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INTRODUCTION
Background
Injury is the leading cause of fatality worldwide, causing more than 5 million deaths, or 9% of the world’s
deaths, each year.1 According to the Centers for Disease Control and Prevention (CDC), trauma accounted
for approximately 192,900 deaths in 2013, costing over
$400 billion in health care cost and productivity loss
in the United States. Trauma is the most frequent cause
of fatality in those aged 1 to 44 years, accounting for
31.9% of deaths in age group 1 to 9 years, 40.5% in
age group 10 to 24 years, and 27.1% in age group 25 to
44 years.2 The relative burden of disease of trauma disproportionately affects younger age groups with trauma
responsible for over 30% of years of potential life lost in
people younger than the age of 65 years.3
During the past decades, mortality trends have continued to decrease as care for the severely injured patient
has improved. Emergent care for the severely injured
is aggregated at designated trauma centers, which are
independently verified by a strict criteria stipulated
by the American College of Surgeons. The most specialized trauma centers, designated as Level I, have the
ability to deliver 24-hour specialized multidisciplinary
care. Trauma care delivered at Level I trauma centers
decreases overall mortality risk by 25% when compared
to nontrauma centers.4 Anesthesia providers, in particular, play a vital role in the acute resuscitation and management of severely injured patients. In this chapter, the
basics of trauma care for anesthesia providers will be
discussed.!

The editors and publisher would like to thank Dr. Eric Y. Lin
for contributing to this chapter in the previous edition of this
work. It has provided the framework for much of this chapter.
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Table 42.1

Blood

lossa

Anesthesia for Trauma

Classes of Hemorrhagic Shock in Adults
Class I

Class II

Class III

Class IV

(mL)

Up to 750

750-1500

1500-2000

>2000

Blood loss (% blood volume)

Up to 15%

15%-30%

30%-40%

>40%

Pulse rate (BPM)

<100

100-120

120-140

>140

Systolic BP

Normal

Normal

Decreased

Decreased

Pulse pressure

Normal or increased

Decreased

Decreased

Decreased

Respiratory rate

14-20

20-30

30-40

>35

Urine output (mL/h)

>30

20-30

5-15

Negligible

CNS/mental status

Slightly anxious

Mildly anxious

Anxious, confused

Confused, lethargic

aFor

70-kg adult.
BP, Blood pressure; BPM, beats per minute; CNS, central nervous system.
Modified from the Advanced Trauma Life Support (ATLS) program.

Physiology in Trauma
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Physiologic derangements in patients who have suffered
trauma-induced injuries depend on the mechanism and
severity of injury. Most commonly, hypotension in trauma
is the result of severe blood loss or “hemorrhagic shock,”
which is the main cause of fatality in critically injured
patients. After sources of hemorrhagic shock are investigated, other causes of shock must also be considered when
encountering hypotension in the setting of trauma. Relative hypovolemia from obstructed venous return in cases
of tension pneumothorax or cardiac tamponade, cardiogenic shock, and neurogenic shock must be considered.
The initial presenting arterial blood pressure values of
a trauma patient may be misleading in early hemorrhage.
The degree of hemorrhage can be masked by compensatory
reflexes via sympathetics, carotid sinus and aortic arch
baroreceptors, and other low-pressure receptors. The reninangiotensin system and vasopressin secretion from the
pituitary play a later compensatory role. These responses
allow sympathetic vasoconstriction of the arterioles to
increase total peripheral resistance, venoconstriction to
increase venous return, and an increase in heart rate. With
extreme hypoxia and acidosis, the central nervous system
also provides additional sympathetic stimulation.
Hemorrhagic shock can generally be divided into a
compensated and progressive phase. Each phase has different characteristics depending on the acuity and volume of blood lost (Table 42.1).
In compensated hemorrhage, physiologic compensatory
mechanisms that are intact may be adequate to sustain
systemic perfusion without clinical intervention. About
10% to 15% of blood loss may be adequately compensated
by physiology alone. As blood loss continues, hemorrhagic
shock progresses and ultimately leads to multiorgan failure
if resuscitation has been inadequate. If inadequate perfusion persists, generalized tissue and cellular necrosis, cardiac dysfunction, and metabolic acidosis occur.

Coagulopathy

Hypothermia

Decreased mycardial performance

Metabolic
acidosis

Fig. 42.1 Lethal triad.

Hemorrhagic shock and tissue hypoperfusion subsequently lead to complex interactions between inflammatory factors, intrinsic anticoagulants, and other cellular
dysfunctions that can cause an acute traumatic coagulopathy after injury. This coagulopathy is attributed to
factor deficiency, hyperfibrinolysis, and platelet dysfunction. Iatrogenic factors of resuscitation can further
disrupt the coagulation process. These factors include
hemodilution, hypocalcemia, hypothermia, and acidosis. This is known as trauma-induced coagulopathy. All
of these processes lead to a positive feedback loop that
eventually ends in death. Hypothermia, coagulopathy,
and acidosis are commonly termed the triad of death or
lethal triad (Fig. 42.1). Hemorrhagic shock may cross a
threshold at which it becomes irreparable despite blood
transfusions and other therapies owing to severe, irreversible multiorgan failure.!
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INITIAL MANAGEMENT
Successfully managing a patient who has suffered a
major trauma requires a coordinated systematic approach
to history, examination, diagnosis, and treatment and
these processes must run in parallel. Often initial management is commenced before a definitive diagnosis has
been established.
Each patient has a unique constellation of injuries and
mechanisms, and when combined with his or her premorbid status there are an immeasurable number of potential presentations. To prepare for the unpredictability of
trauma, many of the initial assessment and management
processes are standardized and clinicians must be familiar
with their local institution’s policies and guidelines.
This section will focus on the initial management of
a major trauma patient, focusing primarily on the time
in the emergency department. The initial management
can significantly influence intraoperative care. The components of a mature trauma system can be divided into
prearrival, the trauma bay, adjuncts, and definitive care.

Prearrival Preparation
Preparation for the arrival of an intensely injured patient
enables the trauma team to deliver rapid, effective care,
which is essential for a positive outcome to occur. This
involves more than just confirming that essential equipment is present and functioning. Although these checks
are very important, there are also organizational and
patient-specific preparations that need to be considered.
Universal/Organization Preparation

Caring for a major trauma patient requires the mobilization and deployment of a large and diverse range of health
care resources to a single point. Preparations are not limited to, but should include the following considerations:
• Designated trauma bay in the emergency department
• Who attends trauma call? How are they notified?
• Policies and protocols regarding activation of
- Emergency radiology
- Emergency operating room (OR) use (also see
Chapter 46)
- Massive blood transfusion (also see Chapter 24)
- Transport
- Referral pathways to internal and external providers
Needless to say, these issues should be addressed before
the arrival of a critically ill patient. Because of the unpredictable nature of trauma, it is reasonable to expect a
novel set of circumstances that can overwhelm or bypass
an organization’s existing preparation. In this eventuality, it is the responsibility of the clinicians involved as
members of a learning organization to alert those providing the required resources.!
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Box 42.1 IMIST—Paramedic Handover Tool
Identification of the patient

Age
Gender
Name (if known)
What happened?
Known/suspected injuries

Mechanism/medical complaint
Injuries/information relative to
the complaint
Signs (vital signs and Glasgow
Presence of breath sounds
Coma Scale score)
Tracheal deviation
Treatment and trends/response to Vital signs
treatment
Drugs
Fluids
Splints

Patient-Specific Preparation

This should occur immediately before the arrival of a
major trauma patient. Information regarding the patient’s
injury and status should be provided to emergency
department staff by the ambulance service to facilitate
resource mobilization.
Most ambulance services around the world use a
standardized handover tool to provide essential information in a succinct and efficient manner. An example
of this tool is IMIST, a mnemonic for Identification of
the patient, Mechanism/medical complaint, Injuries/
information relative to the complaint, Signs (including vital signs and Glasgow Coma Scale [GCS] score),
Treatment and trends/response to treatment (Box 42.1).5
With this information, the health care team can begin to
anticipate what the patient’s clinical needs may be and
prepare accordingly.!
Prearrival Briefing

The purpose of this briefing is to optimize team efficiency
and performance. This enables all members of the team to
introduce themselves, develop group situational awareness about the known condition of the patient, and to
assign appropriate team roles.!

Trauma Bay
Primary Survey

Once the patient arrives the focus of the team shifts to
rapid and simultaneous diagnosis and treatment of lifethreatening conditions.
The Advanced Trauma Life Support (ATLS) approach
has been widely adopted throughout the world. It is structured into primary, secondary, and tertiary surveys. This
chapter will only address the primary survey.
The purpose of the primary survey is to identify and
treat immediately life-threatening injuries. It is organized
into the ABCDE mnemonic (Airway and cervical spine
control, Breathing and oxygenation, Circulation and
hemorrhage control, Disability, and Exposure; also see
Box 42.2). The ATLS course is highly recommended as an
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Box 42.2 Primary Survey
A
B
C
D
E

Airway and cervical spine control
Breathing and oxygenation
Circulation and hemorrhage control
Disability
Exposure

Modified from the Advanced Trauma Life Support (ATLS) program.

Box 42.3 Patients Who May Require Endotracheal
Intubation
•
•
•
•
•
•
•

Maxillofacial trauma
Major hemodynamic instability
Low Sao2
Burns
Head injury
Intoxicated/behavioral/safety issues
Transport (radiology/OR/ICU/external)

ICU, Intensive care unit; OR, operating room.

introduction to trauma management. Most importantly
it provides a common language and framework to organize thinking required for optimal individual and team
performance.!
Airway and Oxygenation (Also See Chapter 16)

Establishment of a patent airway is of paramount
importance to ensure a positive outcome for the
patient. Rapid assessment is most easily achieved by
asking the patient some simple questions. If the patient
can speak, then the airway is usually patent. Intervention may still be required, but there is time to plan the
safest treatment.!
Management of the Airway and Trauma

The need to provide a definitive patent airway for the
patient (an endotracheal tube) can occur for many reasons (Box 42.3). First, the process of induction of anesthesia for the purpose of endotracheal intubation may be
a high-risk and dangerous procedure. The top priority is
always to maintain adequate tissue oxygenation. If a patent airway is maintained with simple airway maneuvers,
then there is time to optimize the patient’s physiology and
properly prepare for attempting endotracheal intubation.
Consideration should be given to performing a focused
neurologic assessment preinduction, if the clinical situation allows. This can provide invaluable information that
is very difficult to obtain in the sedated, endotracheally
intubated patient.
There are several differences in the approach to intubating the trachea in a trauma patient in the emergency
department as compared to an elective surgical patient
in the OR.!

Anesthesia for Trauma

Preoxygenation (Administration of Oxygen Before
Induction of Anesthesia)

Preoxygenation in the patient who has injuries from
trauma can be challenging. The objective of preoxygenation is to “denitrogenate” the lung, thus providing a
reservoir of oxygen in the patient’s functional residual
capacity (FRC) to prevent desaturation during the apneic
phase of intubation of the trachea (also see Chapter 16).
However, many of the injuries sustained by trauma
patients prevent this process from being as effective as
in a patient with less severe injuries. Specifically, any
injury that reduces FRC or creates a shunt (lung units
that are perfused but not ventilated) will increase the
likelihood of desaturation despite technically adequate
preoxygenation. Examples of such injuries include direct
lung parenchymal injury, hemothorax or pneumothorax, tracheal aspiration of blood or gastric contents,
intra-abdominal bleeding, diaphragmatic injury, and rib
fractures. Addition of an alternate oxygen source to provide apneic oxygenation throughout the peri-intubation
period has been discussed in the emergency department
literature.6 Despite a theoretical benefit, as a result of all
the issues with preoxygenation in trauma patients, no
benefit has been demonstrated in experienced laryngoscopists’ hands.7 The best defense against desaturation is
reducing total apneic time.!
Fasting

All trauma patients should be assumed to have a “full
stomach” even when many hours have elapsed since their
last oral intake. As such, a rapid sequence induction (RSI)
is considered standard practice. The use of cricoid pressure is common clinical practice but may worsen the view
at laryngoscopy. A review of the evidence is presented in
Chapter 16.!
Altered Physiology

Major trauma patients who require emergent tracheal intubation are often the most critically ill patients in the hospital. The justification for endotracheal intubation and the
impact of that physiologic insult on their response to laryngoscopy must be clearly defined. For example, if the reason
for endotracheal intubation is respiratory distress from a
major lung injury, then optimal preoxygenation may still
result in rapid desaturation after apnea has been instituted.!
Hemodynamic Status

The hemodynamic response to anesthetics given to
induce anesthesia is often exaggerated for two main reasons. First, acute intravascular volume loss from bleeding
results in an inability to maintain arterial blood pressure
and cardiac output in the face of the vasodilatory effects
of anesthetic drugs. Second, sympathetic overstimulation
caused by pain and distress can mask the true intravascular volume state; if so, induction of anesthesia can cause
marked hemodynamic instability. This can usually be
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anticipated by the appropriate intravascular administration of fluids (i.e., crystalloids, blood, colloids) and the
availability of vasopressors.!
Anesthetic Drug Choices

The choice of drugs to induce anesthesia in the critically ill patient is an area of much controversy (also see
Chapter 8). Propofol and, to a lesser extent, thiopental
are often used. Ketamine and etomidate may be more
hemodynamically stable when used to induce anesthesia.
Most important is for the clinician to be very familiar
and experienced with the anesthetic drugs they plan to
use rather than using a new, unfamiliar drug. In general,
the dose of anesthetic drug should be decreased because
of a relatively reduced volume of distribution of drugs
in a very ill or hypovolemic patient. Preferential perfusion to essential organs, such as the brain, heart, and kidneys, occurs in such patients. So, a vasopressor should be
immediately available to manage any transient hypotension caused by the anesthetic drugs.!
Manual In-Line Stabilization

The process of laryngoscopy can produce an unacceptable amount of force through the cervical spine. Attempts
should always be made to reduce this force. Any patient
with a suspected spinal injury should be placed in a hard
collar. The front of the collar should be loosened at the
time of laryngoscopy and the head and neck stabilized by
an additional clinician (also see Chapter 16). The objective is to minimize movement of the cervical spine during laryngoscopy. It is important to have a pragmatic
approach though, because a failed endotracheal intubation attempt presents a much greater immediate risk (i.e.,
hypoxia) to the patient than small movements of the neck.
In the event of poor visualization of the glottic structures,
consideration should be given to relaxing manual in-line
stabilization (MILS) to facilitate endotracheal intubation
before replacing the hard cervical collar.!
Choice of Laryngoscope

Video laryngoscopy has transformed the manner in
which airways are managed in the emergency department and OR. The advantages of video laryngoscopy are
numerous:
• Gives adequate tracheal intubating view with reduced
pressure and force
• Provides group situational awareness of progress of
laryngoscopy
• Improves visualization of larynx in more difficult
patients without the need to change equipment
• Allows supervisors and trainers to provide dynamic
feedback throughout the laryngoscopy
As stated before, clinicians must be familiar with the
equipment they expect to use in the trauma bay.!
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Failed Endotracheal Intubation Drills

Failed endotracheal intubations are rare. Even so, it is
important to prepare and be explicit about planning for
the management of the unanticipated difficult airway
(also see Chapter 16). Endotracheal intubation in traumatized patients is likely to be more difficult than with
their elective counterparts. Factors contributing to the
increased difficulty include spinal precautions, blood or
foreign body in the airway, and the stress experienced
by the person performing the intubation. Plans for failed
intubation must be made explicit, such as what equipment will be needed, its location, and discussion on the
immediate availability of staff who are assisting with
intubation before induction of anesthesia. Staff who work
outside the OR environment may not be familiar with
equipment such as laryngeal masks or surgical airway
kits and their comfort with using this type of equipment
should be known in advance.!
Posttracheal Intubation Care

Endotracheal intubation is a mechanism for providing physiologic support—it is not therapeutic treatment
itself. The focus of the emergency department team needs
to remain on the patient’s transition to definitive care.
Several issues need to be managed immediately after
intubation:
• Ongoing sedation—postintubation hypertension is
common and should be avoided because of its effect
on uncontrolled bleeding
• Ventilator and settings
• Disposition—where is the patient going next? To the
computed tomography (CT) scanner, the OR, or intensive care unit (ICU)?
• Additional intravenous or arterial access, or both—
these technical requirements should not delay movement to definitive care

!Special Groups

Several special circumstances need to be considered when
making a decision on the management of the trauma
patient’s airway.
1. Airway burns: Patients with airway burns require
expedited management of their airway. Within a very
short time they can progress from minimal or no respiratory distress to a completely occluded airway due
to edema. Warning signs of potential airway burns
include facial burns, soot in mouth/nose, carbonaceous sputum, explosive injuries to upper body, and
stridor.
2. Oral trauma: Blood is often in the upper airway in
trauma patients. Bleeding can range from a minor nuisance to a life-threatening hemorrhage. It is important
to recognize this situation (i.e., blood in the airway)
because induction of anesthesia can result in the rapid
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loss of a patent airway. Video laryngoscopes and fiberoptic scopes do not perform well when blood obscures
the field of view. An additional suction source is mandatory and a surgical airway team should be immediately available.
3. Direct airway injury: Although uncommon, tracheal
trauma should be suspected in any patient with direct
penetrating or blunt trauma to the neck. Warning
signs such as stridor and subcutaneous emphysema
may be present. These airways should be managed
only by experienced clinicians with early involvement
of a head and neck surgeon (also see Chapter 31).

!Circulation and Hemorrhage Control

Adequate circulation and perfusion need to be reestablished to ensure sufficient oxygen delivery to essential
organs. The priority is to stop any bleeding. This can be
achieved through a combination of interventions performed in the emergency department (direct pressure,
suturing wounds), surgical intervention, or angioembolization. Simultaneously, it is the role of the anesthesia
provider to ensure adequate oxygen delivery to essential organs such as the brain and heart. Damage control
resuscitation (DCR) is the term given to a resuscitative
strategy that provides circulatory support sufficient to
prevent permanent end-organ damage while avoiding
the pitfalls of excessive resuscitation. The damage control approach is explained in more detail in Chapter 24.
Hypothermia, acidosis, and calcium supplementation are
additional considerations.!
Disability

The assessment of the neurologic system is important
to identify potentially catastrophic injuries that require
prompt management. This rapid assessment is based on
the GCS score, pupillary response, and gross limb function. Intubation is usually required for patients with a
GCS score less than 8 (Box 42.4).!
Exposure

To avoid missing major injuries that are not visible, the
patient needs to be exposed and inspected on all sides,
including the back, for other injuries. Simultaneously, attention is required to avoid hypothermia in the patient as this
affects coagulation, oxygen consumption, and mortality risk.!

Adjuncts and Investigations
Any tests or investigations that are ordered should have
an impact on diagnosis and management. Because clinical events can change rapidly and dramatically in trauma
patients, timely access to information can be a considerable challenge. Results that are especially useful are ones
that have a rapid turnaround time, are performed serially
to follow trends, and that correlate with possible treatments that can improve outcome (Box 42.5).!

Anesthesia for Trauma

Box 42.4 The Glasgow Coma Scale (GCS) Scorea
Eyes (E)
4—Open spontaneously
3—Open to voice
2—Open to pain
1—Do not open
Verbal (V)
5—Oriented
4—Confused
3—Inappropriate words
2—Incomprehensible sounds
1—No sounds
Motor (M)
6—Obeys commands
5—Localizes to pain
4—Withdraws to pain
3—Abnormal flexion to pain
2—Abnormal extension to pain
1—No response
Total score = best responses for eyes, verbal, and motor
E=4
V=5
M=6
Total GCS score = 15
aBest

response used.
The Glasgow Coma Scale score is the sum of the best scores in each
of the three categories, eye opening, verbal response, and motor response. The 15-point scale is the predominant one in use.

Box 42.5 Initial Investigations
Minimum “standard” major trauma investigations
Complete blood count
Electrolytes/BUN
Blood gas (preferably arterial)
Chest radiograph
Pelvis radiograph
Coagulation testing—ideally viscoelastic testing (ROTEM/
TEG)
Blood group and antibody screen
Additional investigations to consider
ECG
CT scan
General radiograph
BUN, Blood urea nitrogen; CT, computed tomography; ECG,
electrocardiogram; ROTEM, rotational thomboelastometry; TEG,
thromboelastography.

Definitive Care and Transport
Definitive care is the process of fixing the underlying physiologic problem. Examples include stopping the bleeding,
plating the fracture, or removing the spleen. Some components of definitive care should be performed emergently
while others can wait for the patient’s condition to improve.
Depending on the patient’s injuries and the capabilities of
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Box 42.6 Questions to Ask Locally to Be an Effective Part
of a Trauma Team
•
•
•
•
•
•

How do we alert a major trauma?
How do we define a major trauma?
Who responds to trauma calls?
What is our massive transfusion protocol?
How do we get more help if we need it?
What are the limits of what we can deal with locally?

individual institutions, definitive care may require transfer
to another health care facility. Either way the patient will
need to move out of the emergency department.
Setting Priorities: What Is Next?

Conflict often arises when trying to decide the most
appropriate location to treat the patient. Depending on
the injuries sustained, there can be disagreement about
the most clinically urgent injury, and thus most appropriate location for treatment; or the logistical barriers to
treatment can be such that it is impossible to do everything the patient needs in a single location.
An example is major pelvic and neurosurgical trauma.
The most appropriate place for management of neurosurgical trauma is the OR; however, current guidelines
for pelvic trauma recommend angioembolization (also see
Chapter 38). The decision about which injury to prioritize is a difficult one and should be made on the clinical
nuances of that individual patient. Many Level 1 trauma
centers now have hybrid ORs where both angiographic
and operative interventions can be performed; thus, the
treatment is coming to the patient rather than vice versa.
A reasonable alternative for many conditions is conservative management during the acute phase. This allows
time for restoration of normal physiology, clarification of
medical history, and a more complete assessment of the
extent of injuries. Providing intensive care level observation and regular review of conditions is an extremely
appropriate and responsible course of action.!
Local Care Versus Transfer

Once a patient’s clinical needs exceed the services provided by the institution, the process for timely transfer
begins. A key aspect is to understand the local referral
pathways and to seek help from the accepting hospital
early. Moving a critically ill patient takes time, and timely
communication with the accepting hospital enables the
resources required to be mobilized and ready. Regardless
of the ultimate destination, the patient’s clinical status
can be optimized by regular review of the ATLS primary
survey. When transporting critically ill patients, the level
of care received at the hospital should be continued during transfer to the new facility. Specific equipment, staff
skill mix, routes, and oxygen supplies should all be considered before initiating a transfer (Box 42.6).!
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Box 42.7 Leadership
Qualities of a good leader
Listens to the team
Provides clear direction and expectations for patient care
Shares uncertainty
Delegates appropriately
Stands back and maintains “big picture” situational
awareness
Good leaders do NOT need to
Know the most
Be the most experienced clinician
Always be right

Box 42.8 Followership
Qualities of a good follower
Uses closed-loop communication (e.g., clarify instructions,
report back when task is complete)
Offers suggestions (e.g., would you like me to…)
Alerts the leader to changes in clinical status of patient
(e.g., hypotension)
Provides feedback on personal limitations, skills, experience
Uses communication techniques such as graded assertiveness (see Box 42.9)

Decision Making in Trauma
Mature and complex systems such as health care and
trauma require multiple individuals with different and
complementary skill sets to work together toward the
common goal of achieving the best patient outcomes.
Some simple strategies can be employed to optimize team
performance and bring some order to the potential chaos
of a major trauma.
Leadership and Followership

Traditional medical teaching reinforces the need for a
clearly defined leader to ensure that any resuscitation
runs smoothly. The role of the leader is to act as a central
point for information and decision making (Box 42.7).
Conversely, what makes a good follower is less often discussed. Although each team will have only one leader at
any time, there will be several followers. The qualities of
a good follower support the leader in the ability to make
the right decisions at any given point in time (Box 42.8).!
Graded Assertiveness

Graded assertiveness is one technique for communicating personal concerns about decision making
or priorities to the team leader in a way that maintains constructive group performance. It is based on
the assumption that poor decision making is based on
incorrect or insufficient information. Followers are in
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Box 42.9 Graded Assertiveness—PACE (as defined in
table)
Probe
“I thought our goal was to keep the arterial blood pressure
higher than 90/-.”
Alert
“Did you realize the arterial blood pressure is low? Would
you like me to give some blood?”
Challenge
“Is there a reason you are tolerating hypotension in this
patient?”
Emergency action
“The arterial blood pressure is dangerously low. I am going
to treat it now.”

a position to see the situation from a unique perspective and can communicate their concerns. They can
then use the Probe, Alert, Challenge, Emergency action
(PACE) technique (described in Box 42.9) to communicate their concerns in a constructive manner.8 The
team leader is very important and is usually aware of
information that the follower may not be, and as such
those concerns may not be the priority at that point
in time.!

INTRAOPERATIVE MANAGEMENT
The spectrum of patients who need to go to the OR for
surgical or interventional procedures as a result of trauma
is vast. It encompasses injuries of all levels of magnitude
in all organs and structures of the human body. Some are
very minor and simple, and others involve specific organs
with explicit implications and treatment. The latter group
consists of life-threatening injury to one or multiple
organs and is the main focus of this section. All current
concepts that should be applied to the severely injured
and bleeding patient can be applied to the lesser injured
to varying degrees.
The severely injured and massively bleeding patient
usually presents in hemodynamic shock and is in need
of lifesaving interventions. The differential diagnosis of a
trauma patient in shock consists of massive hemorrhage,
tension pneumothorax, cardiac tamponade, and severe
cardiac contusion. Underlying medical conditions can
lead to exaggeration of the degree of shock (Table 42.2).
The management of severely injured patients with
massive hemorrhage can be divided into three discrete
phases. This distinction is based on different physiologic aspects, a varying approach, and management
principles. Early, in the first phase, patients suffer from
uncontrolled hemorrhage. The second phase begins
when at least partial control of the hemorrhage has been
achieved. The third and last phase is reached when the
patient’s physiology starts to achieve normal values

Table 42.2

Anesthesia for Trauma

Differential Diagnosis of Shock in the Trauma
Patient

Medical Condition

Investigation Modalities

Massive
hemorrhage

Clinical examination
Bedside TTE—assess
volume status
FAST scan—abdominal
source

Tension
pneumothorax

Clinical examination
(percussion/trachea)
Lung ultrasound

Cardiac
tamponade

TTE (subcostal view best)

Severe cardiac
contusion

TTE

FAST, Focused assessment with sonography for trauma; TTE, transthoracic echocardiogram.

(e.g., arterial blood pressure). The breakdown into these
three phases takes into account the different treatment
goals for each phase plus the varying speed and pragmatism of the approach. It allows the provider to appreciate the specific goals for the given phase. These three
phases exist in a continuum and the borders are very
fluid (Table 42.3).

Phase 1: Uncontrolled Hemorrhage
The medical team has one goal only for trauma patients
with massive hemorrhage that warrants emergent surgical procedures in the OR—to stop the bleeding as
soon as possible. Everyone involved facilitates that
aim by all means. There is no time to wait for study
results, to order additional tests, or for consultation
with other specialists. The anesthesia team’s role is to
facilitate achievement of hemostasis as quickly as possible. Massively bleeding patients who come to the OR
for resuscitation and hemostasis present a challenge
to the anesthesia providers, who are faced with a very
hectic and dynamic situation. Additional personnel can
be very helpful, but have to be managed, ideally in a
standardized fashion. Having too many team members
can be a hindrance and may prevent the team from
functioning efficiently. The airway has to be secured
and the patient should be ventilated with 100% oxygen. Details and consideration of airway management
can be found in the section, Initial Management, earlier
in this chapter, and in Chapter 16. The maximization of
the fraction of inspired oxygen (FIO2) restores the oxygen delivery, to a certain extent, by compensating for
lost hemoglobin via an increase of the dissolved oxygen fraction. Another important institutional protocol
to have in place is the massive transfusion protocol
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Table 42.3

Phases of Major Traumatic Resuscitation
Phase 1

Phase 2

Phase 3

Clinical
status

Life-threatening
uncontrolled
hemorrhage

Ongoing hemorrhage—not
immediately life threatening—partial surgical
control

Hemorrhage
controlled

Clinical
priorities

•
•
•
•

• TAILORED RESUSCITATION
• Place supportive lines
(arterial/CVC)
• Prevent hypothermia
• Esophageal temperature
probe
• Warmed fluids
• Warming blankets (upper and
lower body)
• Increase room temperature

• RESTORE PHYSIOLOGY
• Rapid intravascular filling
• Stepwise deepening of
anesthesia
• Fentanyl boluses
• Increased volatile
anesthetics
• Additional lines
(urinary catheter,
nasogastric tube)
• Communicate with all
team members and
ICU

Blood
products

• Activate massive transfusion
protocol (MTP)
• Consider emergency
(unmatched) blood products
• Early use
• Empiric 1:1:1

• TEG/ROTEM to guide coagulation
products
• ABG to guide red blood cell
transfusion

• Only as required on
testing
• Deactivate MTP when
appropriate

Crystalloids/
colloids

• Cautious use

• Use for hypovolemia with normal
coagulation/Hb
• Use serial lactate/BE to guide fluid
requirements

• Attempt to normalize BE/
lactate

Special
points

• Consider CaCl2 1 g for every
three blood products
• Large bore IV access (>16 G) or
CVC
• Rapid infusing system (e.g.,
Belmont)
• Avoid vasoconstrictors

• Consider cell salvage
• Aim to repeat TEG/ROTEM/ABG
every 30 min
• Consider TEE for difficult cases

• Consider vasoactive
infusions if necessary

STOP THE BLEEDING
Call for HELP
Control airway, Fio2 100%
Damage control resuscitation
(DCR)
• SBP < 100 mm Hg
• MAP 50-60 mm Hg
• Consider modifications if TBI,
carotid stenosis, CAD

ABG, Arterial blood gas; BE, base excess; CAD, coronary artery disease; CVC, central venous catheter; ICU, intensive care unit; IV, intravenous; MAP,
mean arterial pressure; MTP, massive transfusion protocol; ROTEM, rotational thomboelastometry; SBP, systolic blood pressure; TBI, traumatic
brain injury; TEE, transesophageal echocardiography; TEG, thromboelastography.

(MTP) (also see Chapter 24). The MTP facilitates communication, optimizes the response time of the blood
bank, and minimizes errors. Although all of these procedures are essential to taking care of such patients,
the absolute mainstay of this phase is the hemostatic
resuscitation of the patient.
Historically, the anesthesia provider would deploy
large volumes of crystalloids early in order to aggressively restore the circulating volume and restore normal arterial blood pressure values. This can lead to
a direct escalation in the bleeding rate by increasing
cardiac output as well as both the arterial and venous
pressures. This abandoned practice would also lead to
a dilution of coagulation factors and hypothermia, further increasing the bleeding. Over the past 10 to 15
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Box 42.10 Principles of Damage Control Resuscitation
(DCR)
Permissive hypotension
Stop bleeding early—pressure, angiography, operating room
Early use of hemostatic products
Minimize crystalloid use

years, the initial resuscitation has been revolutionized
and the concept entirely changed.9 The main goal of
the initial resuscitation is on bridging the patient for
as long as possible until the bleeding can be stopped.
DCR is the term used to describe the new concept10
(Box 42.10).

Chapter 42

Damage Control Resuscitation (Also See Chapter 24)

Permissive hypotension, limited use of crystalloids and
colloids, and the early use of blood products represent the
cornerstones of DCR.10
Permissive hypotension aims to utilize the body’s
physiologic response to hemorrhage. The resulting low
venous and arterial blood pressures and the decrease in
cardiac output lead to a reduction in the driving force
behind the bleeding. At the same time, the providers can
take advantage of the normal response to blood loss:
vasoconstriction in nonvital regions and redirection of
the blood flow to the most important organs. The ultimate
goal is to benefit from this compensatory mechanism for
as long as possible. Unfortunately, there are no direct and
accurate measures of when this mechanism is at its limits and the oxygenation of vital organs is starting to be
impaired. Systolic blood pressure (SBP, invasive or noninvasive) continues to serve as a very basic surrogate variable, even though there is no reliable correlation between
SBP and organ microcirculation. Animal models of shock
demonstrate that resuscitation to 60% of the baseline
mean arterial pressure (MAP) does not reduce the regional
organ perfusion compared to normotensive resuscitation, but the less aggressive resuscitation does lead to a
decreased blood loss. At the same time, brain perfusion
was not different between the two groups. Consequently,
there is some expert consensus to tolerate SBP around
80 to 90 mm Hg in actively hemorrhaging patients until
hemostasis is achieved with adjustment to the patient’s
age, preexisting medical conditions, and injury pattern.
For example, on one extreme, there is the young and
healthy patient with a massive abdominal bleed. In that
case, SBP in the 60 mm Hg range can be tolerated for a
short duration. On the other end of the spectrum, keeping
SBP well above 100 mm Hg for elderly patients with multiple medical conditions and multisystem trauma involving the brain should be considered. These measures are
temporarily in place until hemostasis is achieved or the
patient’s condition further deteriorates. In the latter case,
the intravascular volume has to be replenished.
At the point when the patient needs additional intravascular fluids, crystalloids and colloids should be limited in this early phase.11 Otherwise, the cardiac output
and intravascular pressures will increase, as will the rate
of bleeding; coagulation factors will continually be consumed in an effort to clot the bleeding sites; and their
plasma levels will rapidly decline. All of these conditions will negatively affect a patient’s ability to survive
a disastrous bleeding episode. Restoring vital signs to
normal values will bring a short period of better physiology before the disastrous combination of an increased
bleeding rate and rapid deterioration of the patient’s
coagulation capability significantly worsen the overall
situation. In addition, large volumes of crystalloids will
worsen reperfusion injury, and augment inflammatory
response. Administration of synthetic colloids will even
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further increase coagulopathy by impairing both fibrinogen polymerization and platelet function.
As a result, the use of crystalloids and colloids has
been reduced in the setting of severe hemorrhage. Instead
blood products are the fluids of choice for the resuscitation of massively bleeding patients (also see Chapter 24).
Packed red blood cells (PRBCs), fresh frozen plasma (FFP),
and platelets are the mainstays for the initial resuscitation. Evidence is emerging that demonstrates the pragmatic and early use of these blood products in a fixed
ratio (i.e., 1:1:1, PRBC:FFP:platelets).12 The benefit of
using this approach is that the oxygen-carrying capacity
is maintained or restored with the PRBCs, and the patient’s
ability to form clots is supported with the plasma factors in the FFP and platelet infusions. When transfusing
large amounts of this combination of blood products, one
should consider the additional supplementation of fibrinogen in the form of cryoprecipitate because fibrinogen is
one of the key components of hemostasis. Cryoprecipitate is expended much faster than can be resynthesized
by the liver under such circumstances, and as a result,
tranexamic acid, an antifibrinolytic, is given for preventing coagulopathy in severely injured hypotensive patients
early in their course (Figs. 42.2 and 42.3).13,14 The role
of vasopressors for hemodynamic support in this phase
remains largely controversial. They should generally be
avoided, because in an already severely hypovolemic
state, further vasoconstriction may compromise the blood
flow to vital organs.!
Access for Intravascular Resuscitation

In order to deploy an adequate resuscitation in a severely
bleeding patient, proper access to the patient’s vascular
system needs to be obtained. Every patient with significant trauma or mechanism of trauma should have two
large-bore peripheral intravenous (PIV) lines placed. They
should be 16 gauge or larger and preferably inserted in
the upper extremities. The integrity and the time to meaningful venous access are of equal importance. It is better
to quickly obtain a well-functioning 18-gauge PIV than
to waste valuable time on obtaining an elusive 14-gauge
PIV.
Prolonged or significant massive transfusions usually benefit from large-bore central access. Classically, a
large-bore (e.g., 8.5F) catheter introducer sheath is placed
in either the femoral, internal jugular, or subclavian vein.
If the circumstances permit, this is performed with ultrasound guidance.
Intraosseous (IO) access is suitable as a first-line access
if PIV access is poor or delayed. Although an IO line cannot be used for rapid volume resuscitation, it can serve
as a line to administer medications. With better overall
flow rates and the proximity to the heart, the humeral
approach is the preferable location for an IO line in adults.
The use of a modern rapid infuser system is of paramount importance. The rapid infuser provides the
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Dilution and storage loss reduce the effectiveness of component blood product therapy
compared with fresh whole blood.
Whole blood 500 mL
(Hct 38%-50%, Plts 150 K- 400 K, coagulation factor activity 100%)

160 mL anticoagulant added; centrifuged

1 unit packed red blood cells
(335 mL, Hct 55%)

1 unit plasma
(275 mL, coagulation factor activity
averages 80%)

1 unit platelets
(50 mL, Plts 5.5 × 1010)

Patient receives 650 mL fluid
(Hct 29%, Plts 88 K, coagulation factor activity
averages 65%)
Fig. 42.2 Resultant blood component activity after transfusion compared with whole blood. (Redrawn
from Dutton R. Haemostatic resuscitation. Br J Anaesth. 2012;109(suppl 1):i39-i46.)

1st Cooler

4 units PRBC
4 units FFP

2nd Cooler

4 units PRBC
4 units FFP
6 units platelets (1 pooled)

3rd Cooler

As 1st

4th Cooler

As 2nd

Repeat

Consider adding cryoprecipitate after
4th cooler or if fibrinogen <1

Fig. 42.3 Example of a massive transfusion protocol. FFP, Fresh
frozen plasma; PRBC, packed red blood cells.

anesthesia team with the capability to deliver large
amounts of warmed blood products very quickly and
safely. Rapid infuser systems are very potent and the
patient and the clinical situation should be closely monitored to avoid excessive resuscitation (Fig. 42.4).
When all the aforementioned measures and techniques
are properly deployed, the anesthesia team can provide
the patient and surgical team the valuable extra time
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needed until hemostasis can be achieved. Once the bleeding is mostly under control, the priorities and speed of
approach change and phase 2 of resuscitation begins.!

Phase 2: Controlled Hemorrhage
In phase 2, after the major aspects of the bleeding source
have been controlled, the anesthesia team should focus
on a more individualized, tailored approach. Depending
on the dynamics of a given case and the number and
experience of anesthesia providers available, phase 2
items can happen earlier and in parallel with phase 1.
Invasive monitoring should begin at this point. The
insertion should never delay or distract from the massive
transfusion, the placement of intravenous lines, and the
surgical hemostasis. Additionally, it is technically much
easier to place an arterial line in a properly resuscitated
patient.
In phase 2 the dynamics of the case slow down, the
process becomes less blind, and the patient’s needs
should be reanalyzed. A mainstay during phase 2 is the
utilization of point-of-care testing (POCT) to guide the
resuscitation.15 In order to do so, one has to reflect on
the main physiologic goals of resuscitation: guaranteeing adequate oxygen delivery and coagulation function.
Oxygen delivery depends mostly on the oxygen-carrying
capacity and normal intravascular filling. The first
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cardiac contusions, arrhythmias), a transesophageal
echocardiogram (TEE) can further quantify the intravascular volume.
To best assess the coagulation status of a patient, the
clinician has to collect information from the four main
pillars of perioperative coagulation monitoring: the
patient’s medical history, clinical presentation, standard laboratory coagulation tests, and point-of-care
coagulation tests. If obtainable, the patient’s medical
history can provide information on medications and
medical conditions relevant to the coagulation system.
The clinical presentation of the phenotype of bleeding is a simple but critical tool for the existence and
differential diagnosis of coagulopathy. Any abnormal
coagulation test needs to be correlated to the clinical
presentation. Without any clinically relevant diffuse
bleeding, no procoagulant therapy should be initiated,
as it can increase the risk of thrombosis. The clinical
picture can also help differentiate between a surgical
versus nonsurgical origin of the bleeding. Nonsurgical
bleeding presents itself with a diffuse and more widespread pattern and must be addressed by correcting the
coagulation abnormalities. In contrast, surgical bleeding has to be controlled via mechanical hemostasis.
The standard laboratory coagulation tests consist of
prothrombin time and international normalized ratio
(PT/INR), activated partial thromboplastin time (aPTT),
platelet count, and fibrinogen concentration. These
tests come with significant limitations such as sensitivity, specificity, validity, and timeliness that render them
virtually useless early in dynamic massive transfusion
scenarios (also see Chapter 24).
Viscoelastic Testing

Fig. 42.4 The Belmont rapid infuser. (Courtesy of Belmont Instrument Corporation, Billerica, MA.)

is measured via hemoglobin (Hb) concentration or the
hematocrit (Hct) in the patient’s blood. Depending on
the patient’s age, comorbid conditions, and injuries, Hct
values between 18% and 28% are targeted. The intravascular volume status can be assessed by a combination of a multitude of clinical clues, such as vital signs,
urine output, and, if applicable, direct observation of
the patient’s heart and major vessels. In more challenging cases (e.g., suspected cardiac comorbid conditions,

Over the past decade, viscoelastic point-of-care coagulation tests have become a mainstay for timely assessment
of the situations previously described. The thromboelastograph (TEG) and rotational thromboelastometry (ROTEM)
are standard tools to assess the magnitude and nature
of the coagulation disturbance and help guide interventions (Fig. 42.5). Both devices provide the clinician
with a graphical output that can guide the procoagulant
interventions. The readout of TEG/ROTEM can be divided
into parts: (1) preclot formation phase, (2) clot formation phase, and (3) clot stability phase (Fig. 42.6). The
first phase, preclot formation, starts with the addition of
reagents that trigger the plasma coagulation cascade and
activate the platelets. This phase lasts less than 5 minutes
and can inform the anesthesia provider about the coagulation cascade. If there are deficiencies in this phase,
prothrombin complex concentrate (PCC) and FFP can be
given. The second phase starts with the beginning of the
clot formation and ends when the maximum clot firmness is reached. This phase reflects the functional platelet
mass and the availability of fibrinogen. Any defects in
the second phase can be corrected with the transfusion of
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TEG 5000, Haemoneics Corp.

ROTEM Delta, TEM Systems

Fig. 42.5 Tools for viscoelastic point-of-care coagulation testing. Left, Thromboelastograph (TEG). Right,
Rotational thromboelastometry (ROTEM).

cryoprecipitate, fibrinogen concentrate, or platelet concentrates. The third and last phase reflects the stability of
the clot, allowing fibrinolysis to be detected and quantified. When identified, it can be effectively treated with an
antifibrinolytic product.
With the information from the four pillars of coagulation monitoring, the treatment can be tailored using a
goal-directed approach and predefined algorithms. This
approach also must take into account that any procoagulant therapy always has to be used with caution. A coagulopathy should never be excessively corrected; otherwise
the risk for serious thromboembolic events can increase
(Fig. 42.7).
After hemorrhage has been controlled, frequent
analysis of arterial blood gases should be obtained
because they help guide PRBC transfusions as well
as adjustments in ventilation to the patient’s needs.
Additionally, electrolyte disturbances (e.g., hypocalcemia and hyperkalemia) frequently occur and warrant
treatment.
During resuscitation, hypothermia should be prevented. This is achieved by only administering warmed
fluids, increasing room temperature, and the use of forced
air warmers. The insertion of an esophageal temperature
probe helps the clinician to monitor the success of these
interventions and serves as a reminder to try to achieve
normothermia.!
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Phase 3: Restoration of Physiology
The third and final resuscitation phase includes the finetuning and restoration of the patient’s physiology. This
should occur once the surgical hemostasis is complete
and the dynamic of the resuscitation is under control.
The DCR principles no longer apply as the potential for
harm may outweigh the benefits. The intravascular volume is replenished during this phase. Additional cardiac
output monitoring devices can help guide this process.
If not already achieved, the anesthetic should be incrementally increased to a level near 1 minimum alveolar
concentration (MAC) (see Chapter 7). At this point, lowdose vasoactive infusions can be considered to counteract anesthesia-induced vasodilation. They should not be
used to compensate for inadequate intravascular volume
resuscitation. Continued serial POCT is useful in determining the success of the resuscitation. Normal serum
lactate and base deficit levels are excellent indicators for
this achievement.
Anesthetics

Except for the most uncontrolled hemorrhage, it is
very important to use a stepwise approach to restoring
adequate anesthetic levels using arterial blood pressure
values as a guide. This concept goes hand in hand with
the rapid filling of the intravascular space and allows
for a restoration of a normal blood flow to all tissues.
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Phase 1

Phase 2
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Phase 3

Fig. 42.6 Three phases of viscoelastic tests: phase 1 (preclot), phase 2 (formation), and phase 3
(stability). TEG tracing in top panel and ROTEM tracing in bottom panel. ROTEM, Rotational thromboelastometry; TEG, thromboelastograph.

Slow administration of anesthetics should be started
in phase 2. The stepwise deepening of the anesthetic
can be achieved by either repeated boluses of opioids
or increasing inhaled anesthetic concentrations in an
incremental manner.16!

SPECIAL GROUPS
Traumatic Brain Injury
Traumatic brain injury (TBI) is defined as injury to the
head that disrupts normal brain function (also see Chapter 30). Over 15 million people are seen in emergency
departments for TBI each year and it contributes to 30%
of trauma deaths in the United States.17 Long-term effects
of TBI may lead to cognitive and functional impairment,
disability, and an overall reduction in quality of life.
Primary neurologic injury is irreversible, occurring at
the moment of injury and causing immediate neuronal
damage. The magnitude of the primary injury is a significant prognostic factor of TBI. Secondary injury is the
subsequent injury to the brain after the primary injury
occurs. Common causes of secondary injury include

intracranial hypertension, hypotension, hypoxia, hyperthermia, coagulopathy, hyperglycemia or hypoglycemia,
and acidosis. The focus of TBI management for the anesthesia provider is to limit secondary injury in the perioperative period in order to improve neurologic outcomes.
Neurologic manifestations of TBI largely depend on
the mechanism, severity, and type of injury that have
occurred. Types of injuries include skull fractures; intracerebral, subdural, and epidural hematomas; hemorrhagic
contusions; and diffuse axonal injuries. These injuries
may be focal or diffuse. The GCS is commonly used to
initially assess and classify TBI patients, though iatrogenic intoxication and other factors may sometimes lead
to misclassification. GCS score should be reported for
each of the three components (eye, verbal, motor) separately. Untestable components of GCS should be documented. Early CT scan is critical in delineating the type
and extent of injury.
Like other trauma patients, the initial evaluation
begins with ATLS. An early definitive airway should be
established in a TBI patient who does not have the ability
to maintain a patent airway owing to loss of reflexes and
cannot adequately oxygenate or ventilate. These factors
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SFGH ROTEM guideline

Diffuse bleeding

Normal results

Consider limitations
of ROTEM

Surgical hemostasis

Pathologic results

ROTEM

CT inTEM > 230 sec

FFP

MCF fibTEM < 8 mm

Cryoprecipitate

MCF exTEM < 45 mm
and
MCF fibTEM > 10 mm

Platelets

ML exTEM > 15%

Aminocaproic
acid

Fig. 42.7 An example of a rotational thromboelastometry (ROTEM) treatment algorithm for use in trauma. (Courtesy of San Francisco General Hospital and Trauma Center.)

are usually related to a deteriorating GCS score, usually 8 or less, or other concurrent injuries. Nasal airways
(and nasogastric tubes) should be avoided if possible in
TBI patients with facial or suspected skull base fractures
because of the risk of intracranial insertion. Other indications for intubating the trachea of TBI patients include
signs of intracranial hypertension or uncontrollable seizure activity. Securing the airway should always be considered prior to transport if the patient’s mental status
and GCS score are worsening.
Many of the same considerations must be taken
when intubating the trachea of a TBI patient as for other
trauma patients, such as inadequate fasting, hypoxia,
uncertain intravascular volume status, and presumed
cervical spine injury in blunt trauma. Approximately
4% to 8% of moderate to severe TBI patients have concurrent cervical spine injury, with greater risk for high
cervical injuries and mechanically unstable injuries.18
Of particular attention to the anesthesia provider should
be the integrity of the cervical spine. Cervical collars
should be opened and mechanical in-line stabilization
should be held by experienced personnel during a rapid
sequence induction of anesthesia and tracheal intubation. Additional factors such as increased intracranial
pressure (ICP) or pending herniation, concurrent airway
injuries, uncooperative patients, and combativeness
should also be considered. It is not clear whether video
738

laryngoscopy (e.g., GlideScope) is superior to intubation
compared to conventional laryngoscopy. Video laryngoscopy (GlideScope) may produce slightly less cervical
spine motion and obtain better glottis visualization at
the cost of a slightly longer time to endotracheal intubation in an experienced laryngoscopist’s hands.19,20
Selection of the intubation method should be based on
speed of establishing a definitive airway and experience
of the laryngoscopist.
The use of anesthetics should focus on hemodynamic stability to maintain cerebral perfusion pressure
(CPP). Propofol and etomidate are commonly selected
for their reduction in cerebral blood flow (CBF), which
is coupled to a reduction in cerebral metabolic rate of
oxygen (CMRO2) requirement. Although traditionally
controversial, use of ketamine in this population has
not led to increases in ICP or worsened outcomes.21
Nondepolarizing neuromuscular blocking drugs have
no significant effect on cerebral hemodynamics. Succinylcholine may theoretically increase ICP, but this
effect has not been demonstrated to be clinically significant and may be attenuated with a defasciculating
dose of a nondepolarizing drug (also see Chapter 11).
Emergent surgical management may sometimes be
indicated after imaging is performed. Volatile anesthetics may increase CBF while decreasing CMRO2, known
as “uncoupling.” Increased CBF does not occur until
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after 0.5 MAC, and over 1 MAC for sevoflurane. If volatile anesthetics are used, less than 1 MAC should be
used, with a preference for sevoflurane. Total intravenous anesthesia (TIVA) may be preferred because
it decreases ICP but is generally less titratable during sudden, profound hypotension that may occur
during dural decompression. Although data exist for
the effects of volatile anesthetics and TIVA on cerebral hemodynamics, no definitive prospective outcome
studies exist. A retrospective study in combat-related
TBI did not show significant difference between neurologic outcomes at discharge when comparing the two
anesthetic strategies.22
The patient is usually placed in reverse Trendelenburg position of approximately 30 degrees during the
procedure to facilitate venous drainage. Large-bore
intravenous access is necessary for intraoperative fluid
administration. Blood should be checked for availability
of transfusion. Surgery for compound depressed skull
fractures near venous sinuses are at particularly intense
risk for massive hemorrhage. Coagulopathy may be
checked with a traditional laboratory coagulation panel
or viscoelastometric testing. An arterial line should be
inserted for continuous arterial blood pressure monitoring and withdrawal of blood for serial laboratory
analysis. Brain Trauma Foundation guidelines should be
followed throughout the perioperative period.23 Hypotension should be promptly treated to maintain a CPP
of 50 to 70 mm Hg. Intravascular fluid administrationresuscitation is usually required to achieve euvolemia,
especially after administration of mannitol. Isotonic
crystalloid is usually preferred. The use of albumin
may increase mortality risk in the resuscitation of ICU
brain-injured patients when compared to crystalloid.24
Hypoxemia should be avoided. Attention should be paid
to peak inspiratory pressure and positive end-expiratory
pressure to avoid obstruction of cerebral venous drainage. Hyperventilation is not recommended within the
first 24 hours of injury unless treating impending herniation. Prophylactic administration of mannitol and antiseizure administration is recommended. Glucose should
be monitored regularly. Hyperglycemia and hypoglycemia should be treated to avoid exacerbation of secondary injury. General recommendations are to treat blood
glucose levels above 180 mg/dL. Most importantly, close
communication with the operative team must be maintained prior to decompression and dural opening.
Systemically, high ICP may trigger intense sympathetic activity to maintain CPP. This is known as Cushing reflex. The catecholamine release and increased
systemic vascular resistance may mask intravascular
volume depletion. Sudden, profound hypotension may
sometimes occur after decompression and normalization
of ICP, especially in those who are not adequately resuscitated. Anesthetic drugs should be gradually decreased
and vasopressors and inotropes should be available for
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administration prior to major decompression. Blood
should be immediately available for sudden, abrupt
bleeding.
The decision to leave the trachea intubated or to
extubate the trachea should be discussed with the surgeon. Many TBI patients remain tracheally intubated
owing to the risks of postoperative hypoventilation,
hypoxia, depressed level of consciousness, other concurrent injuries, and the need for further diagnostic
studies or therapies. These patients should be transported with full monitoring. Sedation and a transport
ventilator may be necessary if the patient remains
intubated. For transporting TBI patients, small-dose
muscle relaxant may be considered to reduce episodes
of agitation, bucking, or coughing. The use of largedose muscle relaxation at the end of the procedure
or for transport may delay postoperative neurologic
examination and is not recommended. TBI variables
should continue throughout the immediate perioperative period.!

Spinal Cord Injury
Spinal cord injury (SCI) occurs when acute trauma disrupts normal sensory, motor, or autonomic function. It is
estimated that there are 12,500 new cases per year in the
United States with over 200,000 people currently living
with SCI.25 The most common causes of injury are motor
vehicle accidents, falls, and assault.
The presentation of SCI depends largely on the level,
extent, and severity at which injury occurs. An injury
may be described as “complete” if the patient has no
motor or sensory function below the level of injury.
Incomplete SCIs describe partial injury to the cord
that results in varying degrees of residual sensory and
motor function. The American Spinal Injury Association (ASIA) classification is the preferred impairment
scale to describe findings of neurologic examinations.
Spinal cord precautions should be immediately
undertaken when suspecting an injury, including a cervical collar and strict roll precautions whenever transporting or moving patients. Adequacy of ventilation
and oxygenation should be quickly evaluated. Cervical
spine injuries, especially those with complete injuries,
may result in diaphragmatic impairment and weakness.
This leads to decreased vital capacity and the inability to
cough and clear secretions. Concurrent lung injury associated with trauma or chronic lung disease may exacerbate the patient’s ability to ventilate and oxygenate.
Signs of inadequate ventilation may include rapid, shallow breathing, increased work of breathing, and paradoxic abdominal movement. These signs may appear
with thoracic and high lumbar injuries affecting intercostal and abdominal muscles. The airway should be
secured with an endotracheal tube in similar fashion as
used with TBI patients. Up to 16% of patients admitted
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with SCI are diagnosed with concurrent TBI. In this population with concurrent diagnoses, the cervical spine
was most frequently injured.26 Succinylcholine may be
used to safely provide neuromuscular blockade in an
SCI patient within the first 24 hours of injury. However,
it should be avoided after 48 hours of injury because
of the risk of severe hyperkalemia that may result with
administration. Exaggerated bradycardic response and
hypotension have been reported with direct laryngoscopy and intubation of the trachea of patients with cervical or high thoracic injuries.
During the acute phase, high thoracic (usually T4
and above) and cervical SCIs may result in significant
bradyarrhythmia and atrioventricular block (AV block)
owing to disruption of sympathetic cardiac accelerator
fibers leading to unopposed parasympathetic innervation. Sympathetic blockade may also lead to systemic
vasodilation and result in severe hypotension. In
addition to the motor and sensory findings below the
level of injury, this physiologic constellation has been
referred to as “spinal shock.” Treatment is supportive
and includes administration of isotonic fluid, vasopressors, and inotropes. Caution should be taken to not
over-resuscitate the patient with fluids intravenously
as this may lead to pulmonary edema after spinal shock
has resolved.
MAP should be kept at 85 to 90 mm Hg for patients
with SCI to maintain adequate spinal cord perfusion,
unless otherwise contraindicated by concurrent injuries. Administration of methylprednisolone is no longer
recommended by the American Association of Neurological Surgeons, as there is evidence that large-dose
steroids are associated with mostly negative effects,
including death.27!

Partial thickness—This burn involves all of the epidermis
and part of the dermis. It can further be divided into
superficial dermal, mid-dermal, and deep dermal. These
burns change in appearance as the burn destroys more
of the dermis and vasculature; the pain ranges from
minimal to extreme; color can be red to pale/white; and
exudates can be high fluid to relatively dry. Blisters are
often present. They may require surgical management.
Full thickness—This burn involves complete destruction
of all of the epidermis and dermis. It is white, insensate, and has a waxy or leathery appearance. This type
of skin is called an eschar.

Burns

!Electrical Burns: Special Considerations

Major burns can occur in isolation or in combination
with other forms of traumatic injury. They can result in
rapid deterioration. Organized and systematic advanced
trauma management is paramount. In addition, there are
some special considerations for patients with burns. This
section will address some of the issues in the immediate
management of a major acute burn patient. This section
does not address issues that arise later in the management
or intraoperative care.

!Estimating Burn Surface Area

A patient’s future management and need for transfer to
tertiary centers is based on the percentage of body surface
area that is affected by burns. The rule of nines is helpful
for localized burns to a particular body part, although
the patient’s palmar surface is considered approximately
1% of total BSA; this method underestimates in the obese
population (Fig. 42.8).!
Types of Burns: Chemical, Electrical, and Thermal

The first priority in managing the burn is to halt the
burning process. The most appropriate method to do this
depends on what caused the burn. Remove any clothing
that can be removed easily. Irrigate the area thoroughly
with running water. This can take several hours with
some chemical burns.
Chemical Burns: Special Considerations

Try to prevent irrigation fluid running across unaffected
skin. Continue irrigation until skin pH or fluid pH is neutral (use litmus paper). DO NOT use water for elemental
metal burns (lithium, magnesium, potassium, sodium) as
they react with water, worsening the burn; use mineral oil.
Look for entry and exit points because injury has occurred
along that trajectory. Beware of underlying muscle damage; there is the risk of compartment syndrome and rhabdomyolysis.There is a slightly increased fluid requirement.

!Thermal Burns: Special Considerations

Remove source of heat as soon as possible (e.g., burning
clothing). Continue prolonged irrigation with cold fluid
but beware of hypothermia. Be suspicious for associated
injuries (inhalational, other forms of trauma).!

Burn Severity

Intravascular Fluid Management

Burns are categorized based on their severity as superficial, partial thickness, or full thickness burns:

Fluid management is an important cornerstone of modern burns management; however, controversy still exists
about the correct amount of fluid to give and the appropriate end points to be monitoring. There is increasing
recognition of the adverse effects of excessive intravenous fluid resuscitation and the increased risk of precipitating acute respiratory distress syndrome (ARDS) 3 to 5
days after injury.

Superficial—This burn affects the epidermis only (e.g.,
sunburn). It does not require any specific treatment
other than first aid. Superficial burns are not included in the calculation of percentage body surface area
(%BSA) affected.
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Fig. 42.8 The rule of nines—used to calculate %BSA (body surface area) burns.

Multiple formulas are in use for estimating fluid resuscitation requirements (also see Chapter 23). Most were
developed approximately 30 to 40 years ago. One of the
most common is the modified Parkland formula: 4 mL/
kg/% burn (adults) over first 24 hours after burn injury.
Only crystalloid fluid is used for the first 24 hours as
the amount of protein leak into the interstitial space is
thought to be greatest during this period, thus rendering
colloids ineffective. The most commonly used fluid is a
balanced salt solution such as lactated Ringer solution or
Plasma-Lyte.!
Airway (Also See Chapter 16)

Burns are characterized by erythema and the rapid
onset of edema in affected tissues. When this happens
in the upper airway the swelling can result in total
airway obstruction and death. As a consequence, it is

Box 42.11 Signs of Potential Airway Burns
•
•
•
•
•
•

Carbonaceous sputum
Stridor
Voice changes
Facial burns
Explosive injuries involving upper torso/head
Prolonged entrapment in fire

VI

important to maintain a high level of attentiveness for
burns affecting the airway and to take steps to intubate early before swelling makes it impossible. Some
warning signs are presented in Box 42.11. Consider
inserting an endotracheal tube 0.5 to 1 mm internal
diameter less than normally would be used to allow for
the expected swelling.!
741

Section VI CONSULTANT ANESTHETIC PRACTICE

Pain (Also See Chapter 40)

Depending on the severity of the burn, pain can be a
major issue. Analgesia should be provided for all patients
as required. A regimen based on opiates with the addition
of ketamine, if necessary, usually provides sufficient relief
for the majority of patients. Because of the prolonged
nature and significant amount of pain associated with the
treatment of burns, these patients are at intense risk of
developing opiate tolerance. Consultation from a specialist pain service should be sought early in their recovery.!
Inhalation

In addition to the actual burn injury, the products of combustion can produce gases that are toxic to the human
body. The most common is carbon monoxide (CO). CO has
a much higher binding affinity for hemoglobin compared
with oxygen. Thus, CO poisoning can result in a significant reduction in the oxygen-carrying capacity of the
blood. The only way to detect CO poisoning is through
CO-oximetry performed on a blood gas sample. Standard
pulse oximetry monitors are unable to detect CO poisoning and will read a normal value even in the presence
of profound tissue hypoxemia. The application of high
concentration oxygen significantly reduces the half-life
of CO in the blood and any patient with suspected CO
inhalation should be provided with high concentration
oxygen as an initial measure.!
Infection

Infection is a major cause of delayed morbidity and
death. Although empiric antibiotics addressing skin flora
are sufficient for the immediate management, coverage
of the burn surface with sterile dressings is essential to
reestablish the external barrier to organisms. Over-resuscitation with fluids is also associated with increased risk
of infectious complications.!
Eshcarotomies

The eschar of full thickness burns significantly reduces
the compliance of body tissues. If the eschars are circumferential around any part, it can result in a compartmentlike syndrome. This is particularly concerning around the
torso where ventilation can be impeded. In this eventuality, eshcarotomies may need to be performed. The preferred location for incisions is outlined in Fig. 42.9.!
Transfer of Burn Patients

In general, most locations have a burn center or unit
that provides specialized treatment of burn victims. Such
expert care improves outcomes for burn victims. When it
comes to transferring the patient, consideration must be
given as to any other associated injuries and where these
can best be managed. Sometimes it may be appropriate to
stabilize the major visceral injuries at the trauma center
before transferring care to the burn unit at a later stage.
Commonly used transfer criteria are listed in Box 42.12.!
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Fig. 42.9 Locations for escharotomy incisions.

Box 42.12 Criteria for Transfer of Patients to a Tertiary
Burn Center (American Burn Association)
• >10% total BSA partial thickness burns
• Full thickness burns in any age group
• Burns involving sensitive areas (hands, feet, perineum,
face, genitals, major joints)
• Inhalation injuries
• Electrical/lightning burns
• Circumferential burns to limbs or torso
• Significant chemical burn risking cosmetic or functional
outcome
• Major preexisting comorbid conditions
BSA, Body surface area.

Extremes of Age
Pediatric Trauma (Also See Chapter 34)

Trauma is the most common cause of major morbidity
and fatality in the pediatric population (Box 42.13). The
presentation of an injured child to a hospital is usually
a source of anxiety for most clinicians. By delivering
high-quality, advanced trauma care the burden of the
child’s injury can be lessened and an improved outcome
attained.
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Box 42.13 Common Injuries in Pediatrics

Box 42.15 Blood Volume Estimations

• Simple fractures—falls from height/play equipment,
sports
• Pedestrian versus car—more chest/head injuries—especially with SUVs
• More major visceral injury without overlying fractures

•
•
•
•
•

Preterm neonate—95 mL/kg
Full-term neonate—85 mL/kg
Infant—80 mL/kg
Adult (male)—75 mL/kg
Adult (female)—65 mL/kg

SUVs, Sport-utility vehicles.

Box 42.14 Key Points—Pediatric Trauma
• Late physiologic decompensation
• Potential for difficult intravenous access—consider intraosseous line
• Look out for nonaccidental injury
• Any blood loss is significant

This section will present a brief overview of some of the
issues that are unique to trauma in the pediatric patient
(Box 42.14). Fundamentally, the principles of ATLS form
the basis of management of the pediatric patient.
Special Considerations

Nonaccidental injury
This differential diagnosis should always be considered in
pediatric injury. The majority of jurisdictions have mandatory reporting for child abuse. Warning signs include
the following:
- Injury pattern inconsistent with developmental
milestones (e.g., a 2-month-old rolling off the diaper changing table)
- Multiple injuries (especially if these appear to have
been inflicted over a period of time)
- Frequent presentations
- Inconsistent history of incident
Pediatric physiology
Children are able to mask significant hemodynamic compromise because of their robust physiology. There are also
confounders for signs such as tachycardia, pain, and a
fear or stress response. Beware of rapid deterioration once
compensatory threshold is reached.
Vascular access
Pediatric venous cannulation can present a challenge even
in a well-hydrated patient. In the presence of hemorrhagic
shock it can be almost impossible. The priority should be
restoring a circulating volume, and early IO access is advocated. A rule of thumb used by some institutions is two
attempts in two locations before you use the IO approach.
Drug dosing
Because the majority of drug doses and fluids are
weight based, it is essential to get an accurate estimation of the child’s weight. The clinician’s choices are to
ask a caregiver or parent, or to use a tool such as the
Broselow Pediatric Emergency Tape to get an estimate.

Box 42.16 Key Points—Geriatric Trauma
• Reduced physiologic reserve
• Consider preexisting conditions
• Check medications—beware the β-blocked bleeding
patient
• Consider elder abuse
• Discuss end-of-life care if appropriate

The considerations for dose reduction of some drugs in
the trauma patient still apply to pediatrics.
Behavior
It is often difficult to get children to be compliant with
treatment depending on their age. There should be consideration for the appropriateness of diagnostic tests such
as CT and the requirement for the child to be still. Intubation may be required to facilitate the process.
Blood dosing (Box 42.15)
Small children have a substantially reduced circulating
blood volume, and a small amount of blood loss can be
significant. In a 20-kg 4-year-old child, the estimated circulating blood volume is only 1600 mL. Loss of 375 mL
(equivalent to a 12-oz can of soft drink) is over 20% of
the total circulating volume. It is important to be vigilant
for occult sources of bleeding and intervene early. Transfusing red blood cells will increase hemoglobin by 2 to
2.5 g/dL for every 10 mL/kg administered.

!Geriatric Trauma (Also See Chapter 35)

As with pediatrics, the elderly trauma patient also
requires some unique considerations for management.
Although trauma is not a major contributor to morbidity
and fatality in the geriatric population, their physiologic
age, coexisting diseases, and medications make this group
much more susceptible to poor outcomes if their care is
not of the highest standards. Once again, the principles
of advanced trauma management are paramount and the
basis of all interventions (Box 42.16). This section will
briefly outline some of the unique considerations for the
trauma patient of advanced age.
Special Considerations

Preexisting illness and physiologic reserve
With advancing age comes the potential for a variety of
medical conditions that may affect a patient’s ability to
survive a major trauma. This combines with the decline in
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physiologic reserve that occurs with healthy aging, placing these patients at serious risk of major morbidity or
fatality.
Medications
Medications, such as antihypertensives, for relatively
minor and well-controlled conditions can exacerbate hemodynamic instability following a trauma.
β-Adrenergic blocking drugs can mask the tachycardia
associated with blood loss.
Minimal impact trauma
Relatively minor mechanisms can result in significant
injuries. Geriatric patients are more prone to fractures
and head injuries. Subdural hematomas are particularly
common.
Elder abuse (also see Chapter 35)
An increasingly recognized cause of injury to the geriatric population in long-term care facilities is abuse. This
should be considered and explored especially in patients
who are in care facilities and have reduced mobility or
cognitive function.
End-of-life care
It is important to consider what is appropriate when
providing an intervention to a patient. When possible,
determine the patient’s wishes and any preexisting limitation of treatment orders. Remain focused on interventions that can return the patient to a level of function
that she or he would find fulfilling. This can be very
difficult in the chaos of a major trauma, but when there
is an opportunity, discuss this with the patient, or the
family, or both.

!Trauma in Pregnancy
Fundamentally, the management of a pregnant patient
is the same as that for any other trauma victim (also see
Chapter 33). A focus on delivering advanced trauma management will optimize the outcomes for both the mother
and the fetus. Still, some specific issues need to be considered when managing a pregnant trauma patient (Box
42.17). This section will present a brief outline of some of
the considerations and differences when managing a pregnant trauma patient.
Causes of Trauma

Pregnant women suffer the same types of trauma as
nonpregnant women, yet they can be more vulnerable to
injury. There are a few special situations worth considering. For example, intimate partner violence increases
during pregnancy and should always be actively considered. In addition, pregnant women are at risk of
improper seatbelt use, which can significantly reduce
the effectiveness of this countermeasure and result in a
different injury pattern.!
Anatomy of Injury

As the fetus develops during the pregnancy, the nature of
maternal and fetal injury changes.
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Box 42.17 Key Points—Trauma in Pregnancy
• Normal signs of blood loss are late—look to urine output
or fetal distress
• Fetal distress is first sign of maternal compromise
• Don’t forget left tilt—uterine displacement to reduce
aortocaval compression
• Reduced FRC—rapid desaturation
FRC, Functional residual capacity.

First trimester: 0 to 13 weeks’ gestational age
The uterus remains an intrapelvic organ; thus, it is well
protected from blunt force trauma. There are the “usual”
adult injuries to abdominal viscera. The embryo is nonviable; vaginal bleeding is a poor prognostic sign.
Second trimester: 14 to 26 weeks’ gestational age
The uterus moves into an extrapelvic position. There is
a progressive, increased risk of direct fetal injury. The
maternal organs gradually become more shielded.
Third trimester: 27 to 40 weeks’ gestational age
The maternal organs are relatively protected from injury
by the uterus and fetus. Exception—the bladder is at
increased risk. There is an increased likelihood of precipitating early labor.
!

Special Considerations
Maternal Physiology

Maternal physiology undergoes significant change to
accommodate the growing fetus (also see Chapter 33).
Health care providers should be aware of specific changes
that have a significant impact on treatment:
- Increased circulating blood volume that can mask significant blood loss
- Compensated respiratory alkalosis with the normal
carbon dioxide partial pressure (PCO2) of about 30 mm
Hg
- Increased clotting factors or hypercoagulable state
toward the end of pregnancy; at term, a fibrinogen of
300 mg/dL would be abnormally low
!

Aortocaval Compression

This is a phenomenon in which the mass of the uterus
and fetus can apply compression to the inferior vena cava
and abdominal aorta, causing a drop in cardiac output of
up to 30%. The risk of aortocaval compression becomes
clinically significant from approximately 20 weeks. To
prevent this phenomenon, a wedge is placed under the
right hip (left tilt) of approximately 15 to 30 degrees or
the use of a spine board to rotate the patient is appropriate. An alternative approach during a resuscitation is
to have an assistant manually displace the uterus to the
patient’s left (Fig. 42.10).!
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major life-threatening conditions. If there is a diagnostic modality that is immediately available that uses less
radiation (e.g., ultrasound), then it is appropriate to use it.
The objective is to minimize the use of ionizing radiation
but ensure the diagnosis is not delayed.!
Fetal Monitoring

30˚

Fig. 42.10 Left tilt of pregnant patient on spine board.

Maternal Airway

There is a higher likelihood of difficulty intubating a
pregnant patient. This is due to several changes in anatomy and biomechanics:
- Increased generalized soft tissue edema that affects
pharyngeal/laryngeal structures
- Increased breast size affecting chest compliance and
positioning in the supine position
- Reduced FRC resulting in relatively rapid desaturation
- Lower esophageal sphincter incompetence resulting in
higher risk of aspiration
The approach to the maternal airway requires meticulous attention to detail to ensure there are no preventable adverse events. As with nonpregnant patients,
consideration to spinal immobilization and adjuncts
such as video laryngoscopy should be considered.!
Anti-D Immunoglobulin

For women with Rh (rhesus)-negative blood type, there
is a risk of isoimmunization with fetal Rh-positive antigen. Pregnant patients of major trauma, and particularly
any with injuries that involve the abdomen, should be
considered at risk of contact between maternal and fetal
circulations. To prevent longer-term impact on future
pregnancies, an Rh-negative mother should be given
anti-D immunoglobulin. This can be given any time after
maternal blood group is determined but should be less
than 72 hours after the trauma.!
Radiation Exposure

Understandably, great effort is made to reduce radiation
exposure to pregnant women. In the context of a major
trauma, the insult most likely to cause morbidity or fatality to the patient and her fetus is delayed diagnosis of

Fetal monitoring should not be commenced until maternal stability has been achieved. Monitoring should be
performed by those with appropriate skills and training
to interpret the information. Continuous fetal monitoring
is not recommended for a fetus younger than 24 weeks
unless there are plans to offer full resuscitation and neonatal intensive care support. The duration of monitoring
is controversial, but most authorities recommend an initial 2 to 4 hours. The perfusion to the uteroplacental unit
is not autoregulated. As such, any reduction in maternal
cardiac output, even if asymptomatic, can demonstrate a
significant reduction in perfusion to the fetus. Any deterioration in fetal condition should prompt reassessment
of maternal hemodynamics.!
Delivery

It may be necessary to expedite delivery of the fetus to
optimize maternal or fetal survival. Delivery of the fetus
may be the only way to control massive uterine or placental bleeding and ensure a successful resuscitation.
Consultation with obstetric and pediatric colleagues
should be sought before undertaking any operative delivery. In the event of sustained cardiac arrest, a perimortem
cesarean section should be considered if 5 minutes have
elapsed without return of spontaneous circulation.28!
Specific Differential Diagnoses

The following diagnoses are unique to the pregnant
patient and should always be considered in addition to
standard differential diagnoses.
- Amniotic fluid embolus can cause potentially lifethreatening hemodynamic collapse (see Chapter 33).
- Placental abruption is the process of inappropriate
separation of the placenta from the uterine wall. The
effect on the mother and fetus depends on the size and
location of the disruption. Large disruptions can result
in massive hemorrhage and fetal hypoxia.
- Uterine rupture: A major trauma can result in loss of
containment of the fetus in the uterine cavity. This
results in fetal parts being in the mother’s abdominal
cavity. It is a life-threatening obstetric emergency for
both mother and fetus. Women who have had previous
cesarean sections are at higher risk.
- Eclampsia: Although rare, eclampsia should be considered in any pregnant woman with an altered conscious
state. It is usually associated with hypertension (i.e.,
arterial blood pressure more than 140/90 mm Hg) and
proteinuria.
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!Care for Trauma Patients in Non-OR Settings
Many procedures that are performed on trauma patients
outside the ORs require anesthesia providers (also see
Chapter 38). These procedures occur at varying stages
of resuscitation. Care in these environments can present
unique challenges because of the unfamiliarity with surroundings, equipment, and staff. Patients are often evaluated in the CT scanner prior to further triage. Other
locations may include radiologic suites, such as magnetic
resonance imaging (MRI) or interventional radiology (IR),
or the ICU. Importantly, a full accounting of the mechanism of trauma as well as known information of past
medical history, injuries, laboratory values, interventions
already performed, and the planned procedure should be
gathered as time allows. The focus of the anesthesia provider should remain on airway patency and the hemodynamic stability of the patient. Adequate patient monitoring
throughout the transport and procedure must be maintained. Trauma surgeons should be notified immediately
of any acute or unexpected changes in the patient’s status.
If the patient requires any additional airway interventions
or has a preexisting airway in place, respiratory therapists
may be available for additional support. Emergency airway
equipment should always be readily available along with
medications for anesthetic induction and hemodynamic
support. Suction should also be available in each location, particularly if thoracostomy tubes have been placed.
Interventions performed in IR that require the presence of
an anesthesia provider should have an anesthesia machine
available, as well as a standard OR cart with basic equipment and medications. If the patient is still in the acute
phase of care while undergoing a procedure outside the OR,
the anesthesia provider must be ready for active cardiopulmonary resuscitation, which may require the availability
of blood, fluid warmers, large-bore intravenous access,

rapid transfusion machines, and invasive monitoring. The
patient’s temperature should be monitored and normothermia maintained. Because of the remoteness of some locations, additional help from anesthesia technicians, nurses,
and other ancillary staff may be critical.!

QUESTIONS OF THE DAY
1. What are the ABCDE components of the Advanced
Trauma Life Support (ATLS) primary survey?
2. For patients with airway burns or oral trauma,
what are the potential hazards of airway management? What steps should be taken to reduce the
risk of complications with placement of a definitive
airway?
3. What are the qualities of an effective leader and follower in a trauma team? How can followers communicate their concerns in a constructive manner?
4. What is the rationale for damage control resuscitation (DCR) compared to traditional approaches to fluid
management in trauma care? What are the key components of DCR?
5. How should anesthetics be administered in a stepwise
fashion in a patient undergoing exploratory laparotomy for acute hemorrhage after major trauma?
6. After traumatic brain injury (TBI), what is the difference between primary neurologic injury and secondary injury?
7. In a patient with traumatic spinal cord injury (SCI), what
are the physiologic manifestations of spinal shock?
8. What criteria should be used to decide whether an
acute burn patient should be transferred to a dedicated
burn center?
!
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