerebrovascular constriction.
Again, with the exception of ketamine, CMRO2 is also reduced by
all the available intravenous anesthetics. An important drawback
to these agents is that their cardiovascular depressant effects may
reduce CPP. This problem can be ameliorated by administering
pretreatment doses of opioids (fentanyl, 2 to 3 µg/kg), which
permit reduction of the anesthetic dose. This may also prevent
the myoclonic movements associated with etomidate and occasionally with propofol, and thus reduce the risks of ICP and IOP
increase. Nevertheless, myoclonus is best prevented by careful
timing of the dose of muscle relaxants. Another measure to preserve CPP during anesthesia is to administer vasopressors, being
aware that hypovolemia may be masked by their use.
Ordinarily, administration of succinylcholine should follow
pretreatment doses of nondepolarizing agents to prevent fasciculation-induced elevation of ICP and IOP.211 Avoiding succinylcholine usually does not alleviate the problem because laryngoscopy and tracheal intubation produce a greater and longer-lasting
increase in these pressures. Rocuronium, 1.2 to 1.5 mg/kg, has an
onset time comparable with that of succinylcholine. None of the
nondepolarizing muscle relaxants causes an elevation of ICP or
IOP in the absence of associated tracheal intubation.
All inhalation anesthetics may increase CBF and cerebral blood
volume (CBV), and thus the ICP. Cerebral autoregulation, CO2
responsiveness, and CMRO2 are reduced. Unlike thiopental, which
decreases both CBF and CMRO2 in parallel, inhalational anesthetics decrease CMRO2 while increasing the CBF. The extent of this
uncoupling varies with the agent and the dose. Isolurane has the
least vasodilatory effect and thus is the most widely used inhalation
anesthetic, although deslurane and sevolurane have comparable
effects on the cerebral circulation. In hyperventilated patients with
cerebral tumors or mild edema, isolurane does not raise the ICP if
it is administered at an inspired concentration of <1 MAC. In the
presence of severe head injury, when cerebral autoregulation and
CO2 responsiveness are impaired, isolurane has the potential to
increase CBF and ICP even at levels <1 MAC and with hyperventilation. Therefore, it may be prudent not to use this agent in the pres-

ence of elevated ICP, at least until the skull is opened and the ICP is
controlled. In these patients, anesthesia can be maintained initially
with opioids plus thiopental, propofol, midazolam, or etomidate.
Nitrous oxide may increase CBF, CBV, and ICP when administered with inhalation anesthetics if the PaCO2 is normal or
increased. This effect may be eliminated when this agent is administered with adequate doses of barbiturates or hyperventilation.
The effect on CMRO2 is variable: both an increase and a decrease
have been observed. Thus, N2O probably is not deleterious in
patients with head injury with minimal ICP elevation if it is used
after a bolus dose or during infusion of intravenous anesthetics.
In a spontaneously breathing patient, opioids may produce
hypoventilation with an associated increase in CBF and ICP.
Therefore, they should be used in small doses in head trauma,
preferably with the patient mechanically ventilated. Some reports
suggest that opioids and, to a smaller extent, opiates may interfere
with CPP by increasing ICP, decreasing mean arterial pressure,
or both.212,213 Fentanyl and sufentanil are most implicated, and it
appears that this phenomenon occurs with severe head injury.63
Although the clinical signiicance of these indings is not yet clear,
it is prudent to administer fentanyl or its analogs slowly, when the
arterial pressure is normal or slightly elevated, ensuring preservation of systemic blood pressure with vasoactive agents, if necessary.
A recent survey by Grathwohl et al.214 compared the results of
total intravenous anesthesia using ketamine with volatile agent
anesthesia in a series of combat-related head injuries from Iraq.
Although there are unavoidable shortcomings to the study, it nevertheless indicates that the speciic anesthetic agents chosen probably do not affect the neurologic outcome as long as the vital signs
are maintained.

cardiac injury
If there is pericardial tamponade, preload and myocardial contractility must be maintained. Any decrease in these parameters
may exacerbate an already existing right ventricle (RV) inlow
occlusion. A decrease in heart rate should also be treated promptly
to maintain adequate cardiac output. Because all of the available
anesthetics can depress myocardial contractility and cause vasodilation, it is preferable to administer these agents after evacuation of the pericardial blood under local anesthesia. If general
anesthesia is required to relieve the tamponade, induction should
be delayed until the patient is prepared and draped. Both anesthetics and controlled ventilation, particularly with PEEP, impair
cardiac output. Deep anesthesia and high airway pressures should
be avoided before evacuation of the hemopericardium. In chronic
pericardial effusion, ketamine supports the cardiac index better
than other intravenous agents. In acute pericardial tamponade,
even minor insults can bring cardiac activity to a halt. Ketamine
thus remains the agent of choice. It should be given in small doses
after adequate luid infusion. Similar principles apply to the use
of maintenance agents, which should be given in the smallest possible doses until the heart is decompressed. TEE monitoring may
aid management between induction and pericardiotomy.
In blunt myocardial injury, the objective is not only to maintain cardiac contractility, but also to lower the elevated pulmonary
vascular resistance that may result from concomitant pulmonary
contusion, atelectasis, or aspiration. All anesthetics should preferably be administered after restoration of intravascular volume
and titrated to maintain adequate systemic blood pressure and
cardiac output. If necessary, inotropes, preferably amrinone or
milrinone, which produce some pulmonary vasodilation, may
be used. Anesthetic maintenance by intravenous anesthetics and
opioids to avoid the myocardial depression produced by inhalational agents should also be considered.
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approximately 1 week and peaking 5 to 6 weeks after injury, probably from pharmacodynamic causes.162,163 Increasing the dose
can partly overcome this resistance. For instance, rocuronium,
which is important for rapid-sequence induction and treatment
of laryngospasm when succinylcholine is contraindicated, has an
onset time delayed by about 50 seconds (30% longer than patients
without burn) when a 0.9 mg/kg dose is used. Increasing the dose
to 1.2 mg/kg decreases the delay by 30 seconds, but the onset
time remains about 25 to 30 seconds longer than that observed
in patients without burns. Intubating conditions also improve by
increasing the dose. Recovery time from the block is shorter in
burned patients than in normal individuals.219
For serial wound debridement, ketamine in intermittent doses,
neuraxial or peripheral nerve blocks via an indwelling catheter, or
sedation with opioids and intravenous agents may be employed.
In a preliminary study, patients receiving fentanyl experienced
higher body temperatures than those who received morphine.
This was attributed to the well-established anti-inlammatory
properties of morphine.220

A hypermetabolic state characterized by tachycardia, tachypnea,
catecholamine surge, increased O2 consumption, and augmented
catabolism follows the initial few hours of a burn and continues
into the convalescent phase, necessitating increased oxygen, ventilation, and nutrition.162,166,178,215 Early extensive and repeated
escharotomies with coverage by skin grafts attenuate the postburn
hypermetabolic response, decrease insulin resistance, decrease
luid loss, and improve survival.216 They are usually performed
between the second day and the second week, often necessitating
massive transfusion, temperature control, and management of
luid, electrolyte, and coagulation abnormalities. Usually, an autograft harvested from either the patient, a cadaver, or both is used.
An artiicial skin substitute, Integra-ting (Integra Life Sciences,
Plainsboro, New Jersey), consisting of a dermal inner layer made
of bovine collagen and chondroitin-6-sulfate and a neoepidermal
outer layer made of polysiloxane polymer may also be used with
more favorable reduction of resting energy expenditure and elevation of serum proteins compared with that of cadaver skin.188
Anesthetic management of escharotomies presents several dificulties. Burned tissue may prevent access for ECG, pulse oximmanagement of intraoperative
eter, neuromuscular function, and noninvasive blood pressure
complications
monitoring. Needle electrodes or surgical staples, a relectance
pulse oximeter, and an arterial catheter may be necessary. Largepersistent hypotension
bore intravenous catheters are essential. Hyperthermia occurs, but
hypothermia is more likely in the OR and is to be avoided. Expo- 12 Persistent hypotension following trauma is usually the result of
one of four mechanisms: bleeding, tension pneumothorax, neurosure and evaporative luid loss necessitate maintenance of the OR
genic shock, or cardiac injury. Although many other causes, such
temperature between 28°C and 32°C, use of countercurrent luid
as citrate intoxication (hypocalcemia), hypothermia, coronary
and blood warming devices, surface heating with forced dry, warm
artery disease, allergic reactions, or incompatible transfusion may
air, and humidiied inspired gases. Blood loss can be controlled by
be responsible for this complication, they occur infrequently.
restricting the escharotomy to 15% to 20% TBSA, using extremity
Hypotension is most likely due to bleeding. The source may be
tourniquets, administering topical thrombin and ibrin sealants
obvious, such as external bleeding from the skull or an open veson the excised area, applying dilute epinephrine solution topisel in the extremities, or hidden. The thoracic and abdominal cavcally (1:10,000) or by injection (0.5 mg per 1,000 mL), and using
ities and the pelvic retroperitoneal space are the most common
compression bandages.217 Epinephrine doses of up to 6.7 mg topisites of occult hemorrhage that results in hypotension. Managecally or 0.8 mg by injection into the surgical area are well tolerated.
ment includes early diagnosis and control of the bleeding site plus
The afinity of β-adrenergic receptors to ligands is decreased after
effective luid resuscitation. The latter can best be accomplished
burns. The administration of a large amount of blood and blood
using an infusion system with large-diameter tubing (5 mm) and
products subjects the patient to complications of transfusion, such
a countercurrent heat exchanger. The system should be conas coagulopathy, requiring monitoring of coagulation status and
nected to a 14-gauge or larger cannula, preferably inserted into
administration of adequate replacement therapy.
veins both above and below the diaphragm. The Rapid Infuser
Shock, hyperdynamic circulation, decreased serum albumin
system (Belmont Instrument Corp, Bellerica, Massachusetts),
concentration, increased α1-acid glycoprotein concentration,
which consists of a reservoir, countercurrent heating system, and
and altered receptor sensitivity change the response to various
roller pump, is capable of delivering up to 1,600 mL/min of warm
drugs during the resuscitative and convalescent phases.162 The
luids once the rate of infusion is programmed.
doses of intravenous anesthetics should be reduced during the
Of the isotonic crystalloid solutions, LR is preferred over norresuscitation phase to prevent excessive hemodynamic depresmal saline. Experimental evidence shows that resuscitation with
sion. Burn patients have excruciating pain and exceedingly high
normal saline during uncontrolled hemorrhage is associated with
opioid requirements. A proven anesthetic regimen for excigreater urine output and thus greater luid requirement compared
sion and grafting of burns is isolurane plus large doses of opiwith LR, resulting in hyperchloremic acidosis and dilutional coagoid. The response to depolarizing and nondepolarizing muscle
ulopathy.221 Acidosis does not occur with LR, but tissue edema
relaxants remains unaltered during the irst 24 hours after burn
may result from its slight hypotonicity (∼255 mOsm/L), and
injury. However, after the irst day, succinylcholine should be
neutralization of the citrate anticoagulant in PRBCs may occur
avoided for at least 1 year because it can result in a potentially
because of its Ca2+ content.
lethal increase of serum K+ when the burn size exceeds 10% of
Human serum albumin (5% and 25%) and hydroxyethyl
TBSA. The mechanism of this response is related to up-regulation
starch are the most commonly used colloids. Hetastarch, a high
(increase) of acetylcholine receptors, which ultimately occupy
molecular weight (670 kDa) polymeric glucose compound, is the
the entire muscle membrane, the additional expression of two
most commonly used hydroxyethyl starch in the United States.
newly described isoforms of acetylcholine receptor, and nicotinic
Because of its molecular weight, it remains within the blood ves(neural) α-7 acetylcholine receptors. The latter can be depolarsels and can restore the blood volume. However, it also has an
ized not only by acetylcholine and succinylcholine, but also by
adverse effect on coagulation, especially on platelets, factor VIII,
choline, which thus plays an important role in the development
and von Willebrand factor if it is given in doses exceeding 20 mL/
of hyperkalemia.218 Resistance develops to all nondepolarizing
kg. Its intravascular retention and adverse effects on coagulation
muscle relaxants in patients with burns of >30% TBSA starting at
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are related not only to its molecular weight but also to molar substitution, which is deined as the number of hydroxyethyl groups
per glucose subunit; the higher the molar substitution, the higher
the intravascular retention and thus the more severe the coagulopathy. Efforts to reduce molecular weight and molar substitution in order to maintain intravascular retention and yet minimize coagulopathy recently resulted in the development of a new
compound, hydroxyethyl starch 130/0.4 (VoluvenR, Fresenius
Kabi Norge AS, Halden, Norway), with a molecular weight of 130
kDa and molar substitution of 0.4. It appears to provide adequate
vascular volume expansion with less coagulation abnormality in
major orthopedic surgery patients. Theoretically, the combined
use of luids and moderate doses of vasopressor may rapidly
restore blood pressure to normal levels, limit the luid volume
infused, and improve short-term survival.
Neurogenic shock from spinal cord injury may be missed during initial evaluation, especially in unconscious patients. However,
differentiation of neurogenic shock from hemorrhagic shock is
important. Patients with spinal cord injury are often bradycardic
and readily respond to catecholamine administration. Mistaking
neurogenic shock for hemorrhagic shock may lead to excessive
luid infusion and pulmonary edema in the spinal cord–injured
patient. The reverse error may also occur: depriving patients with
hemorrhagic shock of luids because of misdiagnosis of neurogenic shock. Invasive central hemodynamic monitoring may be
indicated in such patients.134 In some patients, of course, hemorrhagic shock and neurogenic shock may coexist.
Cardiac causes of persistent hypotension include blunt cardiac
injury and pericardial tamponade. Intraoperative TEE can be useful
in the differential diagnosis. The RV is most commonly involved in
blunt cardiac injury. If there is a concomitant increase in pulmonary vascular resistance (e.g., from an associated pulmonary contusion), the RV pressure increases while its output decreases, resulting
in an increased CVP. The raised RV pressure causes the interventricular septum to shift toward the left, decreasing left ventricular
compliance, increasing its diastolic pressure, and decreasing cardiac output. These alterations in cardiac anatomy and ventricular
dynamics can be displayed by TEE, information that can be useful
during interpretation of elevated cardiac illing pressures.
In the absence of TEE, a pulmonary artery catheter may be helpful. Equalization of pressures across the cardiac chambers during
diastole suggests pericardial tamponade. A similar picture may also
be seen in severe blunt cardiac injury, causing dificulty in differential diagnosis. This effect, however, is rare and is usually associated with critical hemodynamic instability. Differential diagnosis
in these instances can be established by pericardiocentesis. Septal
encroachment into the left ventricle from RV contusion results in
an increase in pulmonary artery wedge pressure. Decreasing the
rate of luid infusion in these patients results in a further decrease
in cardiac output. Treatment includes luid infusion, pulmonary
vasodilators if the systemic blood pressure is normal, and inotropic
support if the systemic blood pressure is low. Absence of response
to this treatment is an indication for placement of an intra-aortic
balloon pump. Pulmonary artery catheterization may also help
detect an oxygen step-up from a septal injury. During thoracotomy,
a distended RV should also raise the suspicion of a septal defect.

hypothermia
Shock, alcohol intoxication, exposure to cold, luid resuscitation,
and abnormalities in thermoregulatory mechanisms render the
major trauma patient hypothermic during the initial phase of
injury. A core body temperature below 35°C is often associated
with acidosis, hypotension, and coagulopathy, which in turn may
lead to an increased risk of severe bleeding, need for transfusion,

and mortality.59 Admission hypothermia, which is present in
approximately 50% of patients, is an independent risk factor after
major trauma,222 and the mortality rate increases with decreasing
temperature. Severe hypothermia, which in the trauma patient is
deined as core temperature below 32°C,223 was associated with
a 100% mortality rate in one study,224 although survival of a few
patients with admission temperatures even lower than 32°C has
been reported.225 The intraoperative risk of hypothermia is also
higher for trauma victims than for electively operated patients.
Increased heat loss is seen most commonly in patients with spinal
cord, extensive soft tissue, and burn injuries and in patients who
consumed ethanol preoperatively or those undergoing body cavity surgery.
Other deleterious effects of hypothermia are cardiac depression, myocardial ischemia, arrhythmias, peripheral vasoconstriction, impaired tissue oxygen delivery, elevated oxygen consumption during rewarming, blunted response to catecholamines,
increased blood viscosity, metabolic acidosis, abnormalities of K+
and Ca2+ homeostasis, reduced drug clearance, and increased risk
of infection.222–226 Rewarming after hypothermia, especially at a
rapid rate, may release accumulated metabolic products into the
central circulation, causing further myocardial depression, hypotension, and increased acidosis.
Prevention of hypothermia and correction of body temperature to normal appear to decrease mortality rate, blood loss, luid
requirement, organ failure, and length of ICU stay.227 Convective
warming with forced dry air at 43°C can prevent a temperature
drop in most trauma victims but cannot effectively treat severe
hypothermia because the low speciic heat of air has little heat
content to give to the cold trauma patient, and often, due to the
nature of the surgical procedure, only a limited body surface area
is exposed to warming.227 Circulating-water warmers that cover a
relatively smaller body surface area than forced air warmers may
produce faster rewarming (Fig. 52-14).228 Airway warming can
reduce the heat loss caused by the latent heat of vaporization, but
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FIgURE 52-14. The rate of rise in core temperature with circulating
water and forced air devices used in healthy anesthetized volunteers.
Circulating water devices warm the body faster than forced air devices.
(Reproduced with permission from Wadhwa A, Komatsu R, OrhanSungur M, et al. New circulating water devices warm more quickly than
forced-air in volunteers. Anesth Analg. 2007;105:1681.)
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Multiple factors may be responsible for coagulopathy in trauma:
dilution of coagulation factors and platelets; tissue hypoperfusion;
disturbance of ibrinogen/ibrin polymerization and platelet activity caused by decreased serum ionized (active) Ca++ with infusion
of colloids or by binding to citrate in PRBC, FFP, and platelet
units;231 hypoxia, hypothermia and acidosis; disseminated intravascular coagulation (DIC); and primary ibrinolysis.232,233 DIC
results from acute release of thromboplastin from injured brain,
fat, amniotic luid or other sources, or subacutely from endothelial inlammation or failure interfering with clearance of activated
coagulation factors, causing microthrombi and consumption
coagulopathy.234 It has also been suggested that early coagulopathy, before luid administration, is caused by tissue hypoperfusion, which increases thrombomodulin and diverts thrombin
from ibrin generation to activation of protein C.235 More recently
Johansson et al.236 demonstrated elevated admission circulating
syndecan-1 levels, a marker of degradation of the subendothelial
glycocalyx, in trauma patients, suggesting that the precipitating
event is vascular damage resulting from catecholamine release and
increasing permeability, inlammation, and coagulopathy, probably implying that the interplay among these mechanisms is the
pathogenesis of trauma-induced coagulopathy.237
Hypothermia affects platelet morphology, function, and sequestration; retards enzyme activity; and decreases coagulation factor
function by about 10% for each 1°C drop in temperature, slowing the initiation and propagation of platelet plugs and ibrin clot
as well as enhancing ibrinolytic activity.74,77,232,238 The mechanism
of hypothermia-induced coagulopathy is complex and depends on
the extent of temperature decrease. Down to 33°C, there is little
alteration in coagulation enzyme activity, explaining the practically
unchanged values reported for aPTT.239 Within this temperature
range, coagulopathy results from altered platelet aggregation or
adhesion.239 Thus, the aPTT at temperatures from 33°C to 37°C
does not provide any meaningful information about coagulation
status, even when the test is performed at the hypothermic patient’s
temperature, because it does not measure platelet adhesion. In contrast, thromboelastography at the patient’s temperature may be
relective of the degree of coagulopathy.231 Both enzymatic activity and platelet aggregation are abnormal below 33°C.239 Metabolic
acidosis is probably a stronger coagulation enzyme inhibitor than
hypothermia. It interferes with the generation of thrombin, a factor
essential in activating cofactors, platelets, and enzymes, in addition
to converting ibrinogen to ibrin. This effect of acidosis is potenti13
ated by hypothermia (Fig. 52-15).240
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FIgURE 52-15. Thrombin generation rate in normal, acidotic, hypothermic, and acidotic and hypothermic swine. Thrombin generation was determined by measuring thrombin-antithrombin III concentration in blood
samples obtained at 1-minute intervals in each condition. Note that acidosis and hypothermia decrease thrombin generation rate. (Reproduced
with permission from Martini WZ, Pusateri AE, Uscilowicz JM, et al. Independent contributions of hypothermia and acidosis to coagulopathy in
swine. J Trauma. 2005;58:1002, discussion 1009.)

diagnosis
The perioperative diagnosis of coagulopathy is often made by
observing bleeding from wounds or puncture sites, rather than by
interpretation of laboratory tests. However, the differential diagnosis between consumptive and dilutional coagulopathy requires
laboratory testing. The availability of point of care coagulation
testing (INR, thromboelastography, and thromboelastometry)
reduces the delay in obtaining the results of these tests (Cotton,
2011). In general, the inability to determine the type of coagulopathy does not present a problem because the initial treatment
is similar for both conditions. Nevertheless, the diagnosis of DIC
has prognostic signiicance because its treatment involves elimination of its cause(s). The presence of elevated circulating FDP,
especially when >40 mg/mL, is suggestive of DIC, but the result
of this study will reach the clinician long after the completion of
initial resuscitation. A ibrinogen level <100 mg/dL is also suggestive of DIC, but reduction to this value often takes a long time,
decreasing the diagnostic value of the test, although serial measurements may be useful. A diagnostic scoring system consisting
of platelet count, prothrombin time, ibrinogen level, and FDP
measurements has been suggested to rule DIC in or out.241

treatment
Fresh Frozen Plasma
As discussed above, newer guidelines recommend administration
of thawed FFP immediately after the arrival of severely traumatized, bleeding, coagulopathic patients.59,242 The recommended
dose is 10 to 15 mL/kg; but additional doses may be needed.59,242
Following initial administration, FFP is indicated when the transfusion exceeds 10 U of PRBC within a 6-hour period and when
the PT and/or partial thromboplastin time values exceed 1.5 times
normal.59,242 Inspired by the experience gained during recent
wars, many trauma centers have changed their transfusion protocols and modiied the PRBC to FFP ratio from 4:1 to 1:1 or 2:1.
Many civilian studies indeed showed the beneit of early treatment
with high FFP to PRBC ratios administered to bleeding trauma
patients,58,243,244 although others did not and suggested 2:1 or even
3:1 as a more optimal ratio.242,245 Many studies that demonstrated
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this technique also transfers very little heat.227 Administration
of warm intravenous luids is the most effective way to prevent
and treat hypothermia in the trauma patient, provided they are
administered at a relatively rapid rate. For each liter of luid given
at 40°C to a patient with a body temperature of 33°C, 29.33 kJ of
heat energy are gained (the speciic heat of water is 4.19 kJ/L/°C).
Countercurrent heat exchange systems (Belmont Rapid Infuser,
Belmont Instrument Corp., Bellerica, Massachusetts) warm the
luid to 40°C, and the delivered luid temperature is little affected
by the rate of administration.
Deliberate therapeutic hypothermia in hemorrhaging patients,
and selectively in brain-injured patients with GCS between 4 and
7, may have some salutary effects on outcome.59 However, in view
of contradictory reports about beneicial and deleterious effects
such as hypotension, hypovolemia, electrolyte disorders, insulin
resistance, reduced insulin secretion, and increased risk of infection, it is prudent to evaluate the results of future studies before
introducing this measure into clinical practice.229,230
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a beneit of high plasma to PRBC ratio have been found to have
survivor bias. Patients who died early and did not have the opportunity to receive a high plasma to PRBC ratio were considered
to be deaths secondary to low plasma to PRBC ratio component
therapy, whereas those who survived longer and received high
plasma to PRBC ratios were considered survivors due to the component therapy.246 Hemostatic resuscitation should be most active
during the period of surgical hemorrhage and should be terminated after the bleeding is controlled and there is no coagulopathy.
It should be emphasized that large volumes of FFP may worsen
traumatic intracerebral hematoma, increasing the mortality of
head-injured patients.247 FFP is also indicated for reversal of coagulopathy in patients receiving vitamin K antagonist oral anticoagulants if prothrombin complex concentrates or factor IX concentrates are not available.59 The risks associated with FFP include
circulatory overload, ABO incompatibility, transmission of infectious diseases, mild allergic reactions, and transfusion-related acute
lung injury, in which platelet concentrates are also implicated.59

Platelets
Platelet transfusion is indicated when the platelet count falls
below 50 × 109/L. It is possible that in patients with DIC or hyperibrinolysis and in those with head injury and massive bleeding,
higher levels (75 or 100 × 109/L) may be beneicial. High platelet
to PRBC ratios (1:1 or 1:2) appear to decrease mortality in trauma
patients.243 Platelets can be administered either as pooled concentrates or single-donor apheresis units. From each unit of whole
blood, platelet concentrates of 7.5 × 1010/L can be prepared, which
increase platelet count by 5 to 10 × 109/L; 4 to 8 U are usually suficient. Apheresis platelet units contain 3 to 6 × 1011/L platelets,
and a single unit is usually suficient to provide hemostasis.59

TAbLE 52-15. Conditions required
to justify the use of
reCombinant faCtor viia
(rfviia) in CoaguloPathiC
trauma Patients
• Surgical bleeding is controlled
• PRBC, platelet, FFP, and cryoprecipitate or ibrinogen
administration results in Hct >24% and platelets >50 ×
109/L, ibrinogen >1.5 to 2.0 g/L
• Severe acidosis (<7.25) is corrected
• Antiibrinolytics are used
• Severe hypothermia and hypocalcemia are corrected
PRBC, packed red blood cells; FFP, frozen fresh plasma; Hct, hematocrit.

contains all of the endogenous antiibrinolytic elements and the
protocol is routinely activated in severe trauma patients.249 Nevertheless, they should be considered in patients who demonstrate
ibrinolysis during serial thromboelastographic or thromboelastometric monitoring. The usual dose of tranexamic acid is 10 to
15 mg/kg followed by 1 to 5 mg/kg/hr. The dose of ε-aminocaproic
acid is 100 to 150 mg/kg followed by 15 mg/kg/hr.59

Factor VIIa

By activating factor X, factor VIIa produces a thrombin burst,
which in turn converts ibrinogen to ibrin. This thrombin release
is augmented by platelet activation. Severe acidosis, hypothermia,
and hemodilution block the effects of factor VIIa. Thus to obtain
Fibrinogen
beneit, it should be administered after platelet and ibrinogen
levels are adequate and pH and hypothermia are corrected to at
In the trauma patient, a plasma ibrinogen level below 1.5 g/L
least 7.25 and 33°C, respectively. The dose of recombinant fac(normal 2 g/L) in the presence of nonsurgical bleeding indicates
tor VIIa is controversial.59 The originally recommended dose is
replacement with 3 to 4 g of ibrinogen concentrate or cryoprecipi200 µg/kg followed by 100 µg/kg 2 more times from 1 to 3 hours
tate 50 mg/kg (15 to 20 U).59 Obtaining a ibrinogen level from the
later.250 More recently, an initial dose of 100 to 140 g/kg, with
laboratory not only may take about an hour and also may be erroa similar dose repeated 1 and 3 hours later, if needed, has been
neous; for example in patients receiving colloids, the ibrinogen
14 level may be overestimated.59 Repeated use of point of care devices,
shown to provide adequate hemostatic plasma levels.251 Recombinant factor VIIa may be indicated for off-label use if major bleedTEG or thromboelastometry, allows titration of ibrinogen or cryoing persists after standard measures of hemostasis are used and
precipitate and other blood products (see Fig. 52-12). For example,
conditions listed in Table 52-15 are reached.59 A clear explanation
in normal individuals a maximum clot irmness of 7 mm measured
should be given to the patient’s family about its potential for artewith thromboelastometry corresponds to a plasma ibrinogen conrial and venous thromboembolism (5.6% vs. 3% with placebo).252
centration of 2 g/L; maximum clot irmness values <7 mm require
15
Prothrombin complex concentrate (PCC, factor IX complex)
administration of ibrinogen or cryoprecipitate.201
contains factors II, VII, IX, and X. In the trauma setting, it is used
for rapid reversal of vitamin K antagonist oral anticoagulants (warAntifibrinolytic Agents
farin), especially in patients with intracranial bleeding.253 A similar
effect can be obtained by administering FFP, but at a much slower
The synthetic lysin analog antiibrinolytic agents, tranexamic acid
rate and a larger infused volume; however, there is a smaller risk
and ε-aminocaproic acid, competitive inhibitors of plasmin and
of viral transmission.254 PCC is not effective for reversing direct
plasminogen, are effective in reducing bleeding in cardiac
thrombin inhibitor anticoagulants (dabigatran [Pradaxa]), which
and elective surgery, even when a signiicant hyperibrinolysis is
have been recently used to prevent stroke in patients with atrial
absent.59 The recently reported Clinical Randomization of Antiibrillation. Whether PCC is effective in bleeding trauma patients
ibrinolytic in Signiicant Hemorrhage study of 20,000 patients
who are not on warfarin is not clear. As with recombinant factor
from 274 sites demonstrated that tranexamic acid given within
VIIa, thrombotic complications are increased with PCC.254
3 hours of injury (1 g in a 10-minute bolus and then 1 g infused
over the next 8 hours) decreased mortality from hemorrhage;
this reduction was 37% if the drug was given within 1 hour after
electrolyte and acid-Base disturbances
injury. On the other hand, tranexamic acid given beyond 3 hours
Intraoperative hyperkalemia may develop as a result of three
of injury increased bleeding-related mortality.248
mechanisms. First, in patients with irreversible shock, cell memIt is unlikely that antiibrinolytics will be used in major trauma
brane permeability is altered, thus massive K+ eflux results in
centers because the FFP used in the massive transfusion protocol
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severe hyperkalemia; in this situation, survival is unlikely. Second,
after repair of a major vessel, subsequent reperfusion of the ischemic tissues results in a sudden release of K+ into the general circulation. Third, transfusion at a rate faster than 1 U every 4 minutes
in an acidotic and hypovolemic patient may cause an increase in
plasma K+ levels. Frequent monitoring of serum K+, gradual and
intermittent unclamping of vascular shunts, and avoiding transfusion at higher rates than needed help reduce the rate of K+
increase. If a rise in K+ is detected, treatment with regular insulin,
10 U intravenously, with 50% dextrose, 50 mL, and sodium bicarbonate, 8.4%, 50 mL is indicated. If there is a dysrhythmia, CaCl2,
500 mg, should also be administered. Insulin and dextrose can be
repeated 2 or 3 times at 30- to 45-minute intervals, if necessary.
Hemodialysis may be indicated in desperate situations.
Metabolic acidosis is caused by shock in most trauma patients.
Other rare causes of acidosis in this population are alcoholic lactic
acidosis, alcoholic ketoacidosis, diabetic ketoacidosis, and CO or
CN− poisoning after inhalation injuries. The differential diagnosis between hypovolemic, diabetic, and alcoholic acidosis, all of
which have anion gaps, requires measurement of blood lactate,
urinary ketone bodies, and blood sugar and assessment of intravascular volume. Alcoholic ketoacidosis is treated with intravenous dextrose, whereas diabetic ketoacidosis is managed with
insulin. No speciic treatment except intravenous normal saline
exists for alcoholic lactic acidosis.
Treatment of metabolic acidosis involves correction of the
underlying cause: management of hypoxemia, restoration of
intravascular volume, optimization of cardiac function, or treatment of CO or CN− toxicity. Symptomatic treatment with sodium
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bicarbonate has serious disadvantages, including leftward shift
of the oxyhemoglobin dissociation curve causing decreased O2
unloading, a hyperosmolar state secondary to the excessive sodium
load, hypokalemia, further hemodynamic depression, overshoot
alkalosis a few hours after giving the drug, and intracellular acidosis if adequate ventilation or pulmonary blood low cannot be provided. Nevertheless, because of the possibility that severe acidosis
can cause dysrhythmias, myocardial depression, hypotension, and
resistance to exogenous catecholamines, some clinicians administer bicarbonate to buy time if the pH is <7.2.

intraoperative death
Death is a much greater threat during emergency trauma surgery
than it is in any other operative procedure. Approximately 0.7% of
patients admitted for acute trauma die in the OR, accounting for
approximately 8% of postinjury deaths.255 Uncontrollable bleeding is the cause of approximately 80% of intraoperative mortality;
brain herniation and air embolism are the most common causes
of death in the remaining patients.255 A multicenter, retrospective
study has deined certain features that increase the likelihood of
OR death (Table 52-16).255 Rapid transport to the OR, rapidly
stabilizing life-threatening injuries while deferring deinitive surgery (damage control), simultaneous thoracotomy and laparotomy for thoracoabdominal injuries, appropriate management of
retroperitoneal hematoma, and early correction of hypothermia
and shock may reduce intraoperative mortality rates.255
Of these measures, the damage control principle has reduced
not only the intraoperative, but also the overall mortality from

Category

Clinical Features

Mechanism of injury

Gunshot wound
Pedestrian injuries
Mean injury severity score >41
Mean revised trauma score >3.0
Mean BP in the ield <50 mm Hg
Mean BP on arrival to ED <60 mm Hg
Best systolic BP in the ED <90 mm Hg
Circulatory shock time >10 min
Best mean pH <7.18
Mean preoperative crystalloid resuscitation >3,850 mL; mean red cell transfusion >834 mL
Signiicant head, chest, abdominal, and pelvic injuries individually or in combination after blunt
trauma
Signiicant chest and abdominal injuries individually or in combination after penetrating trauma
Brain
Liver
Aorta or other major vascular injury
Cardiac injury
Systolic BP <90 mm Hg during irst hour
Systolic BP <90 mm Hg for >30 min
Deterioration of mean pH from 7.19 to 7.01
Mean intraoperative blood loss 5,172 mL; mean blood replacement 4,541 mL
Mean platelet transfusion 784 mL
Mean fresh frozen plasma 1,418 mL
Mean intraoperative temperature 32.2°C
Intraoperative cardiac arrest

Injury severity
Preoperative physiologic proile

Type of injury

Organ injury

Operating room resuscitation and
physiologic status

BP, blood pressure; ED, emergency department.
Data from Hoyt DB, Bulger EM, Knudson MM, et al. Death in the operating room: An analysis of a multi-center experience. J Trauma. 1994;37:426.

tahir99-VRG & vip.persianss.ir

ANESTHESIA FOR SURGICAL
SUBSPECIALTIES

TAbLE 52-16. CliniCal features assoCiated with intraoPerative mortality

1528

Section Vii Anesthesia for Surgical Subspecialties

trauma surgery, although morbidity from sepsis, abscess formation, and gastrointestinal istulas may increase.256 Originally
described in three stages, the current suggestion is that it should be
managed in four phases. In the irst phase, attention is directed in
the ED to recognition of the pattern of injury, control of bleeding
if possible, and rapid transport to the OR, as well as the decision
to initiate damage control resuscitation by limiting crystalloid
infusion, allowing permissive hypotension, activating rewarming,
and initiating blood component replacement with early administration of FFP and platelets at high ratios with PRBC.257
The second phase occurs in the OR where, in addition to efforts
to maintain the patient’s intravascular volume, temperature, acidbase status, and coagulation at near normal levels with damage
control resuscitation, the surgeons rapidly control bleeding and
leave the abdominal cavity open without fascial closure, but temporarily covered by a Vac-Pac dressing, which allows an enlarged
space for edematous organs and controlled egress of luid.
The third phase takes place in the ICU where intravascular
volume, hypothermia, acidosis, and coagulation abnormalities are corrected. In the fourth phase, the stabilized patient is
returned to the OR for deinitive surgery and abdominal closure.
The fourth phase involves multiple returns to the OR at 24- to
48-hour intervals for organ repair, abdominal washout, and
debridement before the inal closure of the abdomen. The damage control principle, originally proposed for abdominal trauma,
is now applied to injuries at other anatomical sites, including the
chest, pelvis, extremities, and soft tissues.258

EARLY pOSTOpERATIVE
CONSIDERATIONS
The concerns in the early postoperative period are similar to those
of the intraoperative phase. Re-evaluation and optimization of
the circulation, oxygenation, temperature, CNS function, coagulation, electrolyte and acid-base status, and renal function are
the hallmarks of postoperative management. Pain control in this
group of patients may have more than a humanitarian purpose;
it can improve pulmonary function, ventilation, and oxygenation
in patients with chest injury or a long abdominal incision. For
sedation in mechanically ventilated patients, both propofol (25

to 75 µg/kg/min) and midazolam (0.1 to 20 µg/kg/min) infusions
alone or in combination are equally effective and safe, although
wake-up time in patients receiving midazolam is longer (660 ±
400 minutes) than in those receiving propofol alone (110 ± 50
minutes) or in both agents combined (190 ± 200 minutes).259
Morphine 0.02 to 0.04 mg/kg/hr or fentanyl 1 to 3 µg/kg/hr may
be added for analgesia. Small boluses of midazolam (3 to 5 mg),
propofol (50 mg), morphine (2 to 3 mg), or fentanyl (25 to 50 µg)
may also be given as required.259

acute Renal failure
Acute renal failure is a possibility if prolonged shock or crush syndrome occurs during early management. In a study aimed at inding the predictors of acute renal failure, trauma was one of the
seven independent predictors of this complication.260 Following
an episode of shock in patients who have not received an osmotic
load (radiopaque material, mannitol) or diuretic, determination
of 2- or 6-hour creatinine and free water clearances may help predict the development of posttraumatic renal dysfunction.261 Creatinine clearance <25 mL/min and free water clearance ≥−15 mL/hr
suggest the likelihood of acute renal failure. Decreased urine low
rate is not a good predictor, and the blood urea nitrogen does not
rise until at least 24 hours after surgery or trauma.261
The cause of renal failure in crush syndrome is probably
rhabdomyolysis-induced myoglobin release into the circulation.
Serum creatinine kinase levels increase in these patients; levels
>5,000 U/L are associated with renal failure.262 The differentiation of myoglobinuria from hemoglobinuria was described in the
“Urine Output” section. A clear supernatant suggests myoglobin,
whereas a rose color indicates hemoglobin. The traditional prophylaxis for renal failure after rhabdomyolysis includes luids,
mannitol, and bicarbonate. However, more recent data suggest
that bicarbonate and mannitol are ineffective.262

abdominal compartment Syndrome
Abdominal compartment syndrome results from intra-abdominal hypertension with organ dysfunction after major abdominal
trauma and surgery (primary syndrome), although other patients
Abdominal Compartment Syndrome

FIgURE 52-16. Physiologic effects of abdominal compartment syndrome. Image
in the center is a patient whose abdomen
was left open but covered with nonadhesive
dressing. Cdyn, dynamic pulmonary compliance; CO, cardiac output; CPP, cerebral
perfusion pressure; CVP, central venous
pressure; GFR, glomerular filtration rate;
ICP, intracranial pressure; PAOP, pulmonary
artery occlusion pressure; Paw, mean airway
pressure; pHi, intramucosal pH; PIP, peak inspiratory pressure; Qsp/Qt, intrapulmonary
shunt; SMA, superior mesenteric artery;
SVR, systemic vascular resistance; Vd/Vt,
dead space ventilation. (Adapted with permission from Cheatham ML. Intra-abdominal hypertension and abdominal compartment syndrome. N Horizons. 1999;7:96.)
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chapteR 52 Trauma and Burns

Very High
Risk
Factors (C)

Duplex of LE within
72 hr then every 5–7
days after that

LMWH +/–
SCD
+

IVC
filter
+/–

NO
YES
LMWH +/–
SCD

High Risk
Factors (B)

+

SCD or no DVT
prophylaxis if no
high or very high risk
factors present

NO

A. Moderate risk factor
Age >40a
ISS>9a
Surgical procedure within 72 hra
Immobilizationa
Pregnancya
Estrogen therapya
History of DVT or PEa
Malignancya
Hypercoagulabilitya
Extensive soft tissue traumaa
CHFa

Moderate
risk
Factors (A)

NO

LMWH +/–
SCD

B. High risk factors
Age>50a
ISS>16a
Femoral line placed in baya
GCS<9a
Venous injurya
Major lower extremity injuryb

Duplex of LE within
72 hr then every 5–7
days after that

C. Very High/ “refractory” risk factors
Spinal cord injurya,b
AIS (head and neck>/=3)-long bone fracturea
Multiple >/3 long bone fracturesa
Severe pelvic fracturea,b
Mechanical ventilation longer than 3 daysb
Severe LE fracture + ISS >16b
Cannot be anticoagulated High or very high risk factorsa

FIgURE 52-17. Prophylaxis model based on combination of Eastern Association for Surgery of Trauma (EAST) recommendations and the data from Baldwin et al. in blunt trauma patients. Venous thromboembolism risks are classified as moderate, high,
and very high. Risk criteria in each of these groups are marked with a superscript of “a” (meaning based on EAST guidelines)
and “b” (meaning based on baldwin et al. data). Low molecular weight heparin is used unless contraindicated. AIS, abbreviated
injury score; CHF, congestive heart failure; DVT, deep vein thrombosis; GCS, Glasgow coma score; IVC, inferior vena cava; ISS,
injury severity score; LE, lower extremity; PE, pulmonary embolism; SCD, sequential compression device. (Reproduced by permission from baldwin K, Namdari S, Esterhai SL, et al. Venous thromboembolism in patients with blunt trauma: Are comprehensive
guidelines the answer? Am J Orthop. 2011;40:E83.)

may develop the syndrome without surgery, for example, during massive luid resuscitation following major trauma or burns
(secondary syndrome).263–266 The syndrome results from massive
edema of abdominal organs produced by shock-induced inlammatory mediators, excessive luid resuscitation, surgical manipulation, and closure of the abdominal fascia. The signiicant cardiac,
pulmonary, renal, gastrointestinal, hepatic, and CNS dysfunction
caused by this syndrome result in a high mortality rate (Fig. 52-16).
Clinically, a tense, severely distended abdomen, raised peak
airway pressure, CO2 retention, and oliguria should direct the clinician to measure the intravesical pressure via a Foley catheter,
which relects the intra-abdominal pressure. Values >20 to 25
mm Hg may indicate inadequate organ perfusion and necessitate
abdominal decompression, which, if delayed, may result in progression to multiorgan failure and death.263,266 Almost all of these
patients require mechanical ventilation. If a pulmonary artery
catheter is in place, attributing a relatively high PCWP to the ventilator and continuing high-volume luid infusion may further
increase intra-abdominal edema and increase mortality.267 Interestingly, patients who will develop abdominal compartment syn-

drome often do not respond to luid administration with elevated
cardiac output, despite an increasing PCWP.267
It should be emphasized that recent advances in the management of acute trauma and critical care, such as limiting crystalloid infusion, hemostatic resuscitation, damage control, and open
abdomen strategies have substantially decreased the incidence
of postinjury abdominal compartment syndrome.268 Postinjury
intra-abdominal hypertension still occurs commonly in severely
injured high-risk patients, but it is not associated with multiorgan failure in most instances. In other words, unlike in the past,
intra-abdominal hypertension is seldom a harbinger of abdominal compartment syndrome or multiorgan failure. It is believed
that limiting crystalloid infusion is the most important factor in
this salutary evolution.268

thromboembolism
The overall incidence of venous thromboembolism (VTE) involving DVT and PE is 3.2% in blunt trauma patients.269 However,
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DVT occurs in 30% of major lower-extremity injuries, 30% of
spine injuries, 46% of major head injuries, 33% of major thoracic injuries, and 15% of serious injuries of the face or abdomen
despite implementation of effective clinical management guidelines.269 When injuries involve more than one of these high-risk
regions, the likelihood of DVT is even higher.269 Fortunately, only
a relatively small fraction (0.3%) of severely injured patients have
PE.269 Statistically signiicant risk factors for VTE are mechanical
ventilation for longer than 3 days, injury severity score >15, spinal
cord injury, major lower extremity bony trauma, and pelvic ring
injury.269 In most instances, DVT is asymptomatic, and in many of
those in whom leg swelling develops, concurrent lower-extremity
injuries may be implicated. The diagnosis of proximal DVT in
symptomatic patients can be made by duplex ultrasonography,
but this method has low sensitivity in the absence of symptoms.270
Venography, which is the gold standard, can be performed in
equivocal cases, although it is associated with complications and
inherent logistical problems. Hypoxemia, especially when sudden and associated with dyspnea and hemodynamic abnormalities, even very early after injury, is highly suggestive of PE. The
deinitive diagnosis is established by spiral CT and pulmonary
angiography. In hemodynamically unstable patients, resuscitation takes precedence over radiologic diagnosis. Management is
symptomatic and includes tracheal intubation, positive pressure
ventilation with FiO2 of 1.0, administration of luids and inotropes (amrinone or milrinone), and continuous arterial and CVP
monitoring. TEE is helpful because it may demonstrate RV performance, tricuspid regurgitation, or, in some cases, the thrombus within the pulmonary artery, the right heart chambers, or in
transit through a patent foramen ovale to the left atrium.
Baldwin et al.269 reviewed their experience of VTE in more
than 10,000 blunt trauma patients over a period of 10 years.
These patients were managed using the clinical management
guidelines recommended by the Eastern Association for the Surgery of Trauma (EAST).271 Based on their experience, they proposed the management pathway shown in Figure 52-17, which
combined the EAST-deined risks with their own for moderate,
high, and higher risk factors; their modiied pathway is based
on this. Currently, prophylaxis involves application of sequential compression devices, even if one of the lower extremities is
free of trauma, and low molecular weight heparin if bleeding is
unlikely to exacerbate the injury. Low-dose unfractionated heparin appears to be ineffective in trauma patients.272 Mechanical
devices such as sequential compression boots should be applied
as early as possible after injury. Late (>4 days) initiation of prophylaxis, whether because of massive transfusion, low anticipated
risk due to absence of comorbidity, or because of fear of intracranial bleeding after a severe head injury, has been shown to triple
the risk of venous thromboembolism.273 Consideration should
be given to placement of a vena cava ilter if the risk of bleeding is unacceptably high. Removable vena cava ilters are now
available and are likely to be used prophylactically in high-risk
patients more often than permanent ilters, which are associated
with long-term complications. In patients with severe hemodynamic depression or cardiac arrest unresponsive to resuscitative
measures, thrombolytic agents may be considered, despite the
risk of hemorrhage.
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