
http://www.cambridge.org/9780521870580


P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-FM CUFX276-Smith-v2 June 11, 2008 22:55

ii

This page intentionally left blank



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-FM CUFX276-Smith-v2 June 11, 2008 22:55

T R A U M A A N E S T H E S I A

Injuries are estimated to become the number-one cause of death for men and
women under the age of 45 by the year 2020. Trauma patients present unique
challenges to anesthesiologists. Acute injuries require resource-intensive care
and are often complex cases, especially when coupled with underlying, pre-
existing medical conditions. Anesthesiologists are involved with trauma
patients beginning with airway and shock resuscitation, continuing with intra-
operative care during surgery, and extending on to pain management and crit-
ical care postoperatively. This new reference focuses on a broad spectrum of
traumatic injuries and the procedures anesthesiologists perform to adequately
care for trauma patients perioperatively, surgically, and postoperatively. Spe-
cial emphasis is given to the assessment and treatment of coexisting disease.
Numerous tables and more than 300 illustrations showcasing various tech-
niques of airway management, shock resuscitation, echocardiography, and use
of ultrasound for the performance of regional anesthesia in trauma provide
an invaluable reference for the anesthesiologist.

Dr. Charles E. Smith is board-certified in anesthesiology and in periopera-
tive transesophageal echocardiography, has expertise in trauma care, and has
published extensively on topics in trauma anesthesia.
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F O R E W O R D

Dr. Charles E. Smith has been inspiring improved anesthesia for
the victims of traumatic injury for many years, having spent the
majority of his career at MetroHealth Medical Center, Cleve-
land, Ohio, which is the city’s major trauma center. He has
regularly served as lecturer in refresher courses for the Interna-
tional Trauma Anesthesia and Critical Care Society (now called
International TraumaCare). He is a productive author of inno-
vative research in the care of the traumatized patient. These
attributes easily qualify him to be editor of a multi-authored
comprehensive book on trauma anesthesia, to which he is also
a major contributor. His invited chapter authors are similarly
qualified. The result is an authoritative, readable, and educa-
tional resource for the student, resident, or practitioner wishing
to stay abreast of a rapidly changing field.

Epochal changes have occurred in the practice of anesthesi-
ology in the last ten years. Improved monitors, safer drugs, and
better-trained anesthesiologists, nurse anesthetists, and anes-
thesia assistants have all reduced the morbidity and mortal-
ity of anesthesia. Anesthesia has become safer. Safer anesthe-
sia improves the outcome of traumatic injuries. Our surgical
colleagues have contributed to the improvements in trauma
care. Innovations in the care of serious fractures, use of dam-
age control in abdominal injuries, and improved care of burns
have reduced morbidity and mortality. Dr. Smith has included
all of the latest innovations in this text. Despite the advances,
the importance of trauma as a cause of disability and lost life
remains and, in fact, when expressed as a proportion to overall
mortality in young people, is increasing in importance.

Throughout history significant advances have been made
in anesthetic care during times of war. The war in Iraq is no
exception, and the lessons learned in that conflict are included.
The technology of vascular access has greatly improved. Ultra-
sonic localization of major veins for central access is a major
advance greatly enhancing safety for the patient. The tech-
nique of intraosseous infusion was once painful and cum-
bersome to establish, such that it was considered a circus
stunt and not of much practical value. Newly designed equip-
ment has revolutionized the technique. It is now fast, pain-
less, convenient, and effective in any patient with difficult IV
access. Having established vascular access, the choice and vol-
ume of fluid therapy is critical to survival and outcome of the

traumatized patient. This book discusses the established and
the controversial concepts. Also discussed is a new protocol-
driven, multidisciplinary approach to massive transfusion. This
approach, which requires cooperation between the blood bank,
the trauma surgeons, and anesthesiologists, takes the guesswork
out of massive transfusion. No longer do we have to stand at
the OR table and ponder, “Is it time for platelets and fresh
frozen plasma?” These collaborative decisions have been made
in advance, and all we have to do is to activate the proto-
col and administer whatever comes in the incremental allot-
ments.

Patients now expect to be relieved of significant pain, and
pain is considered the fifth vital sign. Significant advances have
been made in the techniques for relief of acute traumatic and
postoperative pain. Entire teams of people are now dedicated
to this practice. Nobody questions the value of pain relief, but
it comes with some risk. A multimodal approach appears to
accomplish the goal and simultaneously minimize the risks.

Thermal injuries, brain injuries, and spinal cord injuries
are specialized forms of trauma that are occasionally neglected.
Not so in this text. The public health implications are presented
along with the practical considerations for safe clinical man-
agement. The practical considerations are important because,
for example, drugs and procedures that may be beneficial in
the management of orthopedic injuries are contraindicated in
neurologic injuries. We must be able to recognize these con-
flicts when they occur together in the same patient and create
an anesthetic plan that will benefit the patient.

Dr. Smith and his invited authors have done a magnifi-
cent job of pulling together the diverse concepts of the man-
agement of the traumatized patient and presenting us with a
valuable resource for the anesthesiologist. Although directed at
the anesthesiologist, the text is useful for emergency medicine
physicians, surgeons, orthopedists, and, in fact, any health care
professional who deals with trauma. Congratulations to the
entire group of authors!

Adolph H. (Buddy) Giesecke MD, Emeritus Professor
Anesthesiology and Pain Management

University of Texas Southwestern Medical Center
Dallas, Texas
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F O R E W O R D

The challenge of managing seriously injured patients encom-
passes an expanse of issues linked by a common factor – trauma.
In these critical situations, anesthesiologists are often faced with
the need to simultaneously address emergent airway manage-
ment, resuscitation, massive blood loss, acidemia, coagulopa-
thy, hypothermia, and the consequences of damage to vari-
ous organs. The management of each of these conditions alone
can be essential for survival, and their convergence presents a
unique situation in which the likelihood of death or a bad out-
come is real. Success in this stressful situation requires a sophis-
ticated understanding of basic sciences and expertise in the clin-
ical and technical skills of anesthetic management. Together,
the anesthesiologist and trauma surgeon must orchestrate the
human and physical resources of the trauma center with a
patient’s life on the line.

Recent advances in the field of trauma anesthesiology paral-
lel those in other related medical disciplines. Concepts promul-
gated by experiences in recent military conflicts have affected
resuscitation and the use of blood products. The adoption of
damage control operations and the use of simultaneous sur-
gical teams to address multiple critical injuries have improved
survival. Rules regarding the transfusion of blood and blood
components and the use of recombinant clotting factors such
as Factor VII concentrate have led to a “sea change” in trauma
management that has resulted in the survival of soldiers and
others injured under war conditions beyond what was possible
just a few years ago. These concepts have been readily adopted
in civilian trauma centers. The intensity associated with their

use has placed an increased demand on anesthesiologists who
are already taxed in their care for the critically injured.

This excellent book addresses these important and evolving
changes in management of the injured patient as well as more
traditional issues in trauma anesthesia. The breadth of topics
addressed by the authors reflects the challenges and complexi-
ties of anesthesia-related care for victims of traumatic injury.

Trauma surgeons realize the tremendous importance of
coordinated care promulgated at trauma centers and by trauma
systems. Injury accounts for more lost productive years of life
than any other disease; therefore, survival and ultimate return to
an acceptable level of function are important outcome param-
eters both for the patient, their loved ones, and our society.
Because many seriously injured patients will require an opera-
tion, the anesthesiologist is an important link in the coordinated
approach to trauma care and must be aware of the unique prob-
lems related to managing injury. That is why this book is such
an important contribution for anesthesiologists who care for
trauma patients.

Mark A. Malangoni, MD
Surgeon-in-Chief

Chairperson, Department of Surgery
MetroHealth Medical Center

Professor of Surgery
Case Western Reserve University School of Medicine

Cleveland, Ohio
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P R E F A C E

Trauma is a leading cause of death and disability in modern
society. Trauma will continue to be a leading cause of death
well into the future. We are all vulnerable to traumatic injury.
Managing adult and pediatric victims of major trauma and
burns continues to be a great challenge requiring a tremen-
dous amount of dedication and resources. The overall aim of
this book is to review the anesthesia considerations for trauma
patients and to provide a rational approach to choice of anes-
thetic techniques and drugs for injured patients. To accomplish
this, I have assembled an outstanding group of clinicians who
regularly care for trauma patients at major trauma centers. Each
of them was asked to contribute a chapter that would provide
an in-depth discussion on their area of expertise and that would
concentrate on clinical aspects of trauma management. I have
selected members of my hospital to assist with this textbook, as
well as notable contributors from other major centers around
the globe.

The book consists of thirty-seven chapters that deal in detail
with pertinent areas of trauma care, such as airway and shock
management, monitoring, vascular access, pharmacology of
anesthetic drugs, fluid and blood resuscitation, and the treat-
ment of acute and chronic pain after injury. For several pat-

terns of injuries, including extremity and pelvis, spinal cord,
burns, cardiac and great vessel, surgical considerations and
management principles are presented to the reader in the chap-
ter preceding the one dealing with anesthesia considerations.
Specific chapters review the anesthesia considerations of vul-
nerable patient populations such as elderly, pediatric, pregnant,
and military patients. Other sections deal with important issues
of trauma care, including damage control in severe trauma,
hypothermia in trauma, mechanical ventilation in critically
injured patients, and use of echocardiography and ultrasound
in trauma. Training for trauma, including the use of simulation
and the role of trauma care systems in facilitating the allocation
of resources for optimally managing injured patients are also
covered.

I hope that this book will be of use for anesthesia care
providers who are faced with caring for trauma patients at all
hours of the day and night. I am certain that the text will bene-
fit anesthesia residents and staff of major trauma centers, help
pave the way to improved care of the injured, and stimulate
future advances in trauma care.

Charles E. Smith, MD, FRCPC

x i
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M E C H A N I S M S A N D D E M O G R A P H I C S

I N T R AU M A

Pedro Barbieri, Daniel H. Gomez, Peter F. Mahoney,
Pablo Pratesi, and Christopher M. Grande

Objectives
The aim of this chapter is to put trauma in context as a major health issue and give practitioners
an understanding of the underlying causes and mechanisms.

I N T R O D U C T I O N

Injury is the leading cause of death in people aged between 1
and 44 years in the United States and a leading cause of death
worldwide [1]. It can be defined as a “physical harm or damage
to the structure or function of the body, caused by an acute
exchange of energy (mechanical, chemical, thermal, radioac-
tive, or biological) that exceeds the body’s tolerance” [2, 3].

In 2002, 33 million patients were processed by emergency
departments in the United States, and 161,269 died by traumatic
injury [4]. Trauma is the leading cause of years of potential
life lost for people younger than 75 years and this implies a
huge expense to the health care system and massive amounts of
resources used for care and rehabilitation [5].

Demographics is the statistical study of human popula-
tions, especially with reference to size and density, distribution,
and vital statistics. Data on the demographics of trauma in the
United States have been obtained from a number of sources
listed in the references to this chapter.

A L C O H O L

In a recent report from the Federal Bureau of Investigation’s
(FBI) Uniform Crime Reporting Program, the FBI estimated
that more than 1.4 million drivers were arrested for driving
under the influence of alcohol or narcotics, and an estimated
254,000 persons were injured in crashes where police reported
that alcohol was present – an average of one person injured
approximately every two minutes. In 2005, 21 percent of the
children aged 14 and younger killed in motor vehicle crashes
were killed in alcohol-related crashes.

Unintentional motor vehicle traffic-related injuries statis-
tics:

Between 2000 and 2004, 366,021 persons suffered injuries
by unintentional motor vehicle-related injuries. Of
these 266,491 were vehicle occupants, 37,340 were
motorcyclists, and 43,502 were pedestrians [6]. In 2005,
43,200 victims died on the highways of the United
States.

Safety belts are approximately 50 percent effective for pre-
venting fatality in severe crashes. Belts save 13,000 lives
each year, while 7,000 persons die because they do not
use belts.

Air bags, combined with lap/shoulder safety belts, offer the
most effective safety protection available today for pas-
senger vehicle occupants. But, air bags are only to be
regarded as supplemental protection to seat belts and
are not designed to deploy in all crashes. Most airbags
are designed to inflate in a moderate-to-severe frontal
crash. In 2005, an estimated 2,741 lives were saved by
air bags.

Children from 0 to 14 years are at great risk for unintentional
motor vehicle-related injuries. In 2004, 1,638 children
died as occupants in motor vehicle crashes (5 deaths
and 586 injuries each day) and half of those killed in
motor vehicle accidents were unrestrained [7].

Twenty-five percent of occupant deaths among children
younger than 14 years involve a drinking driver.

Restraint use among young children depends on the driver’s
restraint use; almost 40 percent of children riding with
unbelted drivers were themselves unrestrained.

1
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Figure 1.1. Road traffic collision overview. Important prehospital infor-
mation about the collision will be lost if hospital personnel do not get a
good handover from prehospital crews. Photo courtsey of PF Mahoney.

U N I N T E N T I O N A L M O T O R V E H I C L E
T R A F F I C - R E L AT E D I N J U RY M E C H A N I S M S

Unless anesthesia providers are involved in prehospital care,
their usual experience with trauma patients will be having them
presented in the resuscitation room, packaged by prehospital
ambulance crews (Figure 1.1).

To understand what has happened to the patient and to
appreciate the likely injuries, it is vital to get a clear handover.
Information needed includes:

■ Estimated speed of vehicles involved
■ Direction of impact
■ Whether the vehicle rolled over
■ Whether the occupants were wearing seat belts
■ Whether the air bags deployed
■ What damage occurred to the passenger compartment
■ How long the extrication took.

To understand the magnitude of the injury, it is necessary
to be able to develop a mental image of the interaction between
energy and body anatomy, an intuitive concept and understand-
ing about forces of acceleration–deceleration, and energy trans-
ferred to the body. Unintentional motor vehicle-related injuries
involve a complex interaction of forces, including:

■ Primary collision: impact of vehicle with another object
■ Secondary collision: the casualty strikes internal parts

of the vehicle that may have intruded into the passenger
compartment due to the primary collision

■ Damage due to organs and tissue moving within the
body and tearing vessels and attachments.

Unintentional motor vehicle-related injuries usually are
categorized as:

■ Head-on or frontal
■ Rear impact
■ Side impact

Figure 1.2. High-energy impact on a car after casualty has been removed.
Note the intrusion of metal into the occupant compartment. Significant
injury can be expected. Photo courtsey of PF Mahoney.

■ Rotational impact
■ Rollover.

Examples of these injury mechanisms are shown in Figures
1.2–1.5. Half of deaths are related to head-on impact, and the
rest involve side impact (25%), rear impact (less than 10%),
and rollover [8].

An unrestrained front seat occupant is likely to suffer one of
two injury patterns in a frontal impact, depending on whether
the mechanism was “down and under” or “up and over.” With
the down-and-under approach the passenger slumps in the seat
and the knees move forward, usually striking the underside of
the dashboard. Forces are transmitted through the femurs to
the hips and pelvis, resulting in fracture-dislocation of hips.
Impact of the feet on the floor causes fracture-dislocations and
soft tissue damage below the knees. As the upper body moves
forward, it hits the steering wheel, dashboard, and windshield,
resulting in injury to the face, head, neck, chest, and abdomen.

In the up-and-over pattern the face and head are the first
points to strike the windshield, followed by the chest. Face and
head injuries result, and cervical spine injuries occur as a result
of extension and/or compression. Direct injury to the front of
the neck from contact with the steering wheel, dashboard, or
windshield may produce severe tracheal injuries [9].

Rear impact is frequently associated with whiplash injury.
Depending on the forces involved and the amount and design of
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Figure 1.3. High-energy impact removing side structures of a vehicle.
Significant injuries would be expected to vehicle occupants. Photo court-
sey of PF Mahoney.

head restraint, injury may range from minor soft tissue injuries
to extensive fractures with spinal cord injury.

In the side collision, parts of the vehicle frame intrude on
the passenger compartment. Because the side of the driver’s or
passenger’s body is relatively exposed and unrestrained, injury
may affect any region as the body strikes the side of the vehicle.
The cervical spinal column is not tolerant of lateral forces, so
cervical injuries are common in side impacts [10].

Complex patterns of injury arise from vehicle rollovers. The
vehicle is often severely damaged, and the risk of ejection of
unrestrained passengers is usually more significant than with
other types of collision.

The correct and incorrect use of seat belts may also produce
specific patterns of injury. Lap belts offer little protection to the
head and upper body and may cause lumbar spine and intra-
abdominal injuries to the duodenum, pancreas, small bowel,
spleen, liver, and gravid uterus. A diagonal shoulder belt with-
out a lap component allows the body to slide under, possi-

Figure 1.4. Vehicle rollover can be associated with complex patterns of
injury. Photo courtsey of PF Mahoney.

Figure 1.5. Building hit by a bus. Injuries to be expected include crush
from falling bricks. Photo courtsey of PF Mahoney.

bly producing severe head and neck injuries. Wearing the diag-
onal component below the arm instead of above it may result in
severe chest and abdominal injuries. Incorrect placement of the
lap belt above the pelvis leaves the lower abdomen and lumbar
spine susceptible to injury. Even the correct use of well-designed
seat belts may result in injuries, the most common of which are
fractures to the ribs, clavicle, and sternum [11].

M O T O R C YC L E C O L L I S I O N S TAT I S T I C S

In 2005, in the United States, 4,553 motorcyclists died in motor-
cycle collisions and an additional 87,000 were injured. Compar-
ing the vehicle miles traveled in 2004, motorcyclists were about
thirty-four times more likely than passenger car occupants to
die in a motor vehicle traffic crash and eight times more likely
to be injured.

Helmets are estimated to be 37 percent effective in prevent-
ing fatal injuries to motorcyclists. This means that for every 100
motorcyclists killed in crashes while not wearing a helmet, 37 of
them could have been saved had all 100 worn helmets. Reported
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helmet use rates for fatally injured motorcyclists in 2005 were
58 percent for operators and 50 percent for passengers.

M O T O R C YC L E C O L L I S I O N M E C H A N I S M S

Injury to motorcyclists results from impact with the ground,
street furniture, or the colliding vehicle. Injury can be expected
to all body regions. Injuries of particular note include:

■ Closed head injury
■ Facial trauma
■ Cervical spine fractures
■ Chest injuries including injuries typical of deceleration

such as aortic disruption
■ Abdomen – liver and spleen injury
■ Extremities – long-bone fractures.

P E D E S T R I A N V E H I C L E C O L L I S I O N

In 2005, in the United States, about 4,881 pedestrians were
killed in traffic crashes and 64,000 were injured. On average,
a pedestrian is killed in a traffic crash every 108 minutes and
injured in a traffic crash every 8 minutes. Seventy percent of
the pedestrians killed in 2005 were males; and 16 percent were
older than 70 years. Forty-three percent of the 388 young (under
age 16) pedestrian fatalities occurred in crashes between 3 p.m.
and 7 p.m. and nearly one-half (48%) of all pedestrian fatalities
occurred on weekends.

Adult pedestrian injury typically involves three impacts:

■ Impact with the lower limbs as the impacting vehicle
brakes and decelerates, lowering the front of the vehicle

■ Impact with the hood of the vehicle as the casualty is
thrown forward, causing head and chest injuries

■ Impact with the ground, commonly causing head
injury.

Pedestrian child injury is less predictable, but a typical pat-
tern of trauma is “knocked down and run over,” resulting in
chest, femur, and head injuries and secondary trauma resulting
from hitting the vehicle or ground.

FA L L S

Falls exceeded motor vehicle accidents as the leading cause of
nonfatal injuries treated in hospital emergency departments in
the United States in 2004. Falls are the most frequent cause of
injuries and hospital admissions in the elderly population aged
65 years and older. Falls in the elderly are frequently associ-
ated with a concurrent medical event, such as cerebrovascular
accident or myocardial ischemia.

Falls involve a sudden deceleration in the vertical plane.
The magnitude of injury depends on height, transference and
absorption of energy, and orientation of the victim. Falls of 8
to 10 meters (25–30 feet, three stories in a building) are fatal
in 50 percent of victims. If the victim is standing, foot, heel,
tibia, fibula, femur, pelvis, spine, and internal organs can suffer

the impact. Head-first impact can produce facial-cranial injury,
lesions of neck, cervical spine, shoulders, and pelvis.

T R AU M AT I C B R A I N I N J U RY ( T B I )

Traumatic brain injuries contribute to a substantial number of
deaths and cases of permanent disability annually. Of the 1.4
million who sustain a TBI each year in the United States 50,000
die, 235,000 are hospitalized, and 1.1 million are treated and
released from an emergency department.

Among children aged 0 to 14 years, TBI results in an esti-
mated 2,685 deaths, 37,000 hospitalizations, and 435,000 emer-
gency department visits annually [12].

The leading causes of TBI are falls (28%), motor vehicle-
traffic crashes (20%), struck by/against events (19%), and
assaults (11%) [13].

F I R E A N D B U R N D E AT H S

Deaths from fires and burns are the fifth most common cause
of unintentional injury deaths in the United States [14]. The
average extent of a burn injury admitted to a burn center is
about 14 percent of total body surface area (1991–93) while
burns of 60 percent total body surface area or more account for
4 percent of admissions.

Most victims of fires die from smoke or toxic gases and not
from burns [15]. Smoking is the leading cause of fire-related
deaths, and cooking is the primary cause of residential fires
[16]. Approximately half of home fire deaths occur in homes
without smoke alarms [17].

F I R E C O S T S

In 2005 residential fires caused nearly $7 billion in property
damage [18]. Fire and burn injuries cost about $7.5 billion each
year [5]. Fatal fire and burn injuries cost $3 billion. Hospitalized
fire and burn injuries total $1 billion.

F I R E A R M – G U N S H O T

In 2003, 30,136 persons died from firearm injuries in the United
States, accounting for 18.4 percent of all injury deaths. Males
had an age-adjusted rate that was 6.8 times that for females, the
black population had a rate that was 2.1 times that of the white
population, and the non-Hispanic population had a rate that
was 1.3 times that of the Hispanic population.

In 2004, the number of deaths due to homicides was 16,611,
of which firearms homicides caused 11,250 deaths [19]. Homi-
cide is the leading cause of death for black males aged 15 to
24 years, and 75 percent of homicides were firearm related.

School shootings are devastating events that raise many con-
cerns about the safety of the young population. However, the
vast majority of youth homicides occur outside school hours
and property. Fewer than 1 percent of the total number of chil-
dren and youth homicides (5–19 years of age) is related to school
shootings.



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

0521856574c01 CUFX276-Smith-v2 May 12, 2008 17:11

M E C H A N I S M S A N D D E M O G R A P H I C S I N T R A U M A ■ 5

A B

C

Figure 1.6. These three pictures show a bullet entry wound (a), the path
through the liver (b), and the exit wound (c). The extent of the injury only
becomes clear at surgery or at forensic examination. On first inspection it
is often difficult to be confident about which is the entry and which is the
exit wound. Photo courtsey of PF Mahoney.

P E N E T R AT I N G T R AU M A M E C H A N I S M S

Low-Energy Transfer Sharp Implements

Knives: The main issue to appreciate when managing knife
wounds is that tissue is elastic. The dimensions of the observed
wound in a patient may not relate to the weapon used. A
knife assailant may turn the blade in the target’s body, caus-
ing increased damage as structures are deliberately cut.

Swords: Different swords are designed to be used in different
ways. For example, a sharp Samurai sword is designed with a
cutting edge and if used in this fashion will produce injury
different from a sword designed for thrusting, or another type,
the broad sword.

Projectiles

Arrows: In general, injuries from arrows can be considered as
“low-energy transfer” wounds and the area of injury is closely
related to the arrow trajectory. This is not to dismiss how dam-
aging arrows from a powerful bow or bolts from a crossbow
can be.

Bullets: Modern firearm ammunition is a combination of a
projectile (the bullet) and a case. The bullet is held in the front
end of the case. The case contains propellant. When this is

initiated the bullet is propelled down the barrel of the weapon.
Many weapons have grooves inside the barrel that cause the
bullet to spin, giving a degree of stability in flight, although
bullets may become unstable in flight and “tumble.”

The wounding effect on tissue is a combination of:

■ The properties of the tissue. Elastic tissue is pushed
away; nonelastic tissue may shatter.

■ The energy of the projectile. Kinetic energy of the pro-
jectile equals half the mass of the bullet times velocity
squared (1/2 M × V × V).

■ The energy transferred by the projectile to the tissue.
This varies according to how the bullet strikes: nose
first or side first. A larger surface of the bullet striking
usually means more energy given up.

■ Whether or not the projectile breaks up in the tissue.
The resulting fragments cause their own wounds.

■ Vital structures hit (Figure 1.6, see also color plate after
p. 294).

There is an arbitrary division between high-velocity
(2,000–2,500 feet per second) and low-velocity bullets, but a
better terminology is “high- and low-energy transfer wounds”
depending on how much energy is dumped into the tissue,
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which in turn is influenced by the preceding factors. Projectiles
moving at more than 1,000 feet per second are associated with
a significant “temporary cavity” in tissue – that is, the kinetic
energy given up to the tissues forces them away from the missile
tract – and this can be many times the size of the permanent
cavity left by the missile. This temporary cavity generally lasts
only a few milliseconds.

Dirt and clothing can be carried into the wound by the
projectile and drawn in by the vacuum effects of the temporary
cavity, leading to wound contamination.

Types of Bullets

Some broad examples are:

■ Full metal jacket: metal casing around a lead core. A
nonexpanding round that produces a deep wound.

■ Jacketed hollow point: an exposed hollowed lead tip
allows expansion of the round on impact. Less tis-
sue penetration than full metal jacket but more energy
transfer to tissue.

■ Soft point: exposed lead tip allows rapid expansion.
■ Altered ammunition: actions taken after ammunition

has been manufactured to increase the wounds pro-
duced, for example, altering the shape or structure to
increase tumble or fragmentation in the body. (Military
use of altered and expanding ammunition was limited
by the 1899 Hague Convention.)

Explosive Munition Injury

The injury produced by a bullet is the result of a complex inter-
action between the bullet and tissue. Injury produced by an
explosive device is also the result of complex interactions that
can be broken down into a number of mechanisms.

Explosives are categorized as high order or low order depend-
ing on how rapidly they change their state once initiated. High-
order explosives undergo almost instantaneous change from
solid to gas, rapidly releasing energy, and are associated with
sudden increases in pressure and a supersonic shock wave/shock
front. Low-order explosives change less rapidly and are not asso-
ciated with the overpressure wave.

Blast injury has been classified as follows:

Primary: due to the actions of the blast or overpressure
wave. This can completely disintegrate a casu-
alty. The blast wave interacts with the body or
component tissue, dumping energy into the tissue
and producing stress waves that cause microvas-
cular injury and shear waves that produce asyn-
chronous tissue movement, which causes tearing.

Secondary: due to fragments projected by the energy of the
explosion. Fragments can be “natural” from the
random fragmentation of the bomb’s compo-
nents, or “preformed” from notched wire, metal
balls, or squares packed into the bomb. These
cause multiple penetrating injuries.

Tertiary: due to the casualty being thrown/displaced by the
explosion or injured due to structural collapse.
This is generally “blunt” injury.

Quaternary: all other effects, including fires from the explosive
components or from ignited fuel, toxic effects of
fumes, and exacerbation of medical conditions.

There is a question as to whether human tissue from
homicide bombers or bombs in crowded places that ends up
embedded in another victim should be classified as a separate
wounding mechanism.

Practically, casualties will often have complex combinations
of these mechanisms.

■ A casualty in a military vehicle blown up by a bomb
may be sheltered from the worst of the fragments but
injured by the blast wave and fires within the vehicle.

■ A soldier injured by a roadside bomb may escape the
blast effect but suffer multiple penetrating injuries from
fragments.

This can lead to conflicting requirements during surgery
and anesthesia and will be considered further in the chapter on
military and field anesthesia.

S U M M A RY

This chapter has provided an introduction to trauma mecha-
nisms and the wider impacts of trauma on the population and
the economy. Clinical issues will be expanded in the relevant
chapters throughout the book.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following is correct?

a. Trauma deaths occur equally in all age groups.
b. Sporting accidents are the leading cause of death in peo-

ple older than 75 years.
c. Falls in the elderly are often associated with events such

as transient ischemic attacks or myocardial ischemia.
d. Alcohol use is not associated with traffic collisions.

2. With regard to motorcycle collisions, which of the following
is correct?

a. When compared mile for mile, motorcycles are a safer
mode of transport than cars.

b. In motorcycle crashes only the riders’ limbs suffer injury.
c. It is safe to use narcotics and ride motorcycles.
d. Wearing a helmet can significantly reduce death from

head injury in motorcyclists.

3. Considering children injured in road collisions, which of
the following is correct?

a. Children are rarely injured in road accidents.
b. Alcohol use by a driver is a significant cause of children

being injured both as passengers and as pedestrians.
c. Children do not need to wear seat belts.
d. Children have more flexible bones than adults so are not

as badly hurt if hit by a car.
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4. Concerning adult pedestrians hit by cars, which of the fol-
lowing is correct?

a. Adult pedestrians typically suffer three impacts when hit
by a car – hit in the lower limbs, impact with the vehicle
hood, then a further impact with the road.

b. Weekends are the safest time for pedestrians.
c. Males and females are injured equally in pedestrian col-

lisions.
d. Vehicle speed has no influence on pedestrian injuries

suffered.

5. Regarding death and injury caused by fires, which of the
following is correct?

a. Carbon monoxide and flames cause an equal number of
fatalities.

b. Smoking at home when under the influence of alcohol is
safe.

c. Fire and burn injuries cost the United States about $1
million every year.

d. Approximately half of home fire deaths occur in homes
without smoke alarms.

6. Which of the following statements about firearm incidents
is correct?

a. Firearm deaths in the United States affect males and
females equally.

b. Firearm deaths in the United States affect all ethnic
groups equally.

c. Firearm deaths in the United States affect all age groups
equally.

d. Less than 1 percent of the total number of children and
youth homicides (5 to 19 years of age) are related to school
shootings.

7. Concerning penetrating trauma, which of the following is
true?

a. All bullets have the same kinetic energy.
b. Expanding ammunition was endorsed by the 1899 Hague

Convention.
c. The properties of the tissue struck by a bullet influence

the injury produced.
d. The kinetic energy of a bullet is given by its height mul-

tiplied by its weight.

8. Regarding knife injuries, which of the following is true?

a. You can guess the length of the knife used to cause a
wound by looking at the wound.

b. Knives used for stabbing and swords used for slashing
always produce identical wounds.

c. If a patient presents with a knife in situ, wait until the
patient is in the operating room before the surgeon takes
it out.

d. Knives always do more damage to people than bullets.

9. Concerning explosive injury, which of the following is true?

a. Low-energy explosives cause a huge shock wave.

b. A casualty in a vehicle will always be protected from the
heat of an explosion.

c. The effects of fires in an explosion are termed primary
blast injury.

d. The effects of fragments in an explosion are termed sec-
ondary blast injury.

10. With regard to trauma mechanisms, which of the following
is true?

a. Injuries after falling from more than twenty feet are gen-
erally very minor.

b. Traumatic brain injury rarely occurs in the United States.
c. The average size of burns admitted to burn centers is

about 80 percent.
d. Dirt and clothing fragments carried into a bullet wound

are sources of contamination.

A N S W E R S

1. c
2. d
3. b
4. a

5. d
6. d
7. c

8. c
9. d

10. d
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T R AU M A A I R WAY M A N A G E M E N T

William C. Wilson

Objectives
1. Review the major considerations and tools needed for trauma airway management.
2. Characterize the difficult airway in trauma.
3. Evaluate the American Society of Anesthesiologists’ difficult airway algorithm with regard to

trauma.
4. Provide a plan for managing common trauma difficult airway scenarios.

I N T R O D U C T I O N

Airway management disasters account for a large proportion of
malpractice lawsuits in the American Society of Anesthesiolo-
gists’ (ASA) Closed Claims database [1]. Airway loss is a major
cause of preventable prehospital death in trauma patients [2].
Trauma airway management is complicated because of asso-
ciated pathology and suboptimal intubating conditions, and
also because complete preintubation evaluation and planning
is rarely possible. Furthermore, trauma patients are at increased
risk for hypoxia, airway obstruction, hypoventilation, hypoten-
sion, and aspiration.

A significant reduction in airway management claims has
occurred over the past decade due to the introduction of the
ASA difficult airway algorithm, which institutionalized the need
for airway evaluation, awake intubation techniques, and the
use of back-up rescue modalities such as laryngeal mask air-
way (LMA), esophageal-tracheal-combitube (Combitube), and
transtracheal jet ventilation (TTJV) [1]. It is therefore logical
that incorporation of the ASA difficult airway algorithm, with
certain minor modifications, can likewise improve safety dur-
ing trauma airway management.

This review of airway management for trauma begins with
a survey of the equipment and drugs that should be prepared
ahead of time, defines and characterizes the “difficult airway,”
and describes the principles of airway evaluation and manage-
ment for the trauma patient under both elective and emergency
conditions. Proper evaluation and prioritization of treatment
are emphasized throughout this chapter, with awake intubation
techniques recommended for difficult airway management in
cooperative, stable trauma patients. Emergency airway adjuncts
such as the LMA and Combitube may be required to rescue
the cannot intubate–cannot ventilate situation. Specific tips

are provided regarding the successful techniques and pitfalls of
fiberoptic bronchoscopy, and the fiberoptic bronchoscopy tech-
nique is emphasized where appropriate throughout this chapter.

After providing a survey of the major considerations and
tools useful in trauma airway management, the ASA difficult
airway algorithm is formally reviewed along with the suggested
modifications required for trauma situations. With this founda-
tion, the management of five common trauma difficult airway
scenarios are reviewed. Important trauma airway complications
are then summarized. Finally, new concepts and techniques that
are currently being developed to improve trauma airway man-
agement are described.

E Q U I P M E N T A N D D RU G P R E PA R AT I O N

Regardless of the urgency associated with any particular intuba-
tion event, several key drugs and airway management tools are
universally required; these should be available (and guaranteed
to be in working order) for the physician providing airway man-
agement for the trauma patient. Essential emergency airway
equipment items are listed in Table 2.1 and include: (1) an oxy-
gen (O2) source and various types of administration devices; (2)
an assortment of oral and nasal airways, along with a bag-valve-
mask ventilation device capable of applying positive pressure
ventilation (and able to deliver 100% O2); (3) intubation equip-
ment (including laryngoscopes, styletted and pretested endo-
tracheal tubes [ETTs]); (4) suction tubing and a tonsil tipped
suction device; (5) a functioning intravenous (IV) catheter;
(6) prelabeled syringes containing induction and resuscita-
tion drugs including vasopressors and inotropes; (7) appro-
priate monitors and intubation detectors (as will be described
shortly). All of the aforementioned equipment (except for the

9
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Table 2.1: Essential Emergency Airway Equipment Contained in Portable Storage Unit for
Trauma Resuscitation

Equipment Category Specific Emergency Airway Device

Oxygen Oxygen (O2) inflow tubing and O2 source.

Ventilation Bag-valve-mask device (connect to O2 source).
Soft nasal airway
Rigid oral airway
Transtracheal jet ventilation equipment
Laryngeal mask airway
Esophageal-tracheal Combitube

Intubation Laryngoscope with new tested batteries
#3 and #4 Macintosh blades with functioning light bulbs
#2 and #3 Miller blades with functioning light bulbs
Endotracheal tubes – various sizes styletted with balloon tested
Tracheal tube guides (gum elastic bougie, semirigid stylets, ventilating tube

changer, light wand)
Flexible fiberoptic intubation equipment
Retrograde intubation equipment
Adhesive tape or umbilical tape for securing ETT

Suction Yankauer, endotracheal suction

Monitor PETCO2, pulse oximeter, esophageal detector device

Drugs IV induction and paralytic medication
Topicalization drugs
deVilbiss sprayer for application of topical drugs
Resuscitation drugs (epinephrine, atropine, etc.)

Miscellaneous Various syringes, needles, stopcocks, IV connector tubes

ETT, endotracheal tube; IV, intravenous.

O2 source) should fit into a portable storage unit (i.e., Code Bag)
for trauma resuscitation. In austere environments, small tanks
of O2 will also need to be transported to the site of emergency
airway management. The importance of each of these essential
airway management devices and drugs will be reviewed in this
section.

Oxygen: Critical During Trauma Airway Management

Advanced Trauma Life Support® (ATLS®) begins with assess-
ment and management of the airway and breathing, the top two
priorities in the ABCDEs of the primary survey. As soon as a
trauma patient is encountered in the field or in the trauma bay,
O2 is immediately applied. Furthermore, O2 should be admin-
istered throughout the trauma assessment and treatment phase.

Hypoxemia is a constant threat in trauma and critical ill-
ness due to disease processes that cause respiratory failure and
those associated with injury. In addition, 100 percent O2 should
be administered for three to five minutes immediately preced-
ing airway management (i.e., preoxygenation) to increase the
duration of adequate O2 saturation during the period of postin-
duction apnea.

Treatment of Hypoxemia
Clinically, the term hypoxia denotes decreased O2 tension

at the tissue level. Hypoxemia is defined as decreased O2 tension

in the arterial blood (PaO2). In trauma scenarios, when tissue
hypoxia occurs, hypoxemia is nearly always present.

Hypoxemia has eight major causes. The first five eti-
ologies are related to the atmosphere (low partial pressure
of inspired O2) or the lungs (hypoventilation, ventilation-
perfusion mismatch, right-to-left transpulmonary shunt, and
diffusion abnormalities). The next two causes of hypoxemia
involve delivery of O2 to the tissues (i.e., low oxyhemoglobin
or low cardiac output). The final cause of hypoxemia is termed
“histocytic,” denoting a problem in O2 utilization at the tissue
level, usually due to the poisoning of the mitochondrial electron
transport chain, as seen with cyanide or carbon monoxide toxic-
ity. Patients suffering from all of these eight causes of hypoxemia
will benefit from the administration of 100 percent O2.

Preoxygenation: Maximizing Arterial Saturation
during Apnea

During trauma airway management, O2 is administered
prior to intubation in a process called preoxygenation. Opti-
mum preoxygenation requires that 100 percent O2 be delivered
by a tight-fitting mask during spontaneous ventilation for three
to five minutes prior to administering drugs that cause apnea.
If the time does not allow for a full five minutes of preoxy-
genation, the patient should be instructed to take four to eight
vital capacity breaths; this will increase O2 stores, though not
to the same level as a full five minutes of preoxygenation. The
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Figure 2.1. FRC and relationship of oxygen reserve. This figure illustrates
the factors that determine the time from apnea until desaturation includ-
ing the functional residual capacity (FRC), the concentration of oxygen in
this reservoir (FIO2), and the oxygen consumption (V̇O2) of the patient.
The spirometric trace on the left side of the figure depicts the relative
volumes of the FRC, tidal volume (VT), residual volume (RV), and vital
capacity (VC). The reservoir of oxygen in the lungs at end exhalation
(FRC) in a normal 70-kg patient is approximately 2.5 L, and the resting
V̇O2 is approximately 250 cc per minute. If the patient is breathing 100
percent oxygen then there are theoretically ten minutes prior to desatura-
tion. Whereas, if the patient is breathing room air (21% oxygen) there are
only two minutes prior to desaturation. Furthermore, ICU patients are
typically sicker with lower FRCs, increased V̇O2, and increased shunting,
all of which can cause more rapid desaturation following apnea. (From
Wilson WC. Emergency airway management of the ward. In Hannowell
LA, Waldron RJ, ed. Airway management. Philadelphia, PA: Lippincott-
Raven Publishers, 1996, pp 443–51; with permission).

goal of preoxygenation is the replacement of nitrogen with O2

(denitrogenation), thereby increasing the O2 stores in the lungs,
arterial and mixed venous blood, as well as in the tissues. Con-
sequently, the duration that apnea can be tolerated, without
causing arterial O2 desaturation, is prolonged.

Preoxygenation is an essential component of any intubation
technique that might involve a period of apnea. Preoxygenation
is especially important for a “rapid sequence intubation” (RSI).
When a patient is rendered apneic, the patient has a finite period
of time prior to the onset of arterial desaturation. This time
period is directly related to the reservoir of oxygen in the lungs
at end exhalation during normal tidal breathing (the functional
residual capacity [FRC]), and inversely related to the oxygen
consumption (approximately 250 mL/min in a 70-kg patient)
(Figure 2.1).

Preoxygenation with 100 percent O2 allows for up to ten
minutes of oxygen reserve following apnea in a normal patient
at rest with healthy lungs and a normal FRC (approximately 2.5
L). The same patient when breathing room air (21% O2) would
theoretically have about one fifth the time (only two minutes)
prior to arterial desaturation. Furthermore, trauma patients
frequently have a decreased FRC due to numerous causes
(e.g. pneumothorax, hemothorax, rib fractures, diaphragmatic
hernia, abdominal injuries, and intraabdominal blood), and
will desaturate earlier than normal patients following apnea.
Patients in respiratory failure from pulmonary edema, pneu-
monia, or pulmonary contusion will desaturate even sooner due
to increased O2 consumption, increased right-to-left transpul-

monary shunting, and further decreased FRC (atelectasis, lobar
collapse) (Figure 2.2).

Ventilation and Intubation Equipment

An assortment of face masks should be available; and an appro-
priately sized mask should be attached to the manual ventilation
device. The mask should be pre-tested for integrity and ability to
generate positive pressure without leaks and should be capable
of delivering 100 percent O2 at high flow rates. In austere envi-
ronments, where O2 supplies are intermittent, a self-inflating
device such as an AMBU® bag is recommended.

Rigid oral and soft nasal airways should be available in small,
medium, and large sizes for the adult patient. If managing pedi-
atric airways, a pediatric kit with appropriately sized equipment
must also be available (see Chapter 24).

Various sized, styletted ETTs, with pretested balloons,
should be prepared as follows. An adult-sized ETT (size 7.0
or 8.0) should have a malleable stylet passed through its inte-
rior to a position just short (5–10 mm) of the tip. The malleable
stylet allows the distal end of the ETT to be molded into a con-
figuration that will most easily pass through the patient’s vocal
cords. In addition, a styletted 6.0 ETT (or 5.0 ETT) should be
prepared as a backup for patients who have small glottic open-
ings and/or difficult airways (smaller ETTs pass more easily into
the trachea through swollen or edematous glottic openings).

The rigid direct laryngoscope, with several blades, is the
central piece of intubation equipment. The laryngoscope han-
dle should be clean, and all electrical connections must be free
of corrosion or debris. The batteries should be fully charged,
and one should verify that a bright beam of light is generated
when the blade is attached and extended into the working posi-
tion. At least two sizes of Miller (#2 and #3) and two sizes of
Macintosh blades (#3 and #4) should be provided in the kit,
as each has advantages in certain types of airway problems. All
of the items listed in Table 2.1 are essential and constitute the
minimum airway equipment that should be contained in the
portable storage unit.

Suction

Trauma patients, like other patients in respiratory failure, can
have thick, tenacious, or bloody secretions, or they may have
regurgitated. To minimize the risk of aspiration and to max-
imize visualization of the laryngeal anatomy, suctioning of
the airway is frequently required during a trauma intuba-
tion.

The suction apparatus should provide a continuous vac-
uum of sufficient force to rapidly clear oropharyngeal secretions
or vomitus. During initial airway management, a large tonsil-
type suction tip (e.g., Yankauer®) is best suited for suction of
debris out of the oropharynx. After tracheal intubation, long,
soft endotracheal suction catheters are most capable of clear-
ing tracheobronchial secretions and aspirated material from the
airways. Alternatively, a fiberoptic bronchoscope (FOB) can be
used, postintubation, to remove plugs and secretions from spe-
cific lung segments under direct vision. The FOB can also be
used to diagnose existing airway pathology and to confirm ETT
position. Small, portable, battery-powered FOB devices are now
available.
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Figure 2.2. SaO2 versus time of apnea for various types of patients. Time to hemoglobin desaturation with initial
FiO2 = 0.87. The SaO2 versus time curves were produced by the computer apnea model. The mean times to
recovery from 1 mg/kg IV succinylcholine are shown in the lower right-hand corner. (From Benumof JL. Critical
hemoglobin desaturation will occur before return to an unparalyzed state following 1 mg/kg IV succinylcholine.
Anesthesiology 1997;87:979–82; with permission.)

Functioning Intravenous Catheter

The ability to administer fluids, cardiovascular support drugs,
and other medications is obviously essential in urgent and emer-
gent conditions. Thus, after applying O2 by mask, assessing the
airway, and ensuring ventilation, an IV should be established
prior to attempting any airway manipulation to support the
circulation, whenever time allows. If confronted with a patient
in full arrest, the trachea should be intubated first and IV access
secured immediately after initiating cardiopulmonary resus-
citation (CPR), performing cardioversion, or implementing a
resuscitative thoracotomy.

Note that all Advanced Cardiac Life Support® (ACLS®) pro-
tocol drugs can be administered via the ETT except for high-
concentration ionic compounds such as calcium, bicarbonate,
and magnesium. The intraosseous route can be used as well. If
access cannot be obtained, a central venous catheter should be
placed (see Chapter 4).

Monitoring and ETT Confirmation Devices

Pulse oximetry, blood pressure (BP), and continuous electro-
cardiogram (ECG) constitute the appropriate minimal nonin-
vasive monitoring that should be applied prior to attempting
tracheal intubation. A complete set of vital signs is obtained
when time allows. Vital sign stability and adequate arterial oxy-
gen saturation are the goals prior to, during, and after intuba-

tion of the trachea. Immediately following a putative endotra-
cheal intubation, the partial pressure of CO2 at the end of the
exhaled breath (PETCO2) should be monitored. A number of
devices and techniques for measuring PETCO2 are available and
can be used to confirm ETT position and subsequently to assess
ongoing ventilation adequacy. In situations with low or no car-
diac output, an esophageal detector device is used to confirm
ETT position. Both of these items should be contained in the
portable storage unit (Table 2.1).

Vasopressors and Inotropes

Vasopressors must be available for immediate use because
hypotension is a frequent accompaniment of trauma and crit-
ical illness. In addition, the administration of anesthetic drugs
and the use of positive pressure ventilation can exacerbate
or initiate hypotension in hypovolemic patients. Furthermore,
premorbid conditions in previously ill or elderly patients will
further increase the likelihood of hypotension following intu-
bation.

Portable Storage Unit for Trauma
Resuscitation Equipment

Commercially available toolboxes or soft duffel bags can be used
for portable storage units. In addition to the aforementioned
items, the adjunct equipment needed for assistance in managing
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Figure 2.3. Degree of airway difficulty continuum for mask ventilation and direct vision laryngoscopy at intubation. This illustration provides a
conceptual frame work for the definition of airway difficulty with mask ventilation (Top) and direct vision laryngoscopy (Bottom). The degree of
difficulty ranges from 0 degrees of difficulty to the impossible or infinitely difficult airway. The amount of difficulty can vary in the same patient with
different anesthesiologist using various techniques. The grade of laryngoscopic view refers to grades defined by Cormack and Lehane (Figure 2.4)
(From Benumof JL. Management of the difficult airway. Anesthesiology 1991;75:1087–110; with permission.)

the “difficult trauma airway” should be available. Each portable
storage unit should be customized to meet the specific needs
and preferences of the practitioner as well as the health care
facility, and it should be stored in the trauma bay or brought
there by the airway expert [5].

D E F I N I T I O N O F T H E D I F F I C U LT A I RWAY

Airway difficulty can occur during bag-mask ventilation or
during endotracheal intubation. The two are not synonymous;
indeed, some patients who are difficult to ventilate (e.g., eden-
tulous, bearded, large jaw) may be quite easy to intubate. Oth-
ers who are difficult to ventilate (e.g., obstructive sleep apnea
patients, abnormal neck anatomy) may be both difficult to bag-
mask ventilate as well as intubate. The difficulty of maintaining
gas exchange by using bag-mask ventilation can range from a
zero degree of difficulty to infinite (Figure 2.3).

Difficulty of intubation using direct laryngoscopy also pro-
ceeds along a similar continuum from easy to nearly impossible
(Figure 2.3). Difficult intubation has been defined as requiring
multiple attempts with multiple maneuvers including external
laryngeal manipulation, multiple laryngoscope blades, and/or
multiple endoscopists [6]. Most recently, the ASA difficult air-
way guidelines defined difficult laryngoscopy as the impossibil-
ity of visualizing any portion of the vocal cords after multiple
attempts using a conventional laryngoscope [5].

Probably the best definition of difficult intubation for doc-
umentation from one clinician to another and for research pur-

poses involves the grading of the laryngoscopic views as defined
by Cormack and Lahane [7]. In the Cormak and Lahane classi-
fication (Figure 2.4), Grade I denotes visualization of the entire
laryngeal aperture; Grade IV is visualization of only soft palate;
and Grades II and III are intermediate views [3]. Grade III or
IV laryngoscopic views correlate well with difficult intubations
in the vast majority of patients [8, 9]. However, there are some
clinically relevant situations that provide exceptions to this rule.
First, the skill and experience of the endoscopist in manipulat-
ing the laryngoscope, the ETT, and the patient’s anatomy must
be taken into account. Second, a Grade III laryngoscopic view
has been described differently by different investigators [8, 10].
Third, the blade attached to the laryngoscope will affect the

Figure 2.4. Four grades of laryngoscopic view. The grading of laryngo-
scopic view is based upon the anatomic features that are visualized during
the performance of direct laryngoscopy. (From Cormack RS, Lehane J.
Difficult tracheal intubation in obstetrics. Anaesthesia 1984;39:1105; with
permission.)
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Table 2.2: Anatomic/Pathologic Predictors of Difficult Intubation/Ventilation

Anatomy Difficult Ventilation Difficult Intubation

Neck Bull neck
Obesity
History of OSA

Bull neck
Obesity
Decreased head extension or neck flexion

Tongue Large tongue Large tongue

Mandible Thick beard Receding mandible
Decreased jaw movement

Teeth Edentulousness Buck teeth

Pathology

Maxillofacial Facial fractures
Lacerations
Facial plethora

Facial fractures
Facial plethora

Oropharyngeal Edema
Hematoma
Inflammation
Foreign body
Tumor

Edema
Hematoma
Inflammation
Infection/ abscess

Glottis Edema
Vocal cord paralysis
Tumor

Edema
Vocal cord paralysis
Tumor

Neck Penetrating or blunt injury
Subcutaneous emphysema

C-spine injury
Neck mass/hematoma
Subcutaneous emphysema
Ankylosing spondylitis
Rheumatoid arthritis

OSA, obstructive sleep apnea.

laryngeal view and therefore the assigned grade. Fourth, the
blade selection can solve or exacerbate certain problems. For
example, a long floppy epiglottis may yield a high-grade view
(III, IV) with a Macintosh blade and a relatively low-grade view
(I, II) if a straight blade is used. Finally, traumatic conditions
such as cervical spine (C-spine) injury (i.e., inability to move the
neck into a “sniffing position”), laryngeal fractures, or expand-
ing hematomas may disassociate the laryngoscopic view from
the difficulty of tracheal intubation. Despite these considera-
tions, the laryngoscopic grading of Cormack and Lehane is used
by most authors to define intubation difficulty and should be
documented for each patient intubated [7].

Historical Indicators of Airway Difficulty

The intent of obtaining an airway history is to elicit previously
known factors indicating that airway management has been
difficult in the past. Any patient who is awake and capable of
coherent conversation should be asked about prior intubation
and ventilation successes or failures. Some patients possess a
Medic Alert bracelet indicating a history of difficult intuba-
tion or ventilation and this can be useful in obtunded patients.
Regardless of the patient’s mental state, if time permits, the
physician should review the patient’s chart for details of previ-
ous intubations and other concurrent problems that may com-

plicate intubation. If an obese patient relays that s/he requires
nasal continuous positive airway pressure at night to sleep, this
may indicate that mask ventilation and/or intubation will be
more difficult than in a thin patient without such history.

Pathologic/Anatomic Predictors of Airway Difficulty

In the trauma setting, numerous lesions (hematoma, foreign
body, and facial fractures/edema) can pose difficulty for spon-
taneous ventilation as well as bag-mask ventilation and intu-
bation (Table 2.2). Suspected C-spine injuries pose intubation
difficulty due to inability to extend the head on the neck or
flex the neck on the chest. Other trauma conditions that make
intubation difficult include burns and other inflammatory con-
ditions where massive edema can impair the laryngoscopic view.
Similarly, stab wounds or blunt trauma to the soft tissue in the
neck can cause expanding hematomas or airway disruption to
occur.

Anatomic predictors (Table 2.2) of difficult mask ventila-
tion and subsequent intubation may be evident before formal
examination. Morbid obesity poses difficulty with mask venti-
lation due to inadequate mask fit and difficulty with holding the
mask to the massive face with only one hand. In addition, venti-
latory efforts are less effective due to the decreased compliance
of the chest wall. Obese patients are also problematic due to
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Table 2.3: Eleven-Step Airway Examination of Benumof ∗

Step Airway Examination Component Nonreassuring Findings Can Evaluate in Trauma Patient

1 Length of upper incisors Relatively long YES
√

2 Maxillary–mandibular incisor relationship Prominent “overbite” YES

3 Ability to prognath jaw Unable YES

4 Interincisor distance <3 cm YES

5 Visibility of uvula Mallampati class III/IV YES

6 Shape of palate Highly arched or narrow YES

7 Mandibular space
Compliance

Stiff, indurated, noncompliant YES
√

8 Thyromental distance <3 “normal finger” breadths YES
√

9 Length of neck Short YES
√

10 Thickness of neck Thick YES
√

11 Range of motion of head and neck (ROM) Incomplete ROM.
Assume incomplete ROM in C-spine

injured patients

NO, unless C-spine cleared. Cannot
examine ROM if possible C-spine
injury.

∗Steps 1–10 can be evaluated in stable, cooperative trauma patients (even with known or suspected C-spine injury).√, can be done, even in patients who are unstable and uncooperative (Steps 1, 7–10), and should be examined whenever time allows.

the decreased FRC and propensity for rapid desaturation. Fur-
thermore, soft tissues in the obese patient can intrude on the
airway above and occasionally below the glottis, further imped-
ing ventilation. Another common mask ventilation problem is
the case of sunken cheeks and absent dentition, where the mask
fit and subsequent ventilation can be very difficult; conversely,
intubation of edentulous patients is often less difficult.

Whenever the patient is recognized to have a difficult air-
way, the clinician should consider securing the airway while
the patient is awake. In trauma patients who are uncooperative
or hemodynamically unstable, an awake technique may not be
practical [11].

A I RWAY E X A M I N AT I O N P R I N C I P L E S

The Eleven-Step Airway Exam of Benumof

Although trauma and other emergency conditions do not
always allow the requisite time, an airway physical examina-
tion should be conducted prior to the initiation of anesthetic
care and airway management in all patients whenever feasible.
The intent of the airway examination is to detect anatomic or
pathologic physical characteristics indicating that airway man-
agement will be difficult. Currently, the ASA difficult airway
guidelines have endorsed an easily performed eleven-step air-
way physical examination, as originally proposed by Benumof
(Table 2.3) [12]. The decision to examine all or some of the
components listed in Table 2.3 depends on the clinical context
and judgment of the practitioner. The order of presentation in
the table follows the “line of sight” that occurs during conven-
tional oral laryngoscopy and intubation. Of note, several of the
examination components listed in Table 2.3 require an awake,

cooperative patient (which is not always the case with trauma).
For example, the Mallampati classification (Figure 2.5), relat-
ing the size of the tongue to the pharyngeal space, requires the
patient to open the mouth maximally and protrude the tongue
as far as possible [13]. In addition, the Mallampati classifica-
tion is classically described in a patient sitting upright; whereas,
trauma patients generally present to the trauma bay lying supine
on a spine board. Furthermore, blunt-trauma patients should
not be asked to move their neck until the C-spine is cleared,
and they should not be asked to sit up until the entire spine
is cleared. Because certain elements of this eleven-step exam
cannot be practically evaluated in the trauma patient, an abbre-
viated trauma airway examination is recommended.

Figure 2.5. Mallampati classification. Classification of the upper airway
relating the size of the tongue to the pharyngeal space based on the
anatomic features seen with the mouth open and the tongue extended.
(Modified from Mallampati et al. A clinical sign to predict difficult tra-
cheal intubation: A prospective study. Can J Anaesth 1985;32:429; with
permission.)
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Abbreviated Trauma Airway Examination

In the noncooperative and unstable patient, most elements of
even an abbreviated exam are impractical. In addition, laryn-
goscopy would likely be performed regardless of examination
results; either an RSI or a modification would be used. If intu-
bation difficulty is encountered, the emergency airway adjuncts
recommended in the ASA algorithm should be used. However,
in awake, cooperative trauma patients requiring semi-urgent or
emergent intubation, steps 1–10 can and should be evaluated
(Table 2.3). Step 11, examination of the head extension and neck
flexion, should not initially be evaluated when C-spine injury
is known or suspected. Even with noncooperative patients, and
in urgent situations, the airway expert can check the length of
the upper incisors, the mandibular space compliance, thyro-
mental distance, neck length, and neck thickness to assess the
relative difficulty of intubation, because the aforementioned
components do not require patient cooperation.

C O N V E N T I O N A L T R AU M A
A I RWAY M A N AG E M E N T

Patient Preparation and Positioning

Regardless of whether an awake topicalized technique or an RSI
technique is chosen, optimum patient positioning and prepara-
tion will improve intubation success. If an awake FOB-assisted
intubation is planned in a patient capable of flexing the lower
back, the head of the patient’s bed should be elevated at least
45 degrees to optimize intubating conditions with the FOB.
In the setting of C-spine injury, cervical immobilization must
also be maintained. However, in conditions where spine injury
is likely, the patient must remain supine with the entire spine
maintained in anatomic alignment with in-line immobiliza-
tion. The patient should also be psychologically prepared, and
the clinician must be patient in ensuring that the nasopharynx,
oropharynx, and larynx are properly anesthetized with topical
local anesthesia prior to commencing airway instrumentation.

For patients without concern for C-spine injury, who will
undergo RSI, the sniffing position (Figure 2.6) is the optimum
orientation for laryngoscopy-assisted orotracheal intubation.
The sniffing position involves forward flexion of the neck on
the chest and atlanto-occipital extension of the head at the
neck. This position attempts to create a line-of-sight between
the operator’s eye and the patient’s larynx. The easiest way to
accomplish this is to place at least two folded towels under the
head of the supine patient. It is recognized, however, that in
nonanesthetized volunteers with normal anatomy, neither the
sniffing position nor simple head extension provides complete
alignment of the laryngeal, pharyngeal, and oral axes [13a].

The sniffing position is contraindicated whenever C-spine
injury is suspected. In these patients, the head and neck are
maintained in the neutral position, and immobilized through-
out airway manipulation. (Figure 2.7)

Mask Ventilation

Face masks come in a variety of configurations, but most airway
experts prefer anatomically shaped masks because these best fit
the patient’s face as well as the clinician’s hand. Adult masks
come in small, medium, and large (sizes 3, 4, and 5). Most

adults can be ventilated with a size 4 mask but occasionally a
patient will have a small or large jaw requiring a size 3 or 5
mask, respectively. Children’s masks come in newborn, infant,
and children’s sizes and should be provided in the pediatric
code bag.

The face mask must be applied firmly to the patient’s face,
ensuring an adequate seal. Simultaneously, care is taken to not
injure the bridge of the nose with excessive pressure. A single-
hand technique is acceptable if the airway is easy to ventilate
(Figure 2.8). However, if ventilation is difficult using only one
hand, two hands should be used to hold the mask in place
while a second person squeezes the bag in a combined effort to
ventilate the lungs (Figure 2.9). Frequently, the application of a
chin lift or “jaw thrust” (backward and upward pull of the jaw in
a supine patient) will open an airway and facilitate ventilation.
The jaw-thrust maneuver, rather than the chin lift, should be
used in patients with suspected C-spine injury.

Oropharyngeal and Nasopharyngeal Airways

When the tongue and other soft tissues are maintained in the
normal forward position as occurs in the awake patient, the
posterior pharyngeal wall remains unobstructed and the airway
is generally open (Figure 2.10A). This is particularly the case
when the patient is sitting upright. The most common cause
of airway obstruction occurs when the tongue and epiglot-
tis fall back in supine, unconscious patients (Figure 2.10B).
This can be alleviated by the jaw-thrust maneuver. An oral or
nasal airway (if not contraindicated) can be employed as an
adjunct to bag-mask ventilation to open up a closed airway.
Nasopharyngeal airways are relatively contraindicated in cases
of coagulopathy or suspected cribriform plate injury (basilar
skull fracture and massive facial injury) due to the increased risk
of bleeding and the chance of ETT passage into the cranial vault,
respectively.

Both oral and nasal airways restore airway patency by sep-
arating the tongue from the posterior pharyngeal wall (Figure
2.10C,D). A rigid oral airway can elicit a gag response in an
awake or semiconscious patient, resulting in increased intracra-
nial pressure or vomiting. The soft nasal airways often provoke
less gag response than rigid oral airways and are frequently
inserted in patients who are awake and prone to gagging.

LMA

The most recent revision of the ASA algorithm now places the
LMA within the anesthetized limb of the pathway to be used
whenever bag-mask ventilation is difficult. Ventilatory obstruc-
tion above the level of the vocal cords can often be alleviated by
the LMA because of its supraglottic placement (Figure 2.11).
However, the LMA is not an effective ventilatory device in cases
of periglottic or subglottic pathology (e.g., laryngospasm, sub-
glottic obstruction) [14].

The LMA is inserted blindly into the oropharynx forming a
low-pressure seal around the laryngeal inlet, thereby permitting
gentle positive pressure ventilation with a leak pressure in the
range of 15–20 cm H2O. Although the LMA is relatively con-
traindicated in the presence of a known supraglottic hematoma
that might rupture, it can be very useful in other supraglottic
obstructive trauma conditions, such as those due to swelling,
edema, or redundant tissues. Placement of an LMA requires an
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Figure 2.6. Head position and the axis of the upper airway. This diagram demonstrates the various head and neck positions in the supine patient and
the corresponding oral axis (OA), pharyngeal axis (PA), and laryngeal axis (LA) in four different head positions. Each head position is accompanied by
an inset that magnifies the upper airway and superimposes the continuity of these three axes within the upper airway. The upper left panel (A) shows
the head in the neutral position with marked nonalignment of the various axes. In the upper right panel (B) the head is resting on a pillow that causes
forward flexion of the neck on the chest and serves to align the pharyngeal axis and the laryngeal axis. However, the oral axis remains nonaligned. The
lower right panel (D) shows extension of the head on the neck without concomitant elevation of the head on the pad, resulting in nonalignment of
the oral pharyngeal with the laryngeal and pharyngeal axes. The lower left panel (C) shows the head resting on a pad that flexes the neck forward on
the chest, along with extension of the head on the neck, which brings all three axes into alignment (sniff position). This position allows the best direct
view from the oral pharynx to the larynx when the tongue and soft tissues are elevated out of the way with a rigid direct laryngoscope. (From Benumof
JL. Conventional (laryngoscopic) orotracheal and nasotracheal intubation (single lumen type). In Benumof JL ed. Clinical Procedures in Anesthesia
and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 123; with permission.)

anesthetized airway or an anesthetized patient [15]. The LMA
has been shown to rapidly restore efficient ventilation in cannot
intubate–cannot ventilate situations [15–17].

More recently, the LMA has been utilized as an airway intu-
bation “conduit” for various difficult intubation scenarios, in
particular, for FOB-assisted intubation [14]. Although the LMA
usually sits around the larynx, it occupies a perfect central posi-
tion only 45–60 percent of the time. Caution should be used
when attempting to blindly pass an ETT through a function-
ing LMA due to the high blind-passage failure rate [18–20],
and the risk of doing harm to a tenuous airway. Blind passage
is particularly dangerous in the setting of stridor, known or

anticipated partial airway disruption, or obstruction and other
conditions where blind passage risks converting a partial airway
disruption into a complete one (e.g., partial airway tear). This
admonition against blind manipulation in the setting of airway
trauma also applies to the Fastrach™ LMA, despite the fact that
this device is marketed for, and has been successfully used in
other emergency conditions where the risk of airway injury is
low [21]. Fiberoptic intubation through a functioning LMA is
superior to blind manipulation, because it can be performed
under direct vision with almost 100 percent success through
several types of commercially available LMAs, including the
Classic™, Fastrach™, and ILA™ [14].
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Figure 2.7. In-line cervical immobilization. The emergency intubation of the trauma patient with suspected
cervical spine fracture entails keeping the patient supine on a rigid spine board, applying cricoid pressure, and
maintaining cervical in-line immobilization. In-line immobilization requires the assistant to stabilize the neck by
holding a hand over each side of the head (at the level of the ears), maintaining a normal anatomic alignment of
the head, neck, and torso, while keeping the shoulders and occiput firmly placed on the board. (Anesthesia for
trauma. In Miller RD, ed. Anesthesia, Philadelphia, PA: Churchill Livingstone, 1994, p 2164; with permission.)

Rigid Direct Laryngoscopy

Prior to performing laryngoscopy, the blade and handle should
be tested to ensure proper function. The laryngoscope is held
in the left hand, and the right hand is used to place the styletted
ETT through the vocal cords and into the trachea. The mouth is
opened by simultaneously extending the head on the neck with
the right hand (except in suspected C-spine injury where in-line
immobilization is maintained) and using the small finger of the
left hand while holding the laryngoscope to push the anterior
part of the mandible in a caudal direction and opening the
mouth (Figure 2.12). As the blade enters the oral cavity gentle
pressure is applied on the tongue, sweeping it leftward and
anterior (Figure 2.13), thereby exposing the glottic aperture.

Two basic blade types are commonly used for laryngoscopy:
a curved blade (Macintosh) and straight blade (Miller and Wis-
consin). The curved Macintosh blade (Figure 2.14) tip is placed
in the vallecula after sliding the tongue leftward and anterior,
while the laryngoscope handle is lifted in a forward and upward
direction, stretching the hyoepiglottic ligament. This causes the
epiglottis to move upward out of view, unveiling a view of the
arytenoid cartilages and eventually the vocal cords. In contrast,
the straight Miller blade (Figure 2.15) is inserted under the
epiglottis and then the epiglottis is elevated to expose the glot-
tic aperture.

Six common errors can occur during laryngoscopy using
a standard Macintosh or Miller/Wisconsin type blade. First,
the blade can be inserted too far into the pharynx elevating
the entire larynx, which exposes the esophagus instead of the

glottis. Second, for optimal laryngoscopy, the tongue must be
completely swept to the left side of the mouth with the flange
on the blade. This is slightly more difficult to accomplish with
the Miller blade because the flange is less prominent. Third,
novice laryngoscopists frequently rock the laryngoscope in the
patient’s mouth by using the upper incisor as a fulcrum in a
self-defeating attempt to visualize the glottis. This can chip the
patient’s upper incisors and moves the glottic aperture further
anterior out of view. The correct approach is to lift the han-
dle anterior and forward at an approximately 45-degree angle
(Figure 2.14). Fourth, proper sniffing position is not always
achieved or indicated. Fifth, in obese, barrel-chested patients
and large breasted women, it can be difficult to insert the blade
in the mouth. Use of a short-handled laryngoscope or removal
of the blade from the scope handle and reattaching it once the
blade is positioned in the mouth helps with this predicament.
Finally, improper blade selection may hinder laryngoscopy and
intubation. If the patient has a long floppy epiglottis, a Miller
blade may be best; a large wide tongue may be best managed
using a Macintosh blade.

In-line Cervical Immobilization
Due to the risk of C-spine injury in severe trauma, all blunt-

trauma patients should be suspected of having an unstable C-
spine injury until proven otherwise. Rigid cervical collars, sand
bags, rigid backboards, and other devices used to immobilize the
C-spine can complicate airway management, especially when
there is an abrupt and unexpected need for a definitive airway.
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Figure 2.8. One-hand mask ventilation technique. This figure shows the
one-handed technique for holding a mask properly on a patient’s face. The
top figure (A) demonstrates the standard one-handed grip of the mask on
the face. The thumb encircles the upper part of the patient’s mask while
the second and third finger are applied to the lower portion of the mask
with the fourth and fifth fingers pulling the soft tissue under the mandible
up toward the mask. The lower panel (B) demonstrates the one-handed
mask grip while maintaining jaw thrust. The hand positions are altered
such that only the thumb and the second finger encircle the mask, while
the third, fourth, and fifth fingers maintain upward and backward pull of
the mandible jaw thrust. Typically, an oral airway would have been placed
in the patient’s oropharynx prior to manipulating the mandible with the
jaw-thrust maneuver. (Modified from McGee JP, Vender JS. Nonintuba-
tion management of the airway. In Benumof JL, ed. Clinical Procedures
in Anesthesia and Intensive Care. Philadelphia, PA: J. B. Lippincott Co.,
1992, p 107; with permission.)

In-line immobilization of the C-spine is easy and effective
if applied appropriately (Figure 2.7). Prior to induction and
laryngoscopy, the anterior portion of the rigid cervical collar
is removed to facilitate intubation. The patient’s neck should
be prevented from flexing, extending, or rotating during intu-
bation; this is accomplished by in-line immobilization. Rarely,
immobilization of the neck may be overridden by the require-
ment of providing an adequate airway in hypoxemic patients,
especially when unable to obtain a surgical airway. However,
even under these extreme circumstances, the cervical move-
ment should be limited to the minimum required to achieve
airway patency.

RSI Principles
Trauma patients and others who require emergency intuba-

tion are at increased risk of regurgitation and aspiration because
they have not fasted prior to induction. RSI techniques were

Figure 2.9. Two-hand mask ventilation technique. With the two-handed
technique the thumbs are hooked over the collar of the mask while the
lower fingers maintain jaw thrust and the upper fingers are pulling the
mandible into the mask while extending the head (arrows indicate direc-
tion of force). (Modified from McGee JP, Vender JS. Nonintubation man-
agement of the airway. In Benumof JL, ed. Clinical Procedures in Anes-
thesia and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992,
p 109; with permission.)

developed to minimize the likelihood of regurgitation and aspi-
ration. Classically, RSI includes preoxygenation with 100 per-
cent O2 for five minutes, followed by the application of cricoid
pressure, and the IV administration of an induction drug and
a rapid-acting neuromuscular blockade drug such as succinyl-
choline, 1–2 mg/kg, or rocuronium, 1.2 mg/kg, without testing
ventilation beforehand (Table 2.4). As soon as airway reflexes are
lost, the laryngoscope is used to visualize the glottis and facilitate
placement of a styletted ETT. Cricoid pressure is maintained
until PETCO2 is detected from the putative ETT, equal bilateral
breath sounds are auscultated, and the operator instructs the
assistant that it may be released.

Cricoid pressure (Sellick maneuver) denotes downward
(posterior) pressure on the neck overlying the cricoid carti-
lage, which compresses the esophagus, decreasing the likeli-
hood of gastric contents leaking into the pharynx. Occasionally
cricoid pressure can impair the laryngoscopic view. “Laryngeal
manipulation” is distinct from cricoid pressure and is accom-
plished by moving the thyroid cartilage posterior, thereby bring-
ing the laryngeal aperture into view. Use of a rigid stylet also
increases the likelihood of intubation success in difficult-to-
intubate patients [22, 23]. During intubation attempts, the
patient should be carefully monitored by pulse oximetry, heart
rate, blood pressure, and ECG. Intubation attempts should be
interrupted by reoxygenation using bag valve mask (BVM) ven-
tilation whenever the procedure takes more than thirty seconds
or when oxygen desaturation (less than 90%) occurs. If intuba-
tion attempts fail and adequate oxygenation cannot be achieved
with bag-mask ventilation, an LMA should be considered [14].

Modified RSI Technique
The RSI technique can be modified by instituting bag-mask

ventilation prior to placement of the ETT. The application of
BVM ventilation during RSI is indicated in instances where
apnea is likely to result in rapid desaturation despite prop-
erly performed preoxygenation, or if there are pre-existing
conditions that impair alveolar ventilation and oxygenation
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Figure 2.10. Normal airway, soft tissue obstruction, and use of laryngeal and nasopharyngeal airways. This series
of four panels describes in sequence the normal (unobstructed) airway (A), the obstructed airway (B), and use
of the oral (C) and nasal (D) airways. The normal airway (A) maintains the tongue and other soft tissues in the
forward position allowing the unobstructed passage of air. The next panel (B) demonstrates the typical obstructed
airway of an unconscious supine patient. The tongue and epiglottis fall back to the posterior pharyngeal wall and
occlude the airway. In panel C the use of the oral pharyngeal airway is demonstrated. The oral pharyngeal airway
follows the curvature of the tongue and pulls it and the epiglottis away from the posterior pharyngeal wall providing
a channel for air passage. In the last panel (D) the use of the nasal pharyngeal airway is demonstrated. This airway
passes through the nose and ends at a point just above the epiglottis clearing the air passage. (Modified from Stone
DJ, Gal TJ. Airway management. In Miller RD, ed. Anesthesia, 4th edition. New York: Churchill Livingstone, 1994;
with permission.)

(e.g., head injury, respiratory failure). Trauma and critically ill
patients often suffer from conditions causing increased right-
to-left transpulmonary shunting (e.g., pulmonary contusion,
pneumonia, etc) and thus require additional O2 and ventila-
tion after induction and prior to full effect of neuromuscular
relaxants. This modification to the RSI technique involves gen-
tle bag-mask ventilation with 100 percent O2 while maintaining
cricoid pressure to prevent gastric insufflation and decrease the
risk of regurgitation and/or aspiration.

Drug-Assisted Intubation with Spontaneous Ventilation
This technique is employed in situations where apnea is

likely to result in the inability to ventilate, such as in patients
with partial airway obstruction manifested by audible stridor,
and when positive pressure ventilation might extend a partial
airway tear into a complete disruption (e.g., tracheal or main
stem bronchus tears). The maintenance of spontaneous ven-
tilation is also appropriate in a patient who cannot tolerate
the hemodynamic consequence of positive pressure ventilation
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Figure 2.11. LMA. The normal anatomic position of the laryngeal mask
airway (LMA). The proximal portion of the LMA rests on the epiglot-
tis, while the distal end extends into the pharynx at the upper end of
the esophagus. The airway opening on the LMA overlies the laryngeal
inlet. This figure demonstrates a prototypical LMA and is not meant to
represent any particular commercially available device. (Modified from
Brain AJJ. The laryngeal mask: a new concept in airway management. Br
J Anaesth 1983;55:801; with permission.)

such as decompensated cardiac tamponade. An uncoopera-
tive patient with an obvious difficult airway represents another
patient condition where the maintenance of spontaneous venti-
lation is often indicated. In this setting, a small dose of sedation
should be administered to gain control of the situation and
spontaneous ventilation is preserved while employing cricoid
pressure.

In situations where spontaneous ventilation is maintained
and the patient is sedated as needed, the trachea can be intu-
bated by using a FOB through an intubating mask [24]. The
proper amount of drugs required to sedate the patient enough
to manipulate the airway, without causing apnea, varies based
on the size of the patient, the amount of blood loss, and the
levels of other drugs already administered.

T H E D I F F I C U LT T R AU M A A I RWAY

Awake Techniques

An “awake” intubation technique is recommended for trauma
patients with known or anticipated difficult airways, provided
they are cooperative, stable, spontaneously ventilating, and
time allows. To optimize the conditions for successful intuba-
tion, cooperation is enhanced with proper mental and physical
preparation. An awake FOB-guided technique is generally safe
and appropriate for stable trauma scenarios. Even when a surgi-
cal airway is planned, performing an awake FOB-assisted intu-
bation under direct vision is recommended whenever possible
to achieve airway protection prior to performing the formal
tracheostomy.

Techniques/Devices for Unstable, Uncooperative, or
Apneic Difficult Airway Patients

There are three scenarios in which the need arises to intubate
the trachea of an unstable, uncooperative, or apneic patient
with a preexisting difficult airway. These situations include: (1)
when the airway is not recognized to be difficult, (2) the diffi-
cult airway patient is already unconscious prior to presentation
to the trauma bay, and (3) the difficult airway patient is hemo-
dynamically unstable or unable to cooperate with an awake
technique. In all of these conditions, the guidelines covering
the anesthetized limb of the ASA difficult airway algorithm are
followed. Whenever intubation cannot be achieved, bag-mask
ventilation should be immediately instituted with enriched O2

while applying cricoid pressure. In the cannot intubate–cannot
ventilate patient, the emergency limb of the ASA algorithm is
followed. Various airway modalities can be employed to main-
tain oxygenation and ventilation prior to definitive ETT place-
ment, with the LMA being the first. If ventilation is not success-
ful with the LMA, other secondary emergency airway tools are
tried, including the Combitube, TTJV, and the rigid ventilating
bronchoscope. Various surgical airway techniques (cricothy-
roidotomy, tracheostomy) can also be considered.

Esophageal Tracheal Combitube
The Combitube is a supraglottic device developed specifi-

cally for emergency airway management [25]. The Combitube
comprises two longitudinally fused tubes made of polyvinyl
chloride (PVC), each fastened to a standard 15-mm airway con-
nector at the proximal end (Figure 2.16). The slightly longer of
the two tubes is blue and is the primary (#1) conduit for venti-
lation in most situations. This longer tube has a blocked distal
end with side hole openings at the pharyngeal level. There are
two inflatable balloons on the Combitube: a proximal 100-cc
latex pharyngeal balloon and a 15-cc PVC esophageal balloon
near the distal portion.

Greater than 96 percent of the time when the Combitube
is inserted blindly esophageal placement results (Figure 2.17)
[26]. The tube is inserted until the upper incisors lie between
the two proximal black rings etched onto the external surface of
the tube. At that point, the proximal cuff is inflated with 100 cc
of air via the blue pilot balloon. Next, the distal esophageal cuff
is inflated with 15 cc of air via a white pilot balloon. Ventilation
is then initiated via the #1 tube (blue) and PETCO2 should be
detected. Detection of PETCO2 confirms that the Combitube is
properly placed in the esophagus, and the ventilation has trav-
eled through the side hole openings between the 100-cc pha-
ryngeal balloon and the 15-cc esophageal balloon then passing
through the laryngeal aperture and into the trachea. In rare
cases (less than 4%) where the Combitube enters the trachea
(Figure 2.18), applying positive pressure to tube #1 will not ven-
tilate the lungs and CO2 will not be detected from the exhalate
of tube #1 [25]. At this point, tube #2 should be ventilated and
assessed for PETCO2.

Laryngeal Mask Airway
The LMA is not only an emergency aid used to establish

ventilation in the cannot intubate–cannot ventilate situation;
it can also serve as a conduit for intubation once ventilation
has been established. The ASA algorithm and guidelines do not
endorse any particular brand or subtype of LMA. However,
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Lateral view

Frontal view

Figure 2.12. Opening the mouth for laryngoscopy: use of the little finger. The mouth can be opened wide by
concomitantly extending the head on the neck with the right hand, while the small finger and the medial border
of the left hand push the anterior aspect of the mandible in a caudad direction. The laryngoscope is held in the
left hand while opening the mouth with this technique. As the blade approaches the mouth, it should be directed
to the right side of the tongue. Gloves should be worn during laryngoscopy and the hands should be kept out of
the oral cavity to limit contact with the patient’s secretions. (From Benumof JL. Conventional (laryngoscopic)
orotracheal and nasotracheal intubation (single lumen type). In Benumof JL, ed. Clinical Procedures in Anesthesia
and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 124; with permission.)

A

Insert the laryngoscope blade into the
right side of the mouth

Figure 2.13. Inserting the laryngoscope blade into the right side of the mouth. This figure demonstrates the
proper head and neck positioning for insertion of a curved (Macintosh) laryngoscope blade. The inset shows
the blade entering the right side of the oral cavity so that the tongue will be moved toward the left side of the
mouth with the large flange on the Macintosh blade, thereby creating a view of the larynx. (From Benumof JL.
Conventional (laryngoscopic) orotracheal and nasotracheal intubation (single lumen type). In Benumof JL, ed.
Clinical Procedures in Anesthesia and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 125; with
permission.)
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Engage the vallecula and continue to lift the blade
forward at a 45º angle

D

1

2

3

4

Figure 2.14. Correct position of the Macintosh laryngoscope blade in the vallecula. This figure demonstrates the
correct position of the curved (Macintosh) laryngoscope blade in the vallecula and the angle of pressure that
should be applied (45 degrees from the patient’s axial line). The inset demonstrates the laryngeal view obtained
when the Macintosh blade is used. 1, epiglottis; 2, vocal cords; 3, cuneiform part of arytenoid cartilage; and
4, corniculate part of arytenoid cartilage. (From Benumof JL. Conventional (laryngoscopic) orotracheal and
nasotracheal intubation (single lumen type). In Benumof JL, ed. Clinical Procedures in Anesthesia and Intensive
Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 127; with permission.)

Conventional Laryngoscopy with a Straight Blade

Place blade posterior to
(beneath) the epiglottis

Figure 2.15. Laryngoscopic technique with a straight (Miller) blade. A
straight (Miller) laryngoscope blade should pass underneath the laryngeal
surface of the epiglottis; then the handle of the laryngoscope blade should
be elevated at 45-degree angle similar to that used with a Macintosh blade.
By lifting up the epiglottis the laryngeal aperture should come clearly
into view (From Benumof JL. Conventional (laryngoscopic) orotracheal
and nasotracheal intubation (single lumen type). In Benumof JL, ed.
Clinical Procedures in Anesthesia and Intensive Care. Philadelphia, PA:
J. B. Lippincott Co., 1992, p 128; with permission.)

whenever gastric volumes are expected to be large (e.g., fol-
lowing a large meal, known bowel obstruction), the ProSeal™
may be superior; and, whenever the LMA will likely be used
as a conduit for FOB-assisted intubation, the Cookgas® ILA™
(Figure 2.19) is often best, because the ventilation tube is wider
and shorter than the other conventional LMAs, and the ILA™
does not include an epiglottis elevating bar, which is present
with the Fastrach™.

Only in rare trauma situations, where there is absolutely
no concern of airway swelling, direct airway injury, stridor, or
abscess should the Fastrach™ be used with blind ETT insertion.
In all of the aforementioned conditions, blind manipulation
can convert partial airway obstruction into complete disrup-
tion and is therefore contraindicated. The Fastrach™ LMA is
inserted blindly into the pharynx, forming a low seal around
the laryngeal inlet just as in the Classic™ LMA (Figure 2.11).

The special design features of the Fastrach™ (Figure 2.20)
include a rigid, anatomically curved conduit that is wide enough
to accept an 8.0 ETT with an epiglottic elevating bar to facilitate
the blind passage of the special ETT. Once ventilation is con-
firmed with the Fastrach™ LMA, the ETT can be blindly passed
via the LMA conduit into the trachea. The blind intratracheal
placement must be confirmed with PETCO2. The LMA can be
kept in place until airway stability is achieved. Once successful
ETT placement through the LMA is verified, the LMA can be
deflated and removed using a push device to help keep the ETT
in place. If intubation is not successful, ventilation can occur
via the LMA between attempts.

Passage of a FOB through an LMA has a much higher
chance of success (nearly 100% successful in most series) [14],
compared with blind intubation via the Fastrach™. A 6.0-mm
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Table 2.4: Rapid Sequence Intubation Principles: Classic versus Modified Techniques

Cricoid Induction Drug Manual Ventilation Deferred until ETT Confirm ETT
Elements Pre-O2 Pressure Followed by Paralytic Confirmed with PETCO2

Classic + + + + +
Modified: + + + (–) +

Ventilate as needed to avoid hypoxemia

+, Element is utilized during the technique of classic or modified Rapid Sequence Technique; (–), not utilized; ETT, endotracheal tube.

internal diameter (ID) cuffed ETT (a nasal RAE tube is most
suitable due to its additional length) may be passed over the
fiberoptic bronchoscope and through the shaft of the #3 and
#4 sized Classic™ LMA, whereas a 7.0-mm ID cuffed ETT will
only fit through the shaft of the #5 sized Classic™ LMA. Sub-
sequently, if a larger ETT is required, the 6.0- or 7.0-mm ID
cuffed ETT can be exchanged for a larger ETT using an airway
exchange catheter [15]. The various sized ETTs that fit through
various sized “classic” LMAs and the FOBs that fit through these
ETTs are displayed in Table 2.5. Alternatively, and preferably
when the glottis is expected to be of normal size, the authors

Figure 2.16. Frontal view of the esophageal-tracheal Combitube. This
figure demonstrates the two longitudinally fused tubes making up the
Combitube; both cuffs are inflated with their corresponding syringes.
Lumen #1 is the longer tube located on the left and lumen #2 is on the
right. (Modified from Wissler RN. The esophageal-tracheal Combitube.
Anesthesiol Rev 1993;20:147–51; with permission.)

recommend using the blue intubating LMA (ILA, by Cookgas®,
Mercury Medical, Clearwater, FL). The large sized 4.5 will allow
passage of an 8.0 or 8.5 ETT (Figure 2.19).

Figure 2.21 shows the use of the bronchoscopy elbow
adapter, 6.0-mm ID ETT, and LMA for the continuous ventila-
tion FOB intubation technique for both a nasal RAE and stan-
dard 6.0-mm ID ETTs. With a 4.0-mm outer diameter (OD)
FOB/6.0-mm ID ETT combination, the space available for ven-
tilation around the FOB corresponds to a 4.5-mm ID ETT.

The LMA, employed as a ventilatory device and/or intubat-
ing conduit, is appropriately used in the ASA algorithm in three
different places: (1) on the “awake intubation” limb of the algo-
rithm as a conduit for FOB-guided tracheal intubation, (2) on
the “anesthetized” limb as both a lifesaving ventilatory device,
and (3) as a conduit for FOB-assisted tracheal intubation.

In general, the largest FOB that will fit through the ETT is
best to maximize the ability to pass the ETT through a normally
sized adult glottis. The possibility of the ETT hanging up at the
glottis is more common with use of the pediatric-sized FOB.
However, if the patient has a small glottis, then a smaller FOB
and ETT is better. If a 4.0 or less mm OD FOB is used with either
the 6.0- or 7.0-mm ID ETT, the lungs can be continuously

NO. 2

NO. 1

Figure 2.17. Esophageal-tracheal Combitube in the usual (esophageal)
position. This figure demonstrates the ventilatory pattern usually
encountered when the Combitube is blindly placed in the esophagus
(Modified from Wissler RN. The esophageal-tracheal Combitube, Anes-
thesiol Rev 1993;20:147–51; with permission.)
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NO. 2

NO. 1

Figure 2.18. Esophageal-tracheal Combitube in the tracheal position.
This figure demonstrates the ventilatory pattern achieved when the Com-
bitube is placed in the trachea. Tracheal positioning of the Combitube
is rare, because greater than 97 percent of the time the Combitube will
enter the esophagus when placed blindly. (Modified from Wissler RN.
The esophageal-tracheal Combitube, Anesthesiol Rev 1993;20:147–51;
with permission.)

ventilated around the FOB while contained within the ETT
by passing the FOB through the self-sealing diaphragm of a
bronchoscopy elbow adaptor.

Rigid Bronchoscope
A rigid bronchoscope is a straight, metal, lighted tube capa-

ble of visualizing the large airways with ventilatory capacity
through the associated ventilating side port (Figure 2.22). Rigid
bronchoscopy is recommended as an emergency airway tool in
the cannot intubate–cannot ventilate situation, especially when
the LMA has failed or is contraindicated. The rigid broncho-
scope is particularly effective in cases of large airway masses and
bleeding.

Surgical Airway Options
T R A N S T R AC H E A L J E T V E N T I L AT I O N

TTJV is another method of gaining emergency ventilation
in a cannot intubate–cannot ventilate patient. It is a temporizing
lifesaving technique that should be considered when the reason
for failure to ventilate is supralaryngeal or perilaryngeal (e.g.,
laryngeal fracture) and the LMA and Combitube have failed.

The TTJV technique involves palpating the cricothyroid
membrane and advancing a 14-gauge angiocatheter through
the membrane in the midline aimed 30–45 degrees, and cau-
dally from the perpendicular direction (Figure 2.23). The intra-
tracheal position of the catheter must be verified by attaching a
syringe to the catheter and attempting to aspirate air. If air is not
aspirated, the catheter may not be in the trachea and should be
repositioned. Once free flow of air is documented, the syringe

A

B

C

D

E

F

Figure 2.19. Cookgas® Intubating Laryngeal Airway (ILA™). The
Cookgas® ILA™ has several benefits over other LMAs for emergency air-
way use. (A) 15-mm airway connector ridges facilitate easy removal for
fiberoptic airway management and improved tube seal upon replacement.
(B) Oval-shaped hyper-curved airway ventilation tube resists kinking. In
addition, the relatively large internal diameter accommodates large adult
endotracheal tubes (ETTs): 2.5 ILA™ allows 6.5 ETT, 3.5 ILA™ allows
7.5 ETT, and 4.5 ILA™ allows 8.5 ETT. Furthermore the relatively short
length of the ventilation tube facilitates fiberoptic intubation. (C) The
auxiliary airway hole improves airflow and prevents suction effects from
drawing up the epiglottis inside the airway tube. (D) The keyhole-shaped
airway outlet directs both FOB and ETTs toward the laryngeal inlet and
is anatomically engineered to align with the glottic chink. (E) The mask
ridges move against posterior larynx improving the anterior seal. (F)
Recessed front improves posterior pharyngeal fit and ILA stability. Avail-
able through Mercury Medical, Clearwater, FL.

is removed from the hub of the IV catheter and replaced by
the luer adaptor of a high-pressure TTJV inflation system (Fig-
ure 2.24). The TTJV inflation system should have 25–50 psi of
pressure to allow flow down the small-gauge angiocatheter.

The natural airway must be maintained during exhalation
and occasionally this requires some jaw thrust. TTJV can main-
tain oxygenation and adequate ventilation for over forty min-
utes [27]. Indeed, TTJV can take place while a definitive airway
is established by FOB intubation or during the surgical creation
of a tracheostomy.

TTJV is an extremely effective means of providing oxygen in
the setting where the obstruction to ventilation is at or below the
level of the glottis. In airway injuries involving a tear between the
glottis and the distal tracheobronchial tree, TTJV is absolutely
contraindicated because the positive pressure ventilation can
cause a pneumothorax or pneumomediastinum, or it can even
convert a partial airway tear into a complete airway separa-
tion.

C R I C O T H Y R O I D O T O M Y – P E R C U TA N E O U S

The same technique described for TTJV is used to place
a thin wall (14 G or larger) needle into the trachea. Once the
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Table 2.5: Relevant Diameters of the Different Sized Laryngeal Mask Airways (LMAs), Endotracheal Tubes (ETTs), and Fiberoptic
Bronchoscopes (FOBs) that fit into the ETTs

LMA MFGR Size
Patient

Weight (kg)
LMA Internal

Diameter (ID mm)
Cuff Volume

(mL)
Largest ETT Inside
LMA (ID mm)

Largest FOB Inside
ETT (mm)

Classic™ 1 <6.5 5.25 2–5 3.5 2.7

Classic™ 2 6.5–20 7.0 7–10 4.5 3.5

Classic™ 2.5 20–30 8.4 14 5.0 4.0

Classic™ 3 30–70 10 15–20 6.0 cuffed 5.0

Classic™ 4 >70 10 25–30 6.0 cuffed 5.0

Classic™ 5 >90 11.5 25–30 7.0 6.5

Cookgas® 2.5 20–50 10 20–25 6.5 6.5

Cookgas® 3.5 50–70 12 25–30 7.5 6.5

Cookgas® 4.5 >70 14 25–30 8.5 6.5

Classic™ LMA (LMA North America, Inc. San Diego, CA.).

Cookgas® ILA™ (Mercury Medical, Clearwater, FL.).

needle is confirmed to be intratracheal, a wire is passed through
the needle into the trachea by using the Seldinger technique.
Maintaining the guidewire several centimeters into the trachea,
the cricothyrotomy site is dilated. Then, using the Seldinger
technique, the cricothyrotomy tube is advanced, confirmed to
be intratracheal and secured in place.

C R I C O T H Y R O I D O T O M Y – O P E N

Cricothyroidotomy is the emergency surgical airway of
choice (versus tracheostomy) because there is less bleeding
and a decreased insertion time due to the ease of determin-
ing anatomic landmarks (Figure 2.25). The thyroid cartilage
is stabilized and an incision is made through the skin and

Figure 2.20. Fastrach™ LMA. Intubating laryngeal mask airway (ILMA), illustrating the rigid curve and handle.
Notice the different window compared with standard LMA. (Courtesy of LMA North America, Inc., San Diego,
CA.)
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Figure 2.21. A patient can be continuously ventilated during fiberoptic
intubation using the laryngeal mask airway (LMA) as a conduit for the
fiberoptic bronchoscope (FOB). By passing a 4.0-mm-OD fiberscope
through the self-sealing diaphragm of a bronchoscopy elbow adaptor and
the tip of a cuffed 6.0-mm-ID endotracheal tube (ETT) to the level of the
grille on the LMA, ventilation can occur around the FOB but within the
lumen of the ETT; the deflated cuff of the ETT inside the shaft of the LMA
makes a tight enough seal to permit positive pressure ventilation. Once
the FOB is passed well into the trachea, the 6.0-mm-ID ETT is pushed
over the FOB into the trachea until the adaptor of the ETT is against
the adaptor of the LMA (From Benumof JL. Laryngeal mask airway and
the ASA difficult airway algorithm. Anesthesiology 1996;84:686–99; with
permission.)

subcutaneous tissue overlying the cricothyroid membrane. The
membrane is then opened with a stab incision, an endotracheal
tube or cricothyrotomy tube is inserted, and placement is con-
firmed in the usual fashion. Of note, whenever conditions and
time allow for a formal tracheostomy, it is favored over the
emergency cricothyroidotomy, because of the decreased risk of
subglottic stenosis, which more frequently occurs with cricothy-
rotomy.

T R AC H E O S T O M Y

Tracheostomy is less desirable in emergency airway scenar-
ios than cricothryoidotomy because it is slower and has greater

Figure 2.22. Rigid bronchoscope with ventilating side port and optic guide. Several sizes are shown.

Figure 2.23. This figure demonstrates a 14-gauge angiocatheter passing
through the cricothyroid membrane at an angle approximately 30 degrees
caudad from the skin. After achieving this position the metal stylet is
withdrawn and a syringe is applied to the catheter to confirm intratra-
cheal position; aspiration of air is the expected end point if the 14-gauge
catheter is truly in the tracheal lumen. (From Benumof JL, et al. Transtra-
cheal ventilation. In Benumof JL, ed. Clinical Procedures in Anesthesia
and Intensive Care. Philadelphia, PA: Lippincott-Raven Publisher, 1992,
p 199; with permission.)
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Figure 2.24. This figure demonstrates the equipment used for pressur-
izing the already placed transtracheal catheter. (1) Wall oxygen pressure
quick disconnect device. (2) Green Chemtron O2 hose. (3) NPT hose
barb connector. (4) Bird regulator gauge (0–50 psi). (5) NPT air hose
connector. (6) High-pressure, self-coiling air hose. (7) Jet injector valve.
(8) NPT hose barb connecting the injector valve to clear soft flexible tub-
ing (9). (10) Hose barb connecting to the clear tubing with a standard
Becton/Dickinson male Luer lock connector. (11) Transtracheal venti-
lation IV catheter with standard hub. (From Benumof JL, Scheller MS.
The importance of transtracheal jet ventilation in the management of the
difficult airway. Anesthesiology 1989;71:769–78; with permission.)

potential for bleeding. Optimally, a transverse skin incision is
made in midline position for cosmetic and healing purposes.
However, in emergency situations with novice surgeons, a verti-
cal incision can be made in the midline of the neck to minimize
bleeding and to avoid the anterior jugular veins overlying the
trachea (Figure 2.26). Next, skin and subcutaneous tissue are
divided with a scalpel through the platysma, the strap muscles,

Figure 2.25. Surgical cricothyroidotomy. Horizontal skin incision, incision of cricothyroid membrane, dilation of the opening, and introduction of a
ventilation tube (From Biro P, et al. Transtracheal access and oxygenation techniques. Acta Anesth Scand 1998;42:169; with permission.)

and potentially the thyroid isthmus. Once the first few tracheal
rings are exposed, a horizontal incision is made between the
first and second tracheal rings and the tube is introduced into
the trachea. Percutaneous placement of a tracheostomy tube
can be performed but is recommended under bronchoscopic
guidance to reduce the chance of paratracheal insertion and to
document real-time intratracheal position of the needle, wire,
dilators, and the tracheostomy tube.

Blind Intubation Techniques: Not Recommended
with Stridor

Blind intubation techniques are contraindicated in the setting
of stridor, known mass expanding lesions, or known partial
airway injuries where blind manipulation can change a partial
airway obstruction into a complete obstruction.

Blind Nasal Intubation
Blind nasal intubation is contraindicated in the presence

of maxillofacial trauma where fracture of the cribriform bone
is possible and in the setting of nasal bleeding or coagulopa-
thy. When performing a blind nasal intubation, the patient
should be sitting upright at 45 degrees (rarely appropriate in
the acute trauma setting), spontaneously ventilating, and, opti-
mally, awake and cooperative. The ETT is placed in the already
dilated and anesthetized nasal passage and the airway expert’s
ear is placed near the 15-mm connector end of the endotracheal
tube.

As the ETT is passed down the nasal passage toward the
glottic aperture, the airway sounds from the patient will become
louder. When the airway sounds are loudest, the patient should
be instructed to pant or take some deep breaths, which then
opens the glottic aperture, at which point the ETT should be
advanced during inspiration. Using this maneuver, the ETT is
most likely to enter the larynx due to the patient’s inhalation
efforts.

It is occasionally beneficial to use a special flexible tipped
ETT known as an endotrol™ tube during blind intubation
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Figure 2.26. Tracheostomy. (A) Transverse incision made usually for elective tracheostomy but a vertical incision allows for less bleeding when emergent
procedure done. (B) The strap muscles are separated and (C, D) thyroid isthmus retracted caudally. (E) After the second tracheal ring is cleaned off, an
inferiorly based flap is developed in the tracheal wall and sutured to the skin to allow easy access to the trachea while the tract matures. (From “Head
and Neck” In Greenfield LJ, et al., ed. Surgery: Scientific Principles and Practices. Philadelphia, PA: Lippincott-Raven Publishers, 1997, p 644; with
permission.)

attempts. The endotrol™ tube allows the operator to flex the
ETT anteriorly while advancing the tube (Figure 2.27). Clini-
cal end points alerting the physician that the ETT has entered
the patient’s trachea include: (1) the patient is no longer able
to speak, (2) increased secretions are heard emanating from
the ETT with exhalation, and (3) coughing is elicited as the
ETT passes down the larynx into the trachea. Because clinical
end points are imprecise, the endotracheal position must be
confirmed just as with any other method of intubation using
PETCO2, and so on.

Light Wand
Although the light wand is often used electively in anes-

thetized patients, it can be used as an adjunct in the cannot
intubate–cannot ventilate patient. All commercially available

light wands consist of a lighted stylet over which an ETT fits.
The patient is anesthetized and the ETT with lighted stylet is
passed into the oropharynx. Pulling the tongue out can fre-
quently facilitate passing the light wand into the trachea. Once
the ETT passes through the cords and enters into the larynx
it produces a “jack-o’-lantern” effect due to transillumination
of light (Figure 2.28). The transillumination is very promi-
nent when the room lights are dimmed but may be difficult
to appreciate in bright-light settings. Once the light wand is in
the larynx, the ETT is advanced and the stylet is withdrawn.
Confirmation that the ETT is in proper tracheal position must
then be accomplished using PETCO2 and other standard means.
The light wand technique is widely applicable to many situa-
tions and environments. It has been used successfully in patients
when conventional laryngoscopy may be difficult such as small
mouth opening, large protruding teeth, and decreased head
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Figure 2.27. Flexible tipped (Endtrol®) nasotracheal tube. The flexible tipped nasotracheal tube can greatly aid
blind nasal tracheal intubation. By pulling the ring, the endotracheal tube (ETT) flexes more anterior, this helps
direct the tip around the soft palate and into the laryngeal inlet. (See inset.) (From Ward CF, Salvatierra CA.
Special intubation techniques for the adult patient. In Benumof JL, ed. Clinical Procedures in Anesthesia and
Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 154; with permission.)

Figure 2.28. Transillumination of the larynx with light wand. This diagram demonstrates the jack-o’-lantern
effect caused by transillumination of the soft tissues on the neck when the light wand enters the larynx. The left
panel demonstrates the position of the light wand on entry into the laryngeal inlet. The middle panel demonstrates
this view from the anterior orientation and the right panel shows a side view of the light wand in position to
cause transillumination of the anterior structures. (From Ward CF, Salvatierra CA. Special intubation techniques
for the adult patient. In Benumof JL, ed. Clinical Procedures in Anesthesia and Intensive Care. Philadelphia, PA:
J. B. Lippincott Co., 1992, p 175; with permission.)
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Table 2.6: Regional Anesthesia and the Trauma-Related Difficult Airway

Consideration Regional Might Be Indicated Regional Contraindicated

Injury location Superficial, extremity Head, chest, abdomen

Mental status Sober, cooperative, minimal
sedation needed

Altered sensorium, decreased mental
status

Urgency Can stop surgery at any time Unsafe to interrupt surgery to establish
a definitive airway.

Airway access Good access to airway Poor access to airway

Tolerate awake intubation
if necessary

Agreed to awake intubation if
necessary

Failure to agree on awake intubation if
necessary

Hemodynamic status Hemodynamically stable Hemodynamically unstable

extension [14a, 14b]. The light wand is contraindicated in the
presence of stridor or obvious airway trauma (as are all “blind”
intubation techniques).

Glidescope
The Glidescope consists of a digital video camera embed-

ded within a modified laryngoscope blade [14c]. The blade is
similar to a Macintosh but has a pronounced 60 degree angula-
tion. An LED light source mounted beside the camera provides
continuous illumination. The glottic structures and intubation
sequence are displayed on the video monitor. The Glidescope
usually provides a grade 1 view of the larynx following which the
tracheal tube is advanced toward and through the glottic open-
ing. Successful intubation is facilitated by use of a stylet within
the advancing ETT, or with a gum-elastic bougie. The video
camera is equipped with an antifogging device. In a large mul-
ticenter trial of 728 patients, Glidescope laryngoscopy consis-
tently yielded excellent or good laryngeal exposure [14d]. Suc-
cessful intubation was generally achieved with the Glidescope
even when conventional laryngoscopy was predicted to be
difficult.

Retrograde Wire
Less commonly performed due to its time requirement, the

retrograde technique was first described by Ralph Waters in
1963 where he employed a Tuohy needle to pass through the
cricothyroid membrane in a cephalad direction [28]. An epidu-
ral catheter was then threaded through the Tuohy needle and the
catheter was retrieved from the oropharynx by using a plastic
dressmaker’s hook. Next, both the tube and the catheter were
withdrawn from the nares. In 1967, Powell and Ozdil intro-
duced a wire-through-the-needle technique and in their mod-
ification, the wire was placed through the Murphy side hole of
the ETT [29]. Placing the wire through the Murphy side hole
allowed for the ETT to pass further through the cords than
when the wire went out the tip of the ETT. Other modifications
of these techniques have been described but the basic tech-
nique remains the same. Indeed, the Cookgas® Critical Care
division has developed an emergency retrograde intubation kit
(Cookgas® Mercury Medical, Clearwater, FL).

Regional Anesthesia in the Trauma Patient with Known
Difficult Airway

Occasionally, anesthesia can be achieved without securing the
airway of a patient with a known difficult airway. In the coopera-
tive and hemodynamically stable trauma patient with a solitary
superficial extremity injury, a regional technique can be utilized
so long as the patient understands and agrees to a plan that an
awake intubation may need to be done if conditions change and
warrant it (Table 2.6). In the patient with head or torso trauma,
or an altered sensorium, a regional anesthetic is unwise because
airway access is compromised, making a controlled awake intu-
bation impossible.

F I B E R O P T I C B R O N C H O S C O P Y:
T E C H N I Q U E S A N D P I T FA L L S

A FOB-assisted intubation is optimally performed in awake
patients who are breathing spontaneously, but can also be used
in anesthetized or apneic patients. There are many recipes
for accomplishment of FOB-guided intubation. Success with
FOB-guided intubation requires appropriate patient selection
and preparation along with appropriate technique and ade-
quate experience because conditions can vary in different
patients, requiring the skill of the endoscopist to achieve success
(Table 2.7).

Patient Selection

Indications for FOB intubation include: (1) situations where
alignment of the oral pharyngeal and laryngeal axes is difficult
or ill advised (i.e., C-spine injury or neck fixed in halo, (2) situ-
ations where direct laryngoscopy is expected to be difficult [i.e.,
hyomental distance (HMD)] less than 6 cm, Mallampati Class
III or IV (Figure 2.5), especially situations with small mouth
openings and in temporomandibular disease. Contraindica-
tions to FOB intubation include massive oropharyngeal hemor-
rhage (unable to adequately see) and conditions where time for
adequate topicalization does not exist, such as profound hemo-
dynamic instability or life-threatening airway obstruction.

Relative contraindications for FOB intubation include copi-
ous secretions or friable tissues that are difficult to manage
with antisialagogues and careful manipulation of the FOB.
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Table 2.7: Causes of Failure to Intubate with Fiberoptic Bronchoscope

Cause of Failure Comments and Solutions

Patient selection factors These constitute relative contraindications to FOB
Massive bleeding Unable to visualize airway. Small amounts of bleeding can be controlled with frequent

suctioning. A vasoconstrictor added to topical agents helps limits bleeding.
Uncooperative patient Patient will not hold still and or is very belligerent. Rare in elective situations, but common in

trauma and emergency scenarios.
Patient too unstable Does not allow time to properly topicalize airway

Patient preparation factors
Inadequate topical anesthesia Be patient, take time to topicalize properly. Dry mucosa (glycopyrrolate), suction secretions

from the oropharynx so that topical anesthesia can reach mucosa to work. Anesthetize the
nose, nasopharynx, oropharynx, larynx, and trachea. Nerve blocks usually unnecessary with
proper topicalization.

Presence of secretions or small amounts
of blood

Treat with proper suctioning, use of an antisialagogue (glycopyrrolate) and a vasoconstricting
agent (neosynephrine) or use cocaine. Attach O2 to suction port of FOB, blowing secretions
away.

Patient desaturates during FOB Patient should be wearing nasal prongs or mask O2 during FOB Also, endoscopist can attach
O2 to the suction channel of the FOB and instruct patient to pant during intubation.

Endoscopist experience factors
Inability to navigate normal anatomy Most common problem of novice is too little practice with airway models and mannequins

prior to attempting to intubate patients.
Distorted anatomy due to tumors or

abscess
Excellent indications that use of a FOB as intubation with direct laryngoscopy may be difficult.

However, the endoscopist must be well grounded in normal anatomy prior to managing
difficult airways.

Inability to visualize cords due to a large
floppy epiglottis

Have patient say “Ahh” and or pant “like a puppy.” (If patient is anesthetized, assistant can
apply jaw thrust or pull the tongue out)

Fogging of objective Use a dilute detergent (Chlorhexidine) to wipe the FOB lenses prior to use, warm the FOB
prior to use.

Inability to advance tube into trachea Inadequate topical anesthesia – perform nerve block or use more topical.
Large discrepancy between ETT and FOB – use the largest FOB that will fit easily thru the ETT

yet still allow easy removal with proper lubrication.
Hung up at glottic opening. Pull back the ETT and rotate 90◦ to 180◦ either right or left to

allow the ETT to pass thru the cords more easily.
Inability to remove the FOB Beware the FOB may exit the Murphy eye of the ETT. This can be avoided if the FOB is

threaded through the ETT prior to attempting intubation. Some endoscopists will place the
lubricated ETT through the nares into the nasopharynx blindly and then pass the FOB
through the ETT. This technique has greater risk of FOB exiting the Murphy eye. Also, be sure
that the FOB is well lubricated with silicone or Xeroform gauze prior to placing thru the ETT.

FOB, fiberoptic bronchoscope; O2, oxygen; ETT, endotracheal tube.

Oropharyngeal tumors, abscesses, maxillofacial trauma, and
most causes of stridor are optimally managed with awake tech-
niques, and should all be considered as good indications for
FOB-assisted intubation, providing the endoscopist can avoid
blood and see the entire way into the trachea.

Patient Preparation

Positioning for FOB
Optimally, the patient is placed into a sitting position; in

patients with C-spine injuries, this can be allowed as long as
there is no thoracolumbar spine injury. Nasal cannula oxygen is
administered, and pulse oximetry and other monitoring devices
are applied. The sitting position allows secretions to run down
into the esophagus and out of the bronchoscopic view. Gravity
also helps direct the fiberoptic bronchoscope toward the larynx
as compared with the supine position, where gravity tends to
favor the posterior esophageal orifice.

Analgesia, Sedation, and Antisialagogue
Patients should receive an antisialagogue (glycopyrrolate,

0.2 mg) and sedation prior to starting the procedure. Opi-
oids, benzodiazepines, dexmedetomidine, and droperidol have
all been used successfully. However, low-dose opioids alone
(fentanyl, 1–2 μg/kg) are usually sufficient in patients who
are not opioid-tolerant. Midazolam can cause some patients
to become hyperalgesic and uncooperative; yet, many have
used this (and other) benzodiazepines successfully. Fentanyl
is often adequate as a sole agent because it provides sedation as
well as analgesia, both of which are useful while topicalization
is occurring. Dexmedetomidine infusion provides excellent
sedation, decreases opioid requirements, attenuates tachycar-
dia, and minimally depresses ventilation.

Local Anesthesia and Vasoconstriction
The described technique of mucosal topicalization and

vasoconstriction can be used for FOB-guided ETT placement
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as well as with other awake airway devices. The patient should
receive phenylephrine or oxymetolazone nasal spray applied
into both nares prior to initiating topicalization. Next, the
patient should be asked to report which nares allows for better
airflow. This will identify the nares that should be intubated
and primarily topicalized. However, both nares should be topi-
calized to block both the right and left superior laryngeal nerves
and more fully anesthetize the supralaryngeal structures.

The nasopharynx, oropharynx, base of the tongue, and lar-
ynx should all be anesthetized. The nasopharynx can be anes-
thetized with either 4 percent cocaine or 4 percent lidocaine
mixed with dilute phenylephrine. For nasopharyngeal anes-
thesia, 4 percent cocaine, although slightly more toxic, can be
more efficacious, because of its inherent intense vasoconstric-
tion coupled with a more rapid onset and a longer duration
of action than lidocaine. The toxic dose of cocaine is 3 mg/kg,
whereas the toxic dose with lidocaine is 7 mg/kg when used
with vasoconstriction.

Cocaine is topically applied to each nare by using Krause’s
forceps (Figure 2.29) or a cotton-tipped applicator (Q-tip®).
Topicalization is initiated by painting the external nares and
slowly working down the nasopharynx with the cocaine-
impregnated Q-tip®. By advancing the Q-tip® into the pyriform
fossa, the superior laryngeal nerve will also become blocked. The
superior laryngeal nerve innervates the epiglottis, aryepiglottic
folds, and mucus membranes of the laryngeal structures down
to the false cords. When the Q-tip® can be inserted into the
deepest recesses of the nasal cavity without causing discomfort,
a soft 34 French nasal airway can be inserted. If the patient is not

Tongue

Epiglottis

Pyriform
recess

Superior
laryngeal
nerve

Krause's
forceps

Gauze
with local
anesthetic

Pyriform
recess

Internal barnch
of superior
laryngeal nerve

Figure 2.29. Superior laryngeal nerve block by external approach (“topi-
calization”). Posterior view of the nasopharyngeal area showing the perfo-
rating branches of the superior laryngeal nerve. Krause’s forceps are used
with gauze soaked in local anesthetic fluid at the level of the pyriform
sinus. (From University of California, Irvine, Department of Anesthesia
D.A. teaching aids; with permission.)

Figure 2.30. Continuous oxygen flow atomizer apparatus. Oxygen tub-
ing is connected from an oxygen tank to the bulb attachment site of a
DeVilbiss atomizer. A hole is cut in the oxygen tubing near the attach-
ment site. Oxygen is allowed to flow into the tubing and out of the cut
hole until a finger is applied covering the hole; then oxygen flows to
the nebulizer and a fine mist of local anesthesia is emitted. The size and
velocity of the spray is directly related to the flow of oxygen through the
tubing. (Reproduced with permission from Benumof JL. Anesthesia for
Thoracic Surgery, Philadelphia, PA: W. B. Saunders, 1987, pp 241–3; with
permission.)

inconvenienced by this, the topicalization of the nasopharynx
is complete.

While the nasopharynx is being anesthetized, simultane-
ous topicalization of the oropharynx and larynx should occur
by spraying a fine mist of 4 percent lidocaine via a DeVilbiss
nebulizer. The DeVilbiss sprayer can be modified by connecting
it to a low-flow O2 source after removing the squeeze bulb, thus
providing a continuous source of aerosolized lidocaine (Fig-
ure 2.30). When utilizing the DeVilbiss sprayer in this way, the
patient can entrain the aerosolized lidocaine well into the tra-
chea and past the carina. The patient should be instructed to
“pant like a puppy dog” to facilitate the inhalation early in the
process. Later, the patient will be able to inhale a full vital capac-
ity breath of the aerosolized local anesthetic, indicating the sub-
glottic structures are anesthetized. Once the DeVilbiss sprayer
can fully enter the oropharynx without the patient gagging,
oropharyngeal and base of tongue topicalization is adequate
for fiberoptic intubation. Provided the patient has breathed
enough lidocaine mist into the airways, the trachea is usually
adequately anesthetized at this point as well.

Some endoscopists prefer performing nerve blocks of the
glossopharyngeal nerve at the palatoglossal arch (Figure 2.31)
and the superior laryngeal nerve externally, where it crosses the
superior cornu of the hyoid (Figure 2.32), as well as administer-
ing transtracheal lidocaine (Figure 2.33) [30]. These maneuvers
are not necessary for FOB-aided or blind nasal intubation tech-
niques in properly topicalized patients. However, if awake laryn-
goscopy is planned with either a conventional laryngoscope, or
other device utilizing a blade (e.g., Bullard laryngoscope, Wu
Scope, or Airtraq), the deep mucosal pressure receptors require
blockade to prevent gagging. When these pressure-inducing
rigid laryngoscopic devices are used to intubate awake patients,
supplemental glossopharyngeal nerve blocks should also be per-
formed (see Figure 2.33 legend for instructions).

Technique of Fiberoptic Intubation

Awake Nasal Technique
The largest ETT that will fit the patient’s nasal passage

should be used and most adults can accept an 8.0 ETT. Indeed,
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Figure 2.31. Glossopharyngeal nerve (lingual branch) block. The tongue
is pushed medially with a tongue depressor, and a three-inch spinal nee-
dle is inserted into the base of the anterior tonsillar pillar 0.5 cm lateral
to the base of the tongue and advanced 0.5 cm deep. After negative aspi-
ration, 2 mL of local anesthetic is injected. Both sides are injected for
adequate block of the gag reflex. (From Mulroy MF. Regional Anesthesia:
An Illustrated Procedure Guide, 3rd edition. Philadelphia, PA: Lippincott
Williams and Wilkins, 2002, p 229; with permission.).

provided the patient’s nares can be easily dilated with a 34
French soft nasal airway, an 8.0 ETT will almost always fit
through the nares. This is possible because the external diame-
ter of a 34 French soft nasal airway is approximately 11.0 mm,
whereas the external diameter of an 8.0 ETT is approximately
10.5 mm. However, in emergency situations, and in cases of
stridor, smaller ETTs are best.

Following topicalization, the FOB (Figure 2.34), with
preloaded ETT, is inserted into the patient’s nares. Alternatively,
an ETT can be placed in the nares to serve as an introducer and
the FOB can then be placed through the ETT and into the nasal
passage. The advantage of preloading the ETT over the FOB is
elimination of the possibility that the FOB might exit the Mur-
phy eye during intubation, which subsequently will not allow
the ETT to enter the trachea. The advantage of the second tech-
nique is that the ETT serves as a dilating airway and a guide for
the FOB. When the FOB exits the nasopharyngeal located ETT,
it is frequently aiming directly into the laryngeal aperture.

When manipulating the FOB, it is useful to remember that
small movements at the end of the FOB result in very large
changes in the view that the endoscopist has. Regardless of the
technique chosen for introducing the FOB into the nares, the
endoscopist next advances the FOB under direct vision until
the epiglottis or the laryngeal aperture is visualized (Figure
2.35). The FOB should never be advanced blindly, because
structures that are not clearly identified can be damaged. Once

A

B

Cornu of
hyoid cartilage

Superior
laryngeal nerve

Superior cornu of
thyroid cartilage

Thyroid cartilage

Figure 2.32. Superior laryngeal nerve block. The 23- or 25-gauge needle
is introduced onto the superior border of the lateral wing of the thyroid
cartilage or caudad to the greater cornu of the hyoid bone. After negative
aspiration deep to the thyrohyoid membrane, 2–3 mL of local anesthetic
are injected into the space below the membrane. (From Norton ML. Atlas
of the Difficult Airway: Topical and Regional Anesthesia of the Upper
Airway. St. Louis, MO: Mosby Publishing, 2002, p 91; with permission.)

the glottis or the epiglottis is in view, the FOB is maneuvered
through the vocal cords and into the trachea. The FOB is then
advanced further down the trachea to a position just above the
carina (Figure 2.35C). At this point, the ETT is threaded over
the indwelling FOB, through the larynx and into trachea.

If the ETT does not advance easily, it may be hung up at the
arytenoids or at the laryngeal aperture. This can result from a
large discrepancy between the internal diameter of the ETT and
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Figure 2.33. Transtracheal injection (topical subglottic anesthesia –
recurrent laryngeal nerve distribution). A 20-gauge IV catheter is intro-
duced through the cricoid membrane. Once tracheal entry is confirmed
by air aspiration, 4 mL of topical anesthetic is injected as the patient
inspires; the inward airflow carries the solution down the trachea, and
the cough reflex will spread it up to the undersurface of the vocal cords.
(From Mulroy MF. Regional Anesthesia: An Illustrated Procedure Guide,
3rd edition. Philadelphia, PA: Lippincott Williams and Wilkins, 2002,
p 230; with permission.)

the outer diameter of the FOB, or because the ETT is simply
too large for the glottis. Often rotating the ETT 90–180 degrees
either clockwise or counterclockwise will facilitate passage of
the ETT through the glottic aperture.

If the ETT will not pass despite the use of these maneuvers,
then the ETT and FOB should be removed together as a unit and
a smaller ETT utilized. If secretions become a problem during
bronchoscopy, these can be managed by flushing saline down
the working channel of the FOB and suctioning under direct
vision. Alternatively, oxygen can be administered through the
working channel and used to blow secretions out of the way.
The additional benefit of the O2 insufflation technique is the
increased FIO2 provided in spontaneously breathing patients.
Switching back and forth between suction and O2 insufflation
is often useful.

Once the ETT is positioned approximately 3–4 cm above
the carina, the FOB is removed. Difficulty in removing the FOB
can result from a narrow nasal passage with crimping of the
ETT, and also when the FOB is inadvertently passed through
the Murphy eye of the ETT, trapping it in place. If this occurs, the
fiberoptic bronchoscope and the ETT may have to be removed
as a unit and the procedure begun once again.

Oral Technique
The FOB can be advanced through the oropharynx in both

awake, spontaneously ventilating patients and those who are
asleep and being ventilated with a mask or LMA. The sedation

ET tube threaded
over fiberoptic
bronchoscope
insertion
tube

Fiberoptic bronchoscope

Eye-piece

Flexible tip of
insertion tube

Insertion tube

Figure 2.34. Fiberoptic bronchoscope with endotracheal tube (ETT)
threaded over the insertion end of the FOB. The 15-mm airway con-
nector has been removed, and the ETT is secured to the body of the FOB
with a piece of tape. The distal (insertion) end of the FOB is lubricated
with a silicone-based fluid, the cuff of the ETT is deflated. The tip of
the FOB can only be flexed in one plane. To maneuver the FOB in other
planes the scope itself must be longitudinally twisted. (From Zupan J.
Fiberoptic bronchoscopy in anesthesia and critical care. In Benumof JL,
ed. Clinical Procedures in Anesthesia and Intensive Care. Philadelphia,
PA: J. B. Lippincott Co., 1992, p 258; with permission.)

and local anesthesia preparation for an awake oral intubation
is the same as that required for a nasal intubation.

With oral intubation in a spontaneously ventilating patient,
the FOB is advanced into the airway through a rigid plastic
Ovassapian oral airway intubator (Figure 2.36A). The oral intu-
bation can be more difficult in some patients because the FOB
must take a more acute bend at the oropharynx in order to
be directed toward the larynx compared with the more gen-
tle curvature required for nasal intubation. Having an assistant
perform a jaw-thrust or chin-lift maneuver may be helpful in
this regard.

When FOB-assisted intubation is performed in patients
under general anesthesia, concomitant ventilation can be
achieved using an LMA, Intubating Fastrach™ LMA, or the Patil
intubating mask with self-sealing diaphragm (Figure 2.36B)
along with the Ovassapian oral airway intubator, as described
by Rogers and Benumof [31]. Entry into the glottis is gener-
ally easier with an LMA-FOB-assisted intubation than with an
intubating mask-FOB-assisted technique.

D I F F I C U LT A I RWAY A L G O R I T H M S

The ASA Difficult Airway Algorithm

Practice guidelines for management of the difficult airway were
originally published in 1993 [6], and were updated in 2003 by
the ASA Task Force on Management of the Difficult Airway [12].
The original practice guidelines (1993) were developed by a
taskforce of ASA members who expounded on the original ideas
put forth in a medical intelligence article written by J. L. Benu-
mof in 1991, entitled Management of the Difficult Airway [5].
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Figure 2.35. View of the larynx and carina via a FOB. This figure demonstrates the normal anatomy of the larynx
(A) as well as the view obtained from a FOB positioned just above the laryngeal inlet (B). After passage of the FOB
through the vocal cords and down the trachea the carina comes into view (C). The tracheal cartilages are c-shaped
and are joined posteriorly with a membrane. This anatomy allows for identification of the various portions of
the tracheal bronchial tree. (From Zupan J. Fiberoptic bronchoscopy in anesthesia and critical care. In Benumof
JL, ed. Clinical Procedures in Anesthesia and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 260;
with permission.)

Figure 2.36. The oral airway intubator and the intubating anesthesia mask. The oral airway intubator (A) has a channel large enough to pass an
8.0-mm ETT. The intubating anesthesia mask fits normally over the patient’s face and is equipped with the usual 15-mm airway connector. In addition,
the intubating anesthesia mask contains an intubating port with self-sealing diaphragm through which a FOB and previously threaded ETT may pass
(B). The scope passes via the intubating port through the intubating oral airway and then into the trachea. The ETT (previously threaded over the
bronchoscope) is then advanced into the trachea. The bronchoscope is withdrawn, the ETT is grasped near the patient’s mouth and the anesthesia
mask is removed with care not to pull the ETT out of the trachea in the process. (From Zupan J. Fiberoptic bronchoscopy in anesthesia and critical
care. In Benumof JL, ed. Clinical Procedures in Anesthesia and Intensive Care. Philadelphia, PA: J. B. Lippincott Co., 1992, p 261; with permission.)
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In 1996, Benumof wrote another landmark article
discussing the development and use of the LMA and its impli-
cations for the ASA algorithm [14]. This article contributed
to the ASA’s decision to revise the 1993 algorithm. The
current version emerged after the ASA Task Force reviewed the
literature published over the past 60 years and obtained expert
opinions from other ASA members to build a consensus.
The 2003 Practice Guidelines Key Points are summarized in
Table 2.8.

Several critical decision tree elements are present in the
ASA difficult airway algorithm. These include recognition of the
difficult airway, awake intubation techniques, and anesthetized
intubation techniques. Figure 2.37B shows the ASA algorithm
as revised in 2003, along with modifications (in red) as required
for utilization in the trauma patient.

Recognition of the Difficult Airway
The ASA algorithm begins with recognition of airway diffi-

culty. Penetrating trauma to the neck with stridor and cyanosis
is easily recognized as a potentially difficult airway. However,
more subtle anatomic or pathologic causes of airway difficulty
can go unrecognized in the traumatized patient because of hasty
preoperative evaluation or preoccupation with other aspects of
care. Missed signs of a difficult airway can be minimized if one
looks carefully for both pathologic and anatomic abnormalities.
Whenever the patient is recognized to have a difficult airway,
the clinician should consider securing the airway by using an
awake technique, as long as the patient is cooperative, hemo-
dynamically stable, and spontaneously ventilating.

Awake Limb of the ASA Difficult Airway Algorithm
After deciding to intubate the trachea by using an awake

technique, the airway expert must select the most appropriate
technique given the reason for airway difficulty and the clinical
circumstances. The technique chosen is not as important as is
the airway expert’s experience and judgment as to suitability
of a particular airway intubation technique given the patient’s
difficult airway circumstances.

Indeed, the ASA algorithm does not endorse any specific
airway technique. However, it does emphasize that the patient
must be properly prepared for an awake technique, and the
physician must ensure that spontaneous ventilation continues
and O2 saturation is maintained throughout the procedure.
In trauma scenarios, the patient must also be cooperative and
stable.

The basic ASA algorithm recommends considering aban-
doning the airway attempt while maintaining spontaneous ven-
tilation, and allowing the patient to recover from topicalization
or sedative medications and resume management later with
a better plan. However, stopping is rarely an option in emer-
gency airway management situations. If at any time during the
awake intubation manipulation, the patient is unable to venti-
late by mask and intubation is not successful, then consideration
should be given to use of emergency airway adjunct devices such
as the LMA, Combitube, TTJV, or a surgical airway.

Uncooperative/Unstable/“Anesthetized”
Limb of the Algorithm

The physician may be confronted with the need to intubate
the trachea of an unconscious or anesthetized patient with a

difficult airway, which was elaborated on earlier. In the unco-
operative patient, preinduction assessment should have iden-
tified factors that might make intubation of the trachea diffi-
cult and the airway expert should consider using a technique
that maintains spontaneous ventilation despite the need for
anesthesia.

ASA Difficult Airway Algorithm Modified for Trauma

Trauma patients, who are hemodynamically stable without spe-
cific injuries to the head, neck, maxilla-face, or chest, can be
managed as outlined by the ASA algorithm (Figure 2.37B). Iso-
lated abdominal or extremity injuries in hemodynamically sta-
ble patients fall into this category. However, in this “uncompli-
cated” setting, the anesthesiologist must maintain a heightened
vigilance for and undertake protective measures against aspira-
tion (Table 2.9).

Trauma and associated conditions such as apprehension,
opioid administration, alcohol ingestion, and gastrointestinal
disorders are all associated with an increased volume of gastric
contents. Pain, trauma, and apprehension decrease the gastric
pH and further increase the risk that passive regurgitation will
progress to aspiration syndrome. Therefore, all trauma patients
are expected to have full stomachs, and an RSI technique of
intubation should always be considered (see Chapter 9).

However, many airway disasters have resulted from an inap-
propriate placement of gastric regurgitation and pulmonary
aspiration on a hierarchical level above airway difficulty. Thus,
the clinician must always fully evaluate the airway. If the patient
has an anticipated difficult airway, the trachea should be intu-
bated by using an awake technique. Despite the increased risk
of aspiration in these trauma patients, awake techniques can
be safely used provided the physician maintains close obser-
vation of the patient’s mental status. If the patient is awake
and following commands, then the patient’s airway protective
mechanisms should be functional. Indeed, Ovassapian and col-
leagues intubated the tracheas of 123 patients considered to be
at high risk for aspiration of gastric contents by using an awake
technique. Regurgitation occurred in only one patient, and no
patients suffered aspiration [32]. Therefore, the ASA algorithm
can be followed without significant modification in patients
with isolated extremity or abdominal injuries with documented
absence of cervical spine, brain, neck, maxillofacial, or chest
injury.

Previously, the traditional overriding goal in securing a dif-
ficult airway in patients with a full stomach was the prevention
of catastrophic aspiration. It is now more clearly understood
that preventing hypoxia and brain injury is most important.
The general principles of the ASA algorithm as they apply to
the trauma airway are outlined in Figure 2.37. The modifica-
tions of the algorithm for trauma as compared with the general
algorithm are summarized in Table 2.9. First, stopping to come
back another day is seldom an option with trauma. Second,
an awake ETT technique should be chosen in a difficult airway
patient providing the patient is cooperative, stable, and sponta-
neously ventilating. Third, if the patient becomes uncoopera-
tive/combative or unstable, then sedative drugs may need to be
administered to gain control. However, if the airway is deemed
difficult, spontaneous ventilation should be maintained, if pos-
sible. Finally, a surgical airway may be the best choice in certain
conditions.
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Table 2.8: Principles of the ASA Difficult Airway (DA) Algorithm

Principles Examples / Comments

A. Airway history is useful Ask patient, check chart/bracelet
B. Airway examination (11 step) Should be conducted on all patients whenever feasible

(Table 2.3).
C. Additional evaluation may be indicated in some

patients
e.g., rheumatoid arthritis patients may need flexion/extension C-spine x-rays

D. Basic preparation for a difficult airway, per 2003
ASA DA Guidelines

Requires a portable DA storage unit with contents that include
airway tools that can assist management of the difficult airway
(Table 2.1).

E. When a patient is identified as having a DA several
things should happen:

1. Inform patient / family of risks, plans, and alternate management methods
2. Identify an experienced helper to assist in managing the DA
3. Preoxygenate
4. Pursue opportunities to administer O2 to patient during DA management

F. The anesthesiologist should have a strategy for DA
management – one such strategy is following the
algorithm (See algorithm, Figures 2.37B–2.42)

1. Assess the likelihood of any one of the four basic problems:
–Difficult ventilation
–Difficult intubation
–Difficulty with patient cooperation or consent
–Difficult tracheostomy

2. Consider the merits of crossing the three basic bridges to airway access:
–Awake vs. general anesthesia (RSI +/– modified with PPV)
–Natural airway with endotracheal tube (ETT) vs. surgical airway
–Spontaneous ventilation vs. apnea

3. Identify the preferred primary approach (patient and condition specific)
4. Identify a back-up approach (i.e., Plan “B”).
5. Exhaled CO2 should be used for confirmation of tracheal

intubation
6. Consideration of conducting surgery with regional/local technique.

Significant judgment is required. Regional is seldom a wise choice for acute
polytrauma patients (Table 2.6).

G. The anesthesiologist should also have a strategy for
extubation or tube change of the DA patient. Every
DA extubation strategy requires consideration of
the following four elements:

1. Relative merits of awake extubation.
2. Factors that may have an adverse impact on ventilation after extubation
3. Formulate an airway management plan that can be implemented if the

patient is unable to maintain adequate ventilation after extubation
4. Consider use of an AEC for short-term use. An AEC can serve as a guide for

expedited reintubation, or (via the hollow inner core) as a method to provide
O2 by insufflation (if patient breathing spontaneously) or via jet ventilation.

H. Follow-up care and documentation 1. Inform patient/family of difficulty. Suggest patient get a card in wallet and a
bracelet stating difficult airway

2. Document in chart specific problems with mask ventilation, LMA
ventilation, or intubation. Also, document which tools were used
successfully or unsuccessfully. Provide all guidance relevant for the next
person managing the patient in the future.

ASA, American Society of Anesthesiologists; DA, difficult airway; O2, oxygen; RSI, rapid sequence induction; PPV, positive pressure ventilation; ETT, endotracheal

tube; CO2, carbon dioxide; AEC, airway exchange catheter; LMA, laryngeal mask airway.

Five Common Trauma Difficult Intubation Scenarios

Traumatic Brain Inury (TBI)/Intoxication
In the setting of TBI, surgical decompression/evacuation is

frequently the primary intervention required for resolution of
increased intracranial pressure (ICP). Endotracheal intubation
and subsequent modest hyperventilation constitute important
temporizing modalities (Figure 2.38). Hyperventilation serves
to decrease cerebral blood flow by causing cerebral vasocon-
striction via an increase in intracellular brain pH (see Chap-

ter 11). Simultaneously, maintenance of mean arterial pres-
sure (MAP) in a normal or slightly elevated level throughout
these manipulations is important to maintain cerebral perfu-
sion pressure (CPP = [MAP – ICP]). Patients with a CPP less
than 60 mmHg have a worse outcome for similar categories of
head injury and the Glasgow Coma Scale score than patients
with normal CPP [33], and a CPP more than 70 mmHg is
desirable if it can be accomplished [34].

Airway management considerations for the TBI patient
begin with a determination of acuity followed by airway
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Figure 2.37A. (Continued )
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Summary of the ASA Difficult Airway Algorithm Modifications for Trauma (Review with Figure 2.37A)

A. Stopping to come back another day is seldom an option with trauma  

B. A surgical airway may be the first/best choice in certain conditions

C. An awake ETT technique should be chosen in a DA patient providing the patient is
cooperative, stable, and spontaneously ventilating.

D. If the patient becomes uncooperative/combative general anesthesia (GA) may need to be
administered—but if the airway is difficult, spontaneous ventilation (SV) should be
continued (if possible).

E. Awake limb of the ASA Algorithm—Trauma Notes. An awake intubation technique is
recommended for all trauma patients with a recognized difficult airway…. Providing the
patient is cooperative, stable, and maintains spontaneous ventilation and adequacy of O2

saturation. The ASA DA Algorithm does not endorse any particular airway technique.
However, it does emphasize that the patient must be properly prepared (mentally and
physically) for an awake technique.

F. Anesthetized or uncooperative limb of ASA DA Algorithm—Trauma Notes. There are
three common conditions when the need arises to intubate the trachea of an unconscious
or anesthetized trauma patient with a DA:

1. Clinician fails to recognize a difficult airway in preoperative evaluation prior to the
induction of anesthesia

2. The DA patient is already unconscious prior to being assessed by the trauma
anesthesiologist

3. The patient obviously has a DA, but is hemodynamically unstable (e.g., following
trauma) or absolutely refuses to cooperate with an awake intubation (e.g., child,
mentally retarded, drugged, or head-injured adult).

Once the patient is anesthetized or is rendered apneic or presents comatose and the
trachea cannot be intubated, O2, enriched mask ventilation (MV) is attempted.

If MV adequate, a number of intubation techniques may be employed. Techniques
allowing continuous ventilation during airway manipulations are favored over those
requiring an interruption of MV (e.g., FOB, via an LMA or an airway
intubating mask, with self-sealing diaphragm).

Alternatively, techniques requiring a cessation of ventilation (at least temporarily) can be
employed. These techniques are relatively contraindicated for patients with large right-to-
left transpulmonary shunt, or decreased FRC.

G. Confirmation of endotracheal tube (ETT) position. Immediately after the patient's trachea
is intubated, one must confirm ETT position with end-tidal CO2 measurement. If end-tidal
CO2 measurement is unavailable, Wee's esophageal detector device (EDD) is reasonably
reliable (close to 100% sensitive and specific).

H. Extubation or ETT change of the DA. If the conditions that caused the airway to be difficult
to intubate still exist at the time of extubation, or if new DA conditions exist (e.g., airway
edema, halo), then the trachea should be extubated over an AEC and or with the
assistance of a FOB.

Figure 2.37B. (Continued ) ASA difficult airway algorithm, with modifications (in bold) required for trauma. The algorithm begins with recognition
of the difficult airway. If the patient is recognized to have a difficult airway then the awake limb of the algorithm is followed. Whereas, if the patient
is uncooperative, unstable, or was not recognized to have a difficult airway, the anesthetized limb is followed. Regardless of the technique used to
secure a definitive airway, confirmation of mechanical ventilation with either end-tidal CO2 or other test is mandatory. The original algorithm is from
Caplan RA. Practice Guidelines for Management of the Difficult Airway. Anesthesiology 2003;98:1273; with permission, along with modifications (in
bold) as published in ASA Difficult Airway Algorithm modified for Trauma (Wilson WC. Trauma: airway management. ASA difficult airway algorithm
modified for trauma – and five common trauma intubation scenarios. ASA Newsletter 2005;69(11):10; with permission.)
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Table 2.9: Modification of the ASA Difficult Airway (DA) Algorithm for Trauma

Management Choices Standard ASA DA Algorithm Trauma ASA DA Algorithm

Unsuccessful intubation after general
anesthesia induced

Awakening the patient is always an option Awakening/stopping is seldom an option

Surgical airway decision Invasive surgical airway is performed for
failed intubation/failed ventilation

Surgical airway may be the first/best choice

Management of recognized difficult
airway

Awake intubation Awake intubation technique only if cooperative,
stable, and spontaneously ventilating

Failed awake intubation Cancel is an option Uncooperative/combative patient requires
general anesthesia with or without spontaneous
ventilation

Regional for anesthetic management Regional anesthesia is usually an option Regional is occasionally an option

ASA DA, American Society of Anesthesiologists Difficult Airway Algorithm (see also Figure 2.37B, A–B).

evaluation. If the patient has a Glasgow Coma Score (GCS less
than 9) airway management begins at the anesthetized limb of
the ASA difficult airway algorithm just as in any unstable unco-
operative patient. If the patient has stable hemodynamics, a GCS
more than 9, and an airway that appears difficult to intubate,
then an awake intubation technique should be considered.

Cervical Spine Injury
C-spine injury should be suspected in all trauma patients,

especially those with a significant blunt mechanism of injury
(i.e., front-end motor vehicle crash more than 35 miles per
hour without seat belt), and those patients admitted with
altered mental status [35, 36]. Because comatose patients can-
not respond to a clinical examination, all head-injured and/or
intoxicated patients, and others in whom a clinical exam can-
not be performed must initially be assumed to have cervical
instability. Few well controlled studies are available to guide
airway management for these patients. However, several excel-
lent reviews of C-spine injury and airway management exist
[37–40].

When confronted with the patient with suspected C-spine
injury, six points should be considered (Table 2.10). The C-
spine airway management algorithm (Figure 2.39) follows
directly from concepts outlined in Table 2.10. First, intubation
of the proved or suspected C-spine injured patient is analogous
to intubation of any other patient, except that there is an added
handicap because the head and neck should not be moved. Sec-
ond, the patient must have his or her airway evaluated for all
the other factors that would predict a difficult airway. Third,
outcome data indicate that there are no differences in terms
of incidence of neurologic deficit between awake intubation
and intubation under general anesthesia as long as the operator
does not move the head on the neck [41, 42]. Fourth, if the
C-spine is known or suspected to be unstable, and the patient
is awake, cooperative, and otherwise stable, an awake intuba-
tion, optimally with a FOB, should be pursued because this
allows for neurologic evaluation after intubation. Fifth, if intu-
bation is contemplated for neck surgery in a patient with known
C-spine injury, both awake intubation and awake positioning
should be pursued. (see also Chapters 13 and 14). And finally,

consideration must be given to using an intubation technique
that does not require head extension or the sniffing position to
optimally expose the glottis and intubate the trachea, especially
when dealing with the uncooperative/unstable/anesthetized
limb of the difficult airway algorithm. In a landmark review
of C-spine injury and airway management, Hastings mentions
the occurrence of two cases of quadriplegia or death after laryn-
goscopy in patients with unrecognized C-spine injuries [38].
The vast majority of cervical motion during glottic visualization
and intubation with conventional laryngoscopy using a Macin-
tosh blade is produced at the occipito-atlantal and atlanto-axial
joints [43]. The subaxial cervical segments are only minimally
displaced. It is well known that immobilization of the C-spine
results in a higher incidence of difficulty with visualization of
the vocal cords when using conventional laryngoscopy. This is
because optimal alignment of the airway axes requires a certain
amount of cervical segmental and rotational motion, which is
prevented by immobilization techniques. For example, Nolan
and Wilson [22] showed that immobilization of the C-spine
resulted in a 22 percent incidence of grade III views, and reduced
the optimal view of the larynx in 45 percent of patients. Use of a
gum elastic bougie is invaluable whenever a grade III view of the
glottis is encountered. While performing direct laryngoscopy,
the operator maintains adequate force to keep the epiglottis in
view. The bougie is then introduced by the operator and gently
advanced anteriorly under the epiglottis and into the trachea.
Often, tracheal clicks will be felt. With the operator still main-
taining laryngoscopic force, the assistant threads the ETT over
the bougie. The ETT may need to be rotated 90◦ to facilitate
its passage through the glottis. Intratracheal placement is con-
firmed with PETCO2 detection.

Rigid fiberoptic laryngoscopy with anatomically shaped
blades such as the Bullard laryngoscope and Wuscope are reli-
able techniques to visualize the glottis and intubate the trachea
in patients with known or suspected C-spine trauma [45, 46].
Unlike conventional laryngoscopy, the Bullard and Wuscope
devices do not require head and neck movement to obtain
a Grade I view of the vocal cords [44–47]. Alternatively, the
McCoy levering laryngoscope or Heine CL flex tip blade can
be used. This is a modified Macintosh laryngoscope that has a
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Figure 2.38. ASA difficult airway algorithm applied to closed-head injury/intoxication. (Wilson WC. Trauma: airway management. ASA difficult
airway algorithm modified for trauma – and five common trauma intubation scenarios. ASA Newsletter 2005;69(11):12; with permission.) GCS,
Glasgow coma scale; RSI, rapid sequence intubation; CPP, cerebral perfusion pressure; PPV, positive pressure ventilation; ASA, American Society of
Anesthesiologists.
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Figure 2.39. ASA difficult airway algorithm applied to cervical spine injury. (Wilson WC. Trauma: airway man-
agement. ASA difficult airway algorithm modified for trauma – and five common trauma intubation scenar-
ios. ASA Newsletter 2005;69(11):13; with permission.) DA, difficult airway; SV, spontaneous ventilation; SCI,
spinal cord injury; RSI, rapid sequence intubation; GA, general anesthesia; FOB, fiberoptic bronchoscopy; ASA,
American Society of Anesthesiologists.
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Table 2.10: Airway Considerations for Patients with Known or Suspected Cervical Spine Injuries

Cervical Spine Injury
Considerations Airway Manipulation Implications

Must not move the neck ■ Maintain in-line immobilization.
■ Consider use of intubation technique other than conventional

laryngoscopy (e.g., FOB, Bullard, Wuscope, McCoy blade, light
wand, Glidescope)

■ Routine use of gum-elastic bougie if rigid laryngoscopy technique
chosen

■ Other concerns similar to any other patient with no neck range of
motion.

Concomitant airway risks ■ Awake technique if otherwise high risk (HMD <6 cm, Mallampati
Class IV)

■ If otherwise low risk, awake or general anesthesia techniques are
equal in terms of neurologic outcome, as long as the neck remains
immobilized

Selection of awake technique ■ If an awake technique chosen, the specific methodology does not
appear to affect outcome, providing the anesthesiologist is
proficient in using the instrumentation.

Aspiration prophylaxis ■ If awake technique chosen, no increase in aspiration has been
documented.

■ If RSI chosen, maintain cricoid pressure

HMD, hyomental distance; GA, general anesthesia; FOB, fiberoptic bronchoscope; RSI, rapid sequence intubation.

hinged tip controlled by a lever on the handle. The hinged tip
allows the epiglottis to be elevated without requiring excessive
lifting force. The McCoy levering laryngoscope has been shown
to improve laryngeal visualization in patients whose necks can-
not be extended [48–50]. The lightwand and Glidescope have
also been used successfully in patients with difficult airways and
C-spine disorders and have a high success rates in experienced
hands [14a, 14b, 14c].

For patients with known or suspected C-spine injuries
undergoing RSI, cricoid pressure can be maintained by an assis-
tant utilizing a single- or two-handed method. For the single-
handed method, cricoid pressure is done by placing the thumb
and middle finger on either side of the cricoid cartilage and the
index finger above, thereby preventing lateral movement of the
signet-shaped cricoid cartilage. With the two-handed method,
the assistant uses one hand to support the back of the neck and
the other hand to apply firm pressure on the cricoid cartilage
(Sellick maneuver) [51, 52].

Airway Disruption
Airway disruption is defined as any interruption of air-

way integrity due to either blunt or penetrating trauma. The
literature provides little guidance for emergency airway man-
agement of patients with airway disruption because these
injuries are relatively uncommon, occurring in only 14 per-
cent of penetrating neck trauma cases. Thus, most studies are
retrospective [53]. The diversity of concomitant injuries and the
hemodynamic status of the patient make universal recommen-
dations difficult as well. Shearer and Giesecke reviewed their
experience with 107 patients with penetrating neck trauma
requiring definitive airway management at Parkland Memo-
rial Hospital and found that neither the zone of injury nor the

mechanism correlated with degree of intubation difficulty or
the primary choice of surgical airway [54].

Despite the inherent complexity of managing airway dis-
ruptions, the ASA algorithm is useful (Figure 2.40). If the airway
injury is large or subglottic, an awake technique under direct
vision is indicated (surgical airway or FOB intubation). If the
disruption is very small or supraglottic, then the technique cho-
sen is less critical. Importantly, whatever technique is selected,
the clinician must avoid applying positive pressure ventilation
proximal to the injury because this could convert a relatively
small tear into a large or complete airway disruption and cause
mediastinal air.

Awake intubation, with spontaneous ventilation, is indi-
cated for a major airway tear because this avoids exposing the
disruption to positive pressure ventilation. Positive pressure
ventilation can cause further injury to the airway and increase
the likelihood that air will dissect into the mediastinal tissues
(i.e., mediastinal emphysema) with resultant obliteration of
neck landmarks and impossibility of performing a surgical air-
way. Furthermore, the airway may be held together by muscle
tone in the strap muscles along the airway, which is lost in an
RSI technique with muscle paralysis. The FOB-assisted intu-
bation is the awake technique of choice because it allows for
visualization of airway disruption (diagnosis) as well as assured
placement of the ETT cuff distal to the disruption (treatment).
A double lumen endobronchial tube can be placed using an
awake technique under fiberoptic guidance in cases of a small
distal unilateral bronchial disruption. Figure 2.40 shows the
awake limb of the ASA algorithm applied to the problem of
airway disruption.

In general, intubation by conventional laryngoscopy should
not be the primary technique for a subglottic disruption because
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the ETT could pass out the disruption into the mediastinum,
worsening or completing the disruption. Ideally, one would like
to maintain a view of the airway (FOB, surgical airway). Use of a
FOB may be problematic if the airway is grossly bloody. Finally,
in addition, a complex distal tear may require cardiopulmonary
support or bypass for resuscitation or definitive treatment if
concomitant vascular injury is present [55, 56]. Disruptions
limited primarily to the airway can usually be repaired using a
double-lumen tube (see Chapter 19).

The anesthetized limb of the ASA algorithm (Figure 2.40)
applies to the problem of airway disruption when the tear can be
easily bypassed by conventional intubation or the patient has a
major tear but refuses an awake intubation. In this case the neck
should be prepped and landmarks identified, and the surgeon
gloved and gowned prior to intubation so that the surgeon may
quickly perform a surgical airway if difficulty is encountered
following induction.

A patient with a small, easily bypassed tear can be intu-
bated by conventional means. Whereas, a patient with a large
tear, undergoing general anesthesia, should maintain sponta-
neous ventilation. Intubation options following the awake limb
of the ASA algorithm should be utilized. If the cannot intubate–
cannot ventilate situation arises, TTJV is contraindicated, as are
supraglottic ventilatory techniques such as the LMA and Com-
bitube. These methods will expose the disruption to positive
pressure ventilation leading to possible complete disruption,
mediastinal emphysema, tension pneumothorax, or massive
subcutaneous emphysema. Thus, if a cannot intubate–cannot
ventilate situation arises in a patient with a subglottic airway
disruption, one should go immediately to a surgical airway
and be prepared for cardiolpulmonary bypass if the tear is dis-
tal. Finally, with open gaping neck wounds (e.g., knife, metal,
glass) that transect the trachea, direct tracheal intubation via
the wound is an appropriate first choice.

Maxillofacial Trauma
Maxillofacial injuries are rarely life-threatening unless asso-

ciated with airway obstruction or hemodynamic instability (see
Chapter 27). Mask ventilation may be made more difficult by
maxillofacial or mandibular injuries, even though intubation
is typically achievable. Airway management priorities for max-
illary facial trauma are shown in Figure 2.41. Airway obstruc-
tion can occur due to pharyngeal blood clots, vomitus, loose
teeth, dentures, or posterior displacement of the tongue and
periglottic soft tissue, especially with bilateral mandibular frac-
tures. Zygoma or zygomatic arch fractures can impinge on the
coronoid process of the mandibular ramus, limiting mouth
opening. Nearly a century ago, Le Fort described three facial
fracture patterns that have some anesthetic significance today
[57]. Le Fort II and III fractures are associated with disruption
of the cribriform plate, and nasally placed objects can enter the
brain as has occurred with nasogastric tubes and endotracheal
tubes. Because disruption of the cribriform plate is very dif-
ficult to rule out in the acute setting, any evidence of a basal
skull fracture or Le Fort II or III fracture such as periorbital
hematomas resembling “raccoon-eyes,” hemotympanum, Bat-
tle’s sign (ecchymosis overlying the mastoid process), or cere-
brospinal fluid (CSF) rhinorrhea should be presumed to involve
cribriform plate disruption. The presence of CSF rhinorrhea or
otorrhea, should caution against prolonged positive pressure
ventilation by mask. Positive pressure ventilation via a mask may

force air across the site of the CSF leakage, resulting in a pneu-
mocephalus [58]. Because the possibility of causing meningitis
or further brain injury by blindly forcing a nasally placed object
into the cranial vault, blind manipulations are contraindicated.
However, nasal intubations under FOB guidance are acceptable
provided that the fracture does not cross the midline or that the
cribiform plate is intact on imaging studies. Indeed, Bahr and
Stoll reported a series of 160 patients with frontobasilar frac-
tures and documented CSF leak and there was no difference
in postoperative complications including meningitis regardless
of the route of intubation (oral vs nasal) [59]. Another poten-
tial consideration in patients suffering from Le Fort II and III
fractures is airway obstruction. This can occur when a maxillary
fragment becomes dislodged posteriorly obstructing the airway.

The first decision that needs to be made is whether the injury
is life-threatening (Figure 2.41). If it is not, the condition can
be treated in a nonemergent mode and time can be taken to
plan appropriately. If the fracture is life-threatening, then first
priorities are airway and breathing followed by intubation logic
that takes into consideration the need to wire the mandible to
the maxilla. Oral intubation followed by elective change over
to a nasally placed ETT tube or a tracheostomy is appropriate.

For non-life-threatening maxillary/mandibular fractures,
the intubation strategy outlined by the basic ASA algorithm
works well. General anesthesia can be induced if the intuba-
tion is predictably easy; whereas, when intubation difficulty
is expected, the trachea should be intubated awake as long as
the patient is cooperative, stable, and spontaneously ventilat-
ing. Regardless of the specific intubation technique utilized, the
need to wire the maxilla to the mandible (intermaxillary fixa-
tion) must be considered. Thus, a nasal technique should be
performed in the absence of maxillary fractures. If significant
bilateral nasal or maxillary injuries are present, the patient may
undergo topicalized awake FOB-guided nasal intubation.

Airway Compression
The airway can be externally compressed by an expand-

ing hematoma, hemorrhage from a major vascular injury
(blunt or penetrating trauma), or large abscess. As with max-
illary/mandibular fractures, the first determination is whether
the condition is life threatening. If the situation is life threat-
ening, then one should consider whether airway manipulation
might dislodge a clot and further compromise the airway (Fig-
ure 2.42). Oral tracheal intubation may be difficult and there-
fore unwise. A surgical airway is often the best choice.

If there is extrinsic airway compression from hematoma,
swelling, and abscess is not life-threatening, then the basic dif-
ficult airway algorithm applies. Regardless of the intubation
technique performed, the anesthesiologist must avoid disturb-
ing a mass compressing the airway, and the lesion must not be
allowed to obscure the view of the airway [60]. Thus, a FOB-
guided technique is often the best choice. The trauma anesthe-
siologist must be willing to proceed to a surgical airway if the
mass is obscuring the view of the airway.

Table 2.11 serves as a summary of the major points per-
tinent to the various trauma difficult airway clinical scenarios
[61]. The plan for securing the airway of the trauma patient
must minimize the risks of airway loss, aspiration, and hemo-
dynamic compromise. The priority list must be reorganized
as the patient’s condition changes. If there is any concern
that the patient’s airway will be difficult to mask ventilate or
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Figure 2.40. ASA difficult airway algorithm applied to airway disruption. (Wilson WC. Trauma: airway management. ASA difficult airway algorithm
modified for trauma – and five common trauma intubation scenarios. ASA Newsletter 2005;69(11):14; with permission.) SV, spontaneous ventila-
tion; ETT, endotracheal tube; RSI, rapid sequence intubation; TTJV, transtracheal jet ventilation; LMA, laryngeal mask airway; DLT, double-lumen
endobronchial tube; SLT, single lumen endotracheal tube; CPB, cardiopulmonary bypass; ASA, American Society of Anesthesiologists.
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B.   Direct laryngoscopy often 
      easy even if MV difficult. 
C.   FOB only if blood & 
      secretions controlled.

Figure 2.41. ASA difficult airway algorithm applied to maxillary-facial trauma. (Wilson WC. Trauma: airway management. ASA difficult airway
algorithm modified for trauma – and five common trauma intubation scenarios. ASA Newsletter 2005;69(11):15; with permission.) DA, difficult
airway; ETT, endotracheal tube; MV, mask ventilation; CSF, cerebrospinal fluid; SV, spontaneous ventilation; FOB, fiberoptic bronchoscopy; OP,
oropharyngeal airway; NP, nasopharyngeal airway; ASA, American Society of Anesthesiologists.
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Figure 2.42. ASA difficult airway algorithm applied to airway compression. (Wilson WC. Trauma: airway management. ASA difficult airway algorithm
modified for trauma – and five common trauma intubation scenarios. ASA Newsletter 2005;69(11):16; with permission.) FOB, fiberoptic bronchoscopy;
SV, spontaneous ventilation; GA, general anesthesia; RSI, rapid sequence intubation; ETT, endotracheal tube; LMA, laryngeal mask airway; ETC,
Combitube; TTJV, transtracheal jet ventilation; ASA, American Society of Anesthesiologists.
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Table 2.11: Overview of Airway Considerations for Specific Trauma Scenarios

1. Abdominal or extremity trauma:
(No head, neck, maxillofacial, or
chest trauma, and stable patient)

ASA DA algorithm applies
■ Airway concerns supercede aspiration issues

2. Closed head injury (GCS < 9): Anesthetized limb of algorithm (Figure 2.38)
■ Ventilate to normocarbia
■ Expeditiously secure definitive airway
■ Maintain CPP >70 mm Hg

3. Cervical spine injury: C-spine airway algorithm (Figure 2.39)
■ Awake technique if otherwise high risk

(HMD <6 cm, Mallampati Class IV)
■ IF otherwise low risk, awake or GA technique are the same

in terms of neurologic outcome, as long as the neck
remains immobilized

4. Airway disruption: Airway disruption algorithm (Figure 2.40)
■ Goal is to get below the tear
■ Don’t ventilate proximal to disruption∗

5. Maxillary-mandibular fractures: Max-mandibular fracture algorithm (Figure 2.41)
■ IF emergency, RSI with laryngoscope or TTJV, LMA
■ IF nonurgent, nasal FOB acceptable providing the airways

can be visualized in entirety.
■ Ultimate plan considers need for IMF∗

6. Extrinsic Airway Compression: Extrinsic compression algorithm (Figure 2.42)
■ Decide on urgency
■ Need to avoid, and get around the mass∗

∗Surgical airway may be the first, best choice.

ASA, American Society of Anesthesiologists; DA, Difficult Airway; GCS, Glasgow Coma Scale; CPP, cerebral perfusion

pressure; HMD, hyomental distance; GA, general anesthesia; RSI, rapid sequence induction; TTJV, transtracheal jet

ventilation; LMA, laryngeal mask airway; IMF, intermaxillary fixation.

intubate, an awake technique with spontaneous ventilation
should be considered. Alternative plans must have been thought
out beforehand and be physically ready to go. In some cases,
the best first choice is a surgical airway.

E M E R G E N C Y I N T U B AT I O N
C O M P L I C AT I O N S

Complications of emergency trauma airway management are
numerous. However, there are six life-threatening emergency
airway complications that must be avoided when managing
airways of critically ill patients: (1) failure to intubate/ventilate,
(2) unrecognized esophageal intubation, (3) creating or exac-
erbating a C-spine injury, (4) causing a partial airway tear to
become a complete transected airway, (5) aspiration of gastric
contents, and (6) hemodynamic compromise. We will examine
each of these pitfalls in turn.

Failure to Intubate or Ventilate

Failure to maintain a patent airway for more than a few min-
utes can lead to brain damage or death and is the single most
common cause of anesthesia-related morbidity and mortality
[62]. Trauma patients in cardiorespiratory failure are at an even
higher risk because they are starting out with a more com-
promised hemodynamic and respiratory status than elective
patients in the operating room. Furthermore, difficulty can

occur because proper equipment and help may be missing. The
ASA algorithm was developed by a task force of academic clin-
icians with the goal of reducing airway-related catastrophes.
Although not specifically created for emergency situations, the
algorithm provides logical guidance for emergency airway man-
agement of the cannot intubate–cannot ventilate situation, as
reviewed in detail beforehand.

Unrecognized Esophageal Intubation

An esophageal intubation is not an error of commission; it is an
error of omission – that is, failure to recognize it. Once the air-
way is secure, confirmation of placement and ventilation must
occur immediately. Depending on the patient’s underlying con-
dition, confirmation of ETT position can be complicated and
can lead to disastrous results, if not properly verified. ETT con-
firmation techniques can be characterized as direct and indirect
methods [63, 64].

Direct Confirmation of Intratracheal Position
Direct vision of the ETT passing through the cords is con-

sidered “the gold standard.” The only foolproof techniques for
confirming an endotracheal position are seeing the tube pass
through the cords and looking through the ETT and visualizing
the tracheal rings with a FOB, or in penetrating neck trauma,
the trachea may be exposed and the tube can be placed inside
under direct vision.
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Indirect Confirmation of Intratracheal Position
All of the usual clinical end points are indirect meth-

ods and error-prone including: auscultating equal bilateral
breath sounds, observing symmetrical chest rise, and fogging
of the ETT. Two specific indirect methods for determining
ETT position are utilized for all trauma intubations. These
include PETCO2 measurement and the esophageal detector
device (EDD).

End-Tidal CO2 Measurement
The PETCO2 can be detected by capnography or by a

portable calorimetric device made by Nellcor™ Puritan Ben-
nett called the Easy Cap II. These devices are good predictors
of esophageal intubation in patients with normal cardiovascu-
lar status. However, in code situations with little or no cardiac
output [65], very little blood will traverse the pulmonary cir-
culation and consequently very little CO2 will be exhaled with
each breath and be available to be detected. Indeed, PETCO2 has
been used to quantify the efficacy of CPR [66].

Conversely, patients with high levels of CO2 in their stom-
ach (from sodium bicarbonate, NaHCO3, or soft drinks) can
give a false-positive test on the first few breaths. After six breaths,
esophageal/gastric CO2 levels drop. Barring these two relatively
rare events, PETCO2 measurement is a reliable indication of
intratracheal placement of the ETT and should be used to con-
firm all intubations.

The Wee esophageal detector device, composed of an Ellicks
evacuator applied to the supposed “tracheal” tube, has proved
to be highly sensitive and specific for detection of esophageal
intubation (Figure 2.43) [67]. If the tube is in the esophagus,
the deflated bulb fails to reexpand when released, because suc-
tion applied to the esophageal wall causes the mucosa to close
in on and obstruct the ETT. In contrast, when the tube is in
the trachea, air flows out of the lungs into the trachea and rein-
flates the bulb because the tracheal rings keep the airways from
collapsing around the ETT [67]. False negatives and false pos-
itives with the esophageal detector device have been described
in morbidly obese patients and those with severe asthma.

Hemodynamic Compromise

Trauma patients may be hovering on the edge of cardiopul-
monary arrest from the primary process. Also, they may
be at risk from the elevated circulating catecholamines that
increase myocardial O2 consumption and systemic vascular
resistance (except in the rare circumstance of concomitant ana-
phylaxis, sepsis, or drug overdose). Furthermore, elevated cat-
echolamines and PaCO2 (if respiratory failure is present) sen-
sitize the myocardium to ventricular ectopy.

More importantly, the elevated catecholamines tend to sup-
port the patient’s blood pressure prior to intubation. Therefore,
the cardiovascular system of the critically ill patient frequently
requires some exogenous catecholamine or vasopressor support
during or after intubation. This support can come in the form
of pharmacologic therapy or intravascular volume expansion.
Hypotension following emergent intubation occurs secondary
to lysis of endogenous catecholamine output and due to the
heart-lung interactions of positive pressure ventilation, espe-
cially in hypovolemic patients.

Causes of Preinduction Increases of Catecholamines
Prior to induction and intubation of trauma patients, a

hyperadrenergic state exists serving to buoy the patient’s blood

Figure 2.43. Collapsed self-inflating bulbs (SIBs) were connected simul-
taneously to tracheally and esophageally placed tubes. The SIB connected
to the tube in the trachea instantaneously reinflated, while the SIB con-
nected to the tube in the esophagus remained collapsed. (From Salem
MR, Wafai Y, Joseph NJ, et al. Efficacy of the self-inflating bulb in detect-
ing esophageal intubation. Does the presence of a nasogastric tube or cuff
deflation make a difference? Anesthesiology 1994;80:42–8; with permis-
sion.)

pressure. Several factors promote this hyperadrenergic state
through increased endogenous catecholamine elaboration: (1)
stress and anxiety due to fear of dying and dyspnea, (2) pain,
(3) elevated PaCO2 (respiratory failure), (4) circulatory failure,
and (5) hypovolemia and hemorrhage.

Causes of Hypotension Following Induction
and Intubation

The hypotensive response can be attributed to four factors.

L O S S O F C O N S C I O U S N E S S ( D E C R E A S E I N

S Y M PAT H E T I C T O N E )

All induction drugs such as etomidate, ketamine, propofol,
and thiopental lead to a loss of consciousness and thereby a
loss of preinduction stress-, fear-, and anxiety-mediated cate-
cholamine production. Loss of this catecholamine elaboration
can cause hypotension.

D I R E C T M YO C A R D I A L D E P R E S S I O N

A N D VA S O D I L AT I O N

Thiopental and propofol cause direct myocardial depres-
sion and decreased systemic vascular resistance. Etomi-
date is associated with very little myocardial depression.
Ketamine causes some myocardial depression but its sympath-
omimetic effect usually maintains or increases blood pressure,
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providing the patient is not already secreting the maximal
amount of endogenous catecholamines.

D E C R E A S E D R I G H T V E N T R I C U L A R P R E L OA D A N D

I N C R E A S E D R I G H T V E N T R I C U L A R A F T E R L OA D

Positive pressure ventilation will decrease venous return
to the right heart and thus decrease preload and increase right
ventricular afterload when alveolar pressure is greater than pul-
monary capillary pressure. These changes, in turn, decrease fill-
ing of the left heart, tending to decrease stroke volume. These
effects are especially pronounced when the patient is intravas-
cularly volume depleted.

D E C R E A S E D P a C O2

Hyperventilation will blow off the previously elevated
PaCO2, resulting in a further decrement in the stimulus for
catecholamine release. The combination of hypovolemia with
now decreased endogenous catecholamine elaboration along
with mechanical factors inhibiting cardiac output such as pos-
itive pressure ventilation can lead to catastrophic hypotension.

Techniques to Limit Hypotension Following Intubation
Avoid using an RSI technique when not necessary. A patient

with an obvious difficult airway and full stomach can be intu-
bated awake unless they are uncooperative or hemodynami-
cally unstable. The use of smaller than usual doses of induction
drugs may be helpful. Propofol and thiopental are best avoided
in hypotensive unstable patients (see Chapter 8). If the airway
is expected to be difficult to intubate, spontaneous ventilation
with cricoid pressure can be done (e.g., debilitated patients,
pericardial tamponade). Pretreatment with a fluid load may
be helpful unless there is myocardial ischemia related to high
preload. Vasopressors should be drawn up and immediately
available for administration. Hyperventilation after intubation
is best avoided.

Aspiration of Gastric Contents

The severity of gastric aspiration is a function of the volume,
pH, and nature of material aspirated. Patients at high risk for
aspiration should either receive an RSI or have an awake, topi-
calized intubation technique.

The purpose of RSI with cricoid pressure is to seal the airway
with a cuffed ETT as soon as possible after the loss of airway
reflexes. Death can occur when the concern for a full stom-
ach supersedes more important issues such as difficult airway,
partial airway transection, and severe hypovolemia.

Creating a Cervical Spine Injury in a Patient with an
Unstable Neck

The head and neck should remain neutral with in-line immo-
bilization during trauma airway management. As we consider
manipulations to maintain airway patency or place an ETT, we
must consider the trauma patient to have an unstable C-spine
unless otherwise determined. Radiographic C-spine clearance
should be achieved prior to airway management whenever pos-
sible. Awake FOB-guided technique is recommended if the
patient is awake, cooperative, and stable with a known C-spine
injury.

E Y E T O T H E F U T U R E

Preparation is the first step in management of the difficult
trauma airway. Oxygen should be immediately applied for the
duration of the assessment and treatment phase. The code bag
should have all the necessary airway equipment for securing
the airway of the most difficult patient. If possible, a com-
plete history and eleven-step airway evaluation is completed
to elicit any predictors of difficult ventilation and intubation.
In the absence of such an opportunity, an abbreviated exam
of the upper incisors, mandibular space, thyromental distance,
neck length, and neck thickness can briefly assess relative diffi-
culty in the noncooperative patient. If the airway is deemed
to be difficult, an awake intubation should be planned in
the cooperative, stable, and spontaneously ventilated patient.
(Table 2.11)

Regardless of technique, every intubation begins with the
appropriate patient preparation and positioning. The optimal
position is the sniffing position for RSI or the head elevated to
45 degrees for an awake topicalized FOB technique. However,
the many trauma patients with suspected cervical and lumbar
spine injuries, in-line immobilization and full spine precautions
dictate that the patient must remain flat and secure on the
resuscitation table.

Ventilation is achieved with the appropriately sized mask
and with the aid of oropharyngeal or nasopharyngeal airways
and jaw thrust when indicated. In the cannot intubate–cannot
ventilate situation, the use of LMA, Combitube, TTJV, rigid ven-
tilating bronchoscope, or a surgical airway is indicated. Direct
laryngoscopy and intubation is achieved with in-line cervi-
cal immobilization and cricoid pressure in a standard RSI or
modified RSI technique with spontaneous or assisted ventila-
tion.

With the introduction of the ASA difficult airway algorithm,
the number of ASA closed claims for malpractice grievances
has decreased dramatically and difficult airway management
has improved significantly [2]. In addition to institution of the
trauma difficult airway algorithm, new modalities are necessary
to improve the management of the difficult airway in trauma.
The future promises new developments in airway management
including new tools with fiberoptic technology for better direct
visualization of the airway when placing an ETT.

Technologic advances will work to improve patient safety
in trauma airway management. Intubating imaging stylets and
rigid fiberoptic and video laryngoscopes enable the practitioner
to visualize the airway throughout the entire procedure. The
LMA, an established conduit for a FOB-assisted endotracheal
placement, is being used to place Aintree intubation catheters
that serve as airway exchange catheters facilitating placement
of a large sized ETT [68]. However, in most trauma airway
scenarios blind manipulation is not recommended.

The Cookgas® intubating laryngeal airway, without the
epiglottic elevating bar, is used to allow the FOB, preloaded with
a standard sized ETT, to pass through the intubating laryngeal
airway’s elliptically shaped aperture into the trachea [69]. This
obviates the need for an airway exchange catheter to place a
larger sized tube. The Cookgas® device has three major advan-
tages over the regular LMA for use as an intubation conduit:
(1) one can place a standard size tube (i.e., 7.5–8.5) with ade-
quate length, (2) it allows an ETT one size larger than the LMA
(Table 2.5), and (3) the Cookgas® device is easy to remove over
the standard ETT.
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Similarly, the LMA CTrach™ is a laryngeal mask system
that enables viewing of the larynx and aids endotracheal intu-
bation through the LMA. It consists of an LMA CTrach™ with
integrated fiberoptic channels and an LMA CTrach™ viewer.
The CTrach™ facilitates ventilation and allows for endotracheal
intubation under direct vision [70].

One of the major factors in appropriate management of the
difficult airway is appropriate skill and experience of the air-
way manager. With the introduction of the mannequins and
simulators, ample opportunity to utilize and practice the dif-
ferent airway modalities discussed in the difficult airway algo-
rithm is available. The development and widespread availability
of mannequins with renewable cricothyroid membranes would
provide much needed training in cricothyroidotomy and TTJV.

Also, computerized simulators can be programmed for
diverse scenarios and provide a safe, reproducible training envi-
ronment [71]. The introduction of simulators is being used to
educate resident staff in addition to others who are involved
in managing the airway to utilize all the appropriate tools
and to follow the necessary steps in approaching the diffi-
cult airway. Practice with bag-mask ventilation, LMA place-
ment, oropharyngeal/nasopharyngeal airways, and endotra-
cheal intubation are easily performed with simulators [72].
Multiple small prospective studies have shown a decrement in
management problems with the use of the simulator. However,
further studies are needed to determine the utility of the simu-
lator in assimilating a trauma difficult airway [73].

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following statements regarding O2 adminis-
tration is false?

a. O2 should be immediately applied as soon as the trauma
patient is encountered by the anesthesia care team, either
in the field or in the emergency department.

b. O2 should be administered throughout the trauma
assessment and treatment phase.

c. The administration of O2 serves to increase the con-
centration of carboxyhemoglobin following inhalational
smoke injury.

d. Optimum preoxygenation requires that 100% O2 be
delivered by a tight fitting mask during spontaneous ven-
tilation for 3 to 5 minutes prior to administering drugs
that cause apnea.

2. Which of following statements regarding cervical spine (C-
spine) injuries and trauma is false?

a. The “sniffing position” is contraindicated whenever C-
spine injury is suspected. In these patients, in-line and
immobilization of the head and neck is maintained
throughout airway manipulation.

b. In-line traction is superior to in-line immobilization.
c. When the C-spine is known or suspected to be unsta-

ble and the patient is awake, cooperative, and otherwise
stable, an awake intubation (e.g., with a fiberoptic bron-
choscope) should be pursued.

d. When the patient requires a definitive airway and is
uncooperative and/or hemodynamically unstable, tra-
cheal intubation should proceed using general anesthe-
sia even though the patient may be suspected of having
a C-spine fracture or injury.

3. Which of the following statements regarding trauma intu-
bation is false?

a. Rapid sequence intubation (RSI) techniques were devel-
oped to minimize the likelihood of regurgitation and
aspiration.

b. The RSI technique can be modified to allow institution
of bag-valve-mask ventilation (with concomitant cricoid
pressure) prior to placement of the ETT in patients at risk
for arterial desaturation during apnea.

c. Allowing spontaneous ventilation (SV) to be maintained
(with concomitant cricoid pressure) during placement
of the ETT is a suitable technique in patients with stri-
dor, expanding airway hematomas, or with partial airway
tears.

d. The RSI technique is required in all trauma patients
because they all should be considered to have a full stom-
ach.

4. True or False? – Awake tracheal intubation, with spon-
taneous ventilation, is indicated for a major airway tear
because this avoids exposing the disruption to positive pres-
sure ventilation.

5. True or False? – An awake intubation technique is recom-
mended for trauma patients with known or anticipated dif-
ficult airways provided they are cooperative, stable, spon-
taneously ventilating, and time allows.

6. True or False? – When airway injuries involve a tear between
the glottis and the distal tracheo-bronchial tree, TTJV
is absolutely contraindicated because the positive pres-
sure ventilation can cause a pneumothorax, pneumome-
diastinum, or even convert a partial airway tear into a com-
plete airway separation.

7. True or False? – Mask ventilation can be made more diffi-
cult by maxillary facial or mandibular injuries, but tracheal
intubation is typically achievable.

8. True or False? – The laryngeal mask airway (LMA) is an
emergency aid used to establish ventilation in the cannot
intubate/cannot ventilate situation and can also serve as a
conduit for tracheal intubation once ventilation has been
established.

9. True or False? – Blind intubation techniques are contraindi-
cated in the setting of stridor, known mass expanding
lesions, or known partial airway injuries, because blind
manipulation can change a partial airway obstruction into
a complete obstruction.
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10. True or False? – Extreme caution is suggested when attempt-
ing to blindly pass an endotracheal tube through a function-
ing LMA in trauma patients due to the high blind passage
failure rate and the risk of doing harm to a tenuous air-
way (especially when there is evidence of neck swelling or
stridor).
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S H O C K M A N A G E M E N T

Richard P. Dutton

Objectives
1. Review the pathophysiology of shock in trauma.
2. Discuss the diagnosis and treatment of shock in the trauma patient.

I N T R O D U C T I O N

Shock is a systemic disease caused by inadequate tissue oxygen
delivery. Shock consists of both primary cellular injury due to
hypoperfusion and the secondary inflammatory response that
follows. Shock is a complication of many traumatic conditions
and is the cause of up to half of all deaths from trauma: 40
percent due to acute hemorrhage and up to 10 percent due to
multiple organ system failure long after the initial cause of shock
has been controlled [1]. This chapter describes the mechanisms
of injury that lead to shock, the pathophysiologic progression
of shock, the way in which shock is diagnosed and monitored,
and the ways in which shock is treated. The chapter concludes
with specific recommendations for resuscitation today, and a
brief survey of therapies that will be important in years to come.

PAT H O P H Y S I O L O G Y

Shock may result from any traumatic or nontraumatic process
that impairs the systemic delivery of oxygen, or that prevents its
normal uptake and utilization. Table 3.1 lists the causes of shock
in trauma patients, and although hemorrhage is the most com-
mon of these, it is by no means the only one. It is not unusual for
shock to result from the combination of multiple triggers. Hem-
orrhage, tension pneumothorax, and cardiac contusion can all
coexist in the patient with chest trauma, for example, with each
contributing to systemic hypoperfusion. Underlying medical
conditions can also play a part, with decompensation of dis-
eases such as diabetes and myocardial ischemia contributing to
decreased oxygen delivery, especially in older trauma patients.
The effects of alcohol, medications, and illicit drugs may also
contribute to a state of hypoperfusion and may block normal
compensatory mechanisms. Most of the discussion that follows
assumes that shock is occurring as the result of hemorrhage,
with systemic effects triggered by a lack of blood flow and oxy-

gen delivery. Shock arising from sepsis, poisoning, or chronic
cardiac failure may manifest somewhat differently, although
the fundamental pathology is the same and the final systemic
pathways are similar.

By whatever means it arises, the hallmark of shock is cellular
hypoperfusion. The cells of certain organ systems (e.g., skeletal
muscle, the gut) have a generous anaerobic capacity and can
tolerate periods of ischemia well, whereas other organs (e.g.,
the central nervous system) must have a continuous flow of
oxygen to survive. Shock must be defined, therefore, as a reduc-
tion of oxygen delivery below the threshold at which a cellular
response occurs. Shock may be triggered in oxygen-dependent
tissues like the brain – due to the catastrophic failure of oxy-
gen caused by an obstructed airway – even while skin and bone
and muscle are still functioning normally. Shock can also result
from prolonged absence of perfusion to skeletal muscle beds,
due to subacute hemorrhage, even in the presence of continued
cardiac and neurologic function. The “dose” of hypoperfusion
necessary to trigger shock is a function of both the depth of
hypoperfusion – the number of cells experiencing a loss of oxy-
genation – and the duration. Whatever the trigger, and whatever
the organ system that first becomes critically hypoperfused, the
subsequent course of shock is driven by a cascade of humoral
signaling and response that turns shock from a local condition
into a systemic one (Figure 3.1) [2]. It is important to recognize
shock as a disease that can continue even after the triggering
event has been corrected.

The cellular response to critical ischemia can take many
forms. Many cells (e.g., kidney, gut) can “hibernate” in the
absence of adequate oxygenation by ceasing to function and thus
reducing metabolic demand [3]. Other cells (cardiac muscle,
brain stem) do not have this option. Most cells will take up free
water as they become ischemic [4], perhaps as a means of buffer-
ing accumulated intracellular toxins and perhaps because of a
failure of energy-dependent membrane functions. This cellular
edema can itself be problematic if it further limits perfusion

5 5
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Table 3.1: Causes of Shock in the Trauma Patient

Cause Pathophysiology

Lost airway or pulmonary
injury

Inability of oxygen to reach the
circulation

Tension pneumothorax Diminished blood return to the heart

Cardiac tamponade Diminished blood return to the heart

Hemorrhage Inadequate oxygen-carrying capacity
Inadequate intravascular volume

Cardiac injury Inadequate pump function

Spinal cord injury Inappropriate vasodilatation
Inadequate pump function

Poisoning Direct failure of cellular metabolism;
Inappropriate vasodilatation

Sepsis Direct failure of cellular metabolism
Inappropriate vasodilatation

of adjoining cells, and the “no-reflow” phenomenon has been
identified as a cause of ongoing cellular hypoperfusion in the
liver even after the restoration of adequate systemic blood flow
[5]. As available oxygen drops even lower, cells become fatally
injured and will die. This can occur chaotically, in the form of
an infarction, or on a “programmed” basis known as apoptosis
in which the cell engages in a specific series of chemical steps
that result in its own death [6]. Apoptosis is primarily associated
with brain tissue, and may represent a planned triage process
intended to preserve limited oxygen supplies for more critical
cells at the expense of less critical ones.

Even before hypoperfusion has progressed to the point of
cellular ischemia, there will be local and systemic compensatory
actions intended to mitigate the damages. Injured blood ves-
sels vasoconstrict to limit hemorrhage, while collateral vessels
dilate to increase blood flow to ischemic tissues [7]. Perception
of blood loss, augmented by pain, causes a reflex increase in
sympathetic outflow from the central nervous system (CNS),
leading to increased chronotropy and inotropy of the heart, and
shunting of blood away from ischemia-tolerant vascular beds
and into the central circulation. This redirection of blood flow
allows for continued perfusion (and survival) of the brain and
cardiac muscle even with loss of substantial intravascular blood
volume. It is also this central shunting that creates the potential
for reperfusion injury. The sudden restoration of blood flow
to vascular beds that have been intensely vasoconstricted may
liberate large quantities of metabolic toxins, resulting in sudden
cardiac dysfunction or dysrhythmia [8].

Different organ systems react differently to hypoperfusion,
as listed briefly in Table 3.2 [9]. The brain and spinal cord, which
have limited capacity for anaerobic metabolism, will become
permanently injured in minutes if the flow of oxygen is limited.
Some degree of hibernation can occur as oxygen supplies drop
and with it the cerebral metabolic rate; this may explain the
changes in level of consciousness seen in progressive hemor-
rhagic shock, from normal to agitated to lethargic to comatose
[10]. Rapid cell death and infarction occur in areas of the brain

completely lacking in blood flow, whereas apoptosis may occur
in regions that are merely ischemic. Because the brain is the
most oxygen-sensitive tissue of the body, and because systemic
compensation functions to maintain brain perfusion for as long
as possible, permanent neurologic injuries short of death are
actually quite rare as a consequence of systemic shock and usu-
ally occur only when there are regional differences in blood flow
within the brain (i.e., from stroke or direct traumatic injury).

Cardiac function in shock is initially augmented, as part of
the systemic compensation for decreased oxygen delivery [11].
Heart rate and contractility increase, and coronary arterial flow
increases accordingly. As with the brain, it is rare for the heart to
be the sentinel organ for hypoperfusion unless the cessation of
oxygen delivery is rapid and complete, as with a lost airway. Evi-
dence of myocardial ischemia – elevated serum troponin levels,
ST segment changes on electrocardiogram – usually occur only
with direct myocardial injury (cardiac contusion) or underly-
ing severe atherosclerotic disease. As shock progresses, however,
cardiac dysfunction becomes more common. Increasing serum
acidosis has a negative inotropic effect, as do the hypothermia,
anemia, and hypocalcemia that result from rapid fluid resus-
citation. Progressive ischemia leads eventually to vascular sys-
tem failure, as vasoconstriction is an energy-dependent process
[12]. Inappropriate vasodilatation with a lack of response to
epinephrine is the hallmark of acute fatal shock and may occur
despite the rapid infusion of resuscitative fluid. In the patient
who achieves hemostasis and survives to reach the intensive care
unit (ICU), cardiac dysfunction may again be an issue caused by
agents of the systemic inflammatory response syndrome (SIRS)
or toxins released in association with septic episodes.

Although pulmonary tissue itself will always be exposed to
oxygen, the capillary beds of the lung serve an important role as
the “downstream filter” for the rest of the circulation. The lungs
are where acute shock affecting individual tissues and organs
becomes a systemic disease, because it is in the lungs that much
of the inflammatory up-regulation, in response to ischemia,
occurs [13]. Indeed, it has been shown that simple blood loss,
without the development of hypoperfusion, does not trigger
the same amplified response [14]. Accumulation of toxic by-
products leads to impairment of normal ventilation–perfusion
(V:Q) matching, with subsequent arterial desaturation, while
the progression of the inflammatory cascade impairs normal
membrane function and causes cellular edema and extracel-
lular extravasation of fluid. The lungs are the sentinel organ
for the development of multiple organ system failure, with the
need for mechanical ventilation as the first clinical sign of this
syndrome [15].

The splanchnic circulation is more ischemia tolerant than
the brain or heart. Kidney and gut cells have the ability to
conserve energy by limiting active membrane transport [16].
This leads to diminished urine output and an ileus in the
short term, but both of these conditions are reversible without
long-term consequences, if the dose of shock is small [17]. While
the gut and kidney shut down in response to hypoperfusion,
the liver and adrenals are part of the fight-or-flight response.
Serum catechol levels increase with adrenal stimulation, lead-
ing to increased release of glucose from the liver [18]. If shock
persists or deepens, these organs will become critically hypo-
perfused and will cease to function. Adrenal “exhaustion” is
often apparent in established shock, such as that from sepsis or
chronic cardiac failure [19]. Dysfunction of the liver is manifest
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Figure 3.1. The inflammatory cascade triggered by an episode of shock can turn an episode of local hypoperfusion into a systemic disease. Adapted
from Dutton RP. Management of traumatic shock. In Prough DS, Fleisher L, ed. Problems in Anesthesia: Trauma Care 13(3), London: Lippincott,
Williams and Wilkins. 2002.

first in loss of control over serum glucose levels, then in
increased levels of liver proteins – indicating cell death – and
finally in a loss of synthetic functions and persistent coagulopa-
thy [20]. Liver cells are prone to the no-reflow phenomenon and
may therefore contribute to the perpetuation of shock from
hemorrhage, even after the restoration of systemic blood vol-
ume. With increasing ischemia, renal cells will begin to fail,
leading to the development of acute tubular necrosis, and gut
cells will lose their ability to maintain a barrier between intralu-
minal contents and the circulation [27]. Translocation of bacte-
ria first to the liver and then to the lungs may play an important
role in the development of late shock and multiple organ system
failure [21]. Outright infarction of splanchnic organs is unusual
in traumatic shock and is almost always the result of a direct
arterial injury, but organ system dysfunction is common and
problematic.

Skin, muscle, and bone are the most ischemia-tolerant tis-
sues in the body, and therefore the organs that lose blood flow
first in response to shock. Reduction of blood flow to the skin
in response to hemorrhage causes the characteristic pallor of
the trauma victim and is associated with peripheral cooling
and diaphoresis [22]. Absorption of water from the vascular
and extravascular space was first established in ischemic mus-
cle cells, and it is this effect, occurring systemwide, that causes
a severely shocked individual to become massively edematous
(up to dozens of liters of positive fluid balance) in the first
days following injury [4]. Muscle cells can remain dormant for
extended periods in the resting individual, with only intermit-
tent blood flow to support basic metabolic needs. Even com-
plete ischemia, as with the use of a tourniquet during extremity
surgery, is tolerated without consequence for periods as long as
two hours [23]. It is this very ability to compensate, however,
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Table 3.2: Organ System Response to Ischemia

Organ System Moderate Ischemia Severe Ischemia

CNS Anxiety, then lethargy Coma, cellular apoptosis

Cardiovascular Vasoconstriction Vasodilatation
Increased cardiac output and rate Myocardial ischemia

Dysrhythmias

Pulmonary Increased respiratory rate V:Q mismatching
ARDS (if patient survives)

Renal Hibernation Acute tubular necrosis

Gastrointestinal Ileus Infarction
Loss of barrier function

Hepatic Increased glucose release No reflow
Reperfusion injury
Loss of synthetic function

Hematopoietic None Decreased cell production
Impaired immune function

CNS, central nervous system; ARDS, acute respiratory distress syndrome.

that makes the peripheral circulation the trigger for systemic
shock in situations of sustained low-level hypoperfusion. Hem-
orrhage sufficient to trigger peripheral vasoconstriction but not
severe enough to threaten the central circulation will leave the
patient with normal mentation and vital signs, but a slowly
accumulating metabolic debt. Eventually the toxic by-products
and inflammatory mediators that accumulate in the periphery
will make their way to the lung, triggering the same systemic
response.

The clinical outcome of traumatic shock from unchecked
hemorrhage, in a patient in the trauma center, follows one of
the four paths shown in Figure 3.2 [24]. In early hemorrhage,
reduced oxygen-carrying capacity is compensated by increased
heart rate and contractility, leading to increased cardiac out-
put. If hemorrhage is limited or rapidly controlled and fluid is
provided to restore intravascular volume and compensate for
extravascular losses, as in curve A, then there will be no long-
term effect on the patient. A greater duration or severity of
blood loss requires compensation by peripheral and splanch-
nic vasoconstriction. While effective at preserving core oxygen
delivery, this mechanism is inherently unstable as an “oxygen
debt” is now accumulating in these tissues. This is a patient who
requires rapid diagnosis and control of hemorrhage. If these
efforts are unsuccessful, the clinical course will follow curve B,
death from acute hemorrhagic shock. This is the patient who is
said to exsanguinate, although with modern intravenous infu-
sion technology, this is seldom strictly true. Rather, the state of
systemic hypoperfusion becomes so severe that vascular system
failure ensues, with inappropriate vasodilatation and loss of
responsiveness to pressor agents. Elements of the “lethal triad”
of acidosis, coagulopathy, and hypothermia will be apparent
despite aggressive efforts to prevent them [25]. At this point
shock is irreversibly severe and the patient will die of complete
cardiac failure, usually after the decision is made that further
transfusion therapy is futile.

Curves C and D represent the subtle middle ground of shock
progression, treatment, and long-term outcome. In both cases
control of hemorrhage occurs before the patient can “tip over”
into acute irreversible shock. Once bleeding is controlled, fluid
resuscitation can restore intravascular volume and macroper-
fusion to hypoperfused tissue. However, the dose of shock sus-
tained is large enough to trigger an inflammatory response in
susceptible patients, with significant long-term consequences.
The SIRS is characterized by fever and a hyperdynamic state in
the first few days following an episode of shock [26]. Organ sys-
tem failure postresuscitation almost always starts in the lungs,
with increased need for supplemental oxygen and an inabil-
ity to wean from the ventilator [15]. Renal failure is common
and may be severe enough to require hemofiltration or dialysis.
Gut function is impaired, with a protracted ileus and inability
to tolerate enteral feeding. Instability of serum glucose levels
and decreased clotting factor activity indicate liver dysfunc-
tion, while persistent anemia and recurrent septic episodes may
reflect a failure or dysfunction of the bone marrow [27]. The
development of SIRS and the degree of subsequent organ sys-
tem failure is a complex interaction of age, the degree of injury,
the nature and specificity of treatment, the patient’s underlying
genetic makeup, and the patient’s premorbid medical condition
(Table 3.3). In some patients (curve C) restoration of systemic
perfusion is followed by an “overshoot” period of high cardiac
output and limited and survivable organ system dysfunction. In
other patients (curve D) organ failure is more severe, repeated
episodes of sepsis occur, and the patient eventually succumbs to
a combination of respiratory failure and recurrent septic shock.

D I AG N O S I S

Given the potentially serious consequences of shock, rapid
diagnosis leading to rapid treatment is critical to improving
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Figure 3.2. Outcomes from an episode of hemorrhagic shock, expressed as the ratio of tissue oxygen delivery to demand. Curve A shows hemorrhage
within the range of compensation, with minimal tissue ischemia. Curve C shows a patient in whom hemorrhage is controlled short of death. Oxygen
delivery is restored, and an “overshoot” occurs as the patient becomes hyperdynamic. Curve D shows a similar patient, but one in whom the inflammatory
response to hemorrhagic shock becomes overwhelming. Despite resolution of hemorrhage short of death, the patient goes on to die of multiple organ
system failure after days to weeks in the ICU. Curve B shows severe hemorrhage, with physiologic decompensation and total systemic ischemia. This
is the patient who dies of acute shock in the emergency department or operating room.

outcomes. The Advanced Trauma Life Support (ATLS) curricu-
lum of the American College of Surgeons provides a common
language for trauma practitioners and a framework for organiz-
ing diagnostic and resuscitative efforts [28]. The ATLS approach
has become the standard for trauma centers and trauma train-
ing around the world. ATLS is arranged to look for and elimi-
nate the causes of shock in order of acuity, beginning with the
mechanics of oxygen delivery to the blood stream (A for air-
way and B for breathing). This is followed by an assessment of
oxygen delivery to the tissue level (C for circulation), with a
detailed search for any source of hemorrhage that might pro-
duce a progressive state of shock. Following the ABCs, a detailed
secondary survey of the patient is undertaken to identify neuro-
logic disability and specific injuries that will require later treat-
ment.

Diagnosis in the trauma patient begins with suspicion based
on the mechanism of injury. Any high-energy event (a fall
greater than 10 feet, motor vehicle collision, pedestrian or bicy-
clist struck, gun shot wound, industrial explosion) has the
potential to cause shock, and should prompt admission to a
trauma center and expert assessment. The first look at a patient
with one of these mechanisms of injury is often sufficient to

make the diagnosis. A patient in shock will appear pale, with
cool and diaphoretic skin. Injuries associated with blood loss
may be readily apparent: fractured long bones or deep lac-
erations. The patient’s mental status is also important, with
patients in shock progressing from normal to anxious to agi-
tated to lethargic to comatose as the disease progresses [10].
Initial vital signs are helpful, but not pathognomonic. Classi-
cally, the shocked patient will be hypotensive, although young
patients in particular have enormous capacity to vasoconstrict
and preserve a normal blood pressure. The key to recognizing
this phenomenon is often an abnormally narrow pulse pres-
sure (such as 140/115), especially when seen on an automated
noninvasive blood pressure system [29]. Based on one large
retrospective analysis, two-thirds of hypotensive patients will
also be tachycardic, but one third will not [30]. An even more
subtle indicator of peripheral hypoperfusion is the failure of
the pulse oximeter to function due to vasoconstriction of the
fingers. Table 3.4 lists these early characteristics of shock. If any
are present, then confirmatory laboratory testing should occur,
along with an aggressive search for an inciting cause such as
mechanical obstruction of blood flow, hemorrhage, or spinal
cord injury.
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Table 3.3: Factors Predisposing to the Systemic Inflammatory
Response Syndrome (SIRS) and the Development of the Acute
Respiratory Distress Syndrome (ARDS)

Depth and duration of hypoperfusion (“dose” of shock)
■ Predicted by maximum lactate level
■ Predicted by rate of clearance of lactate to normal

Quantity of blood products transfused

Underlying medical conditions
■ Long-bone fractures (fat/marrow embolus)
■ Traumatic brain injury
■ Aspiration prior to definitive airway
■ Chest contusion/injury

Greater patient age

Underlying medical conditions
■ Diabetes
■ Coronary artery disease
■ Chronic obstructive pulmonary disease
■ Autoimmune disease

Patient genetics

Laboratory tests are traditionally the most reliable indica-
tors of tissue hypoperfusion in early shock. The degree of shock
at any given moment is approximated by the base deficit mea-
sured on arterial blood gas, or by the pH when adjusted for
respiratory function. Metabolic acidosis in a trauma patient is
almost always the result of diminished perfusion. Serum lac-
tate is another sensitive marker for shock; because lactate is
cleared from the circulation more slowly than acidosis is cor-
rected, the lactate level is a good approximation of the total
dose of shock (i.e., the integral or “area under the curve” of
the severity of shock and the amount of time it has persisted).
Lactate level on admission is a sensitive predictor of outcome in
severely injured trauma patients, and the rate at which lactate
is cleared from the circulation is a good approximation of the
quality of resuscitation [31]. Because systemic compensation
can produce normal vital signs even following substantial blood
loss, metabolic acidosis or elevated lactate may be the first and
most sensitive indicators of hypoperfusion, especially in young
trauma patients. Similarly, a persistently elevated lactate level in
an ICU patient with stable vital signs following initial surgery
should raise the specter of the occult hypoperfusion syndrome
(i.e., unrecognized compensated shock) and should prompt a
more aggressive fluid resuscitation strategy [32].

A number of technologies have been proposed to provide
continuous monitoring of the depth of shock and the response
to therapy. To date, however, none has achieved the ideal com-
bination of sensitivity, rapid response, ease of use, and nonin-
vasiveness that would make it a standard of care. Mixed venous
oxygen saturation has been shown to correlate closely with per-
fusion and is rapidly responsive to changing conditions, but this
test requires placement of a central venous or pulmonary artery
catheter and thus is of most use outside of the initial resusci-
tation in patients who will require ICU care [33]. Continuous

Table 3.4: Early Signs and Symptoms of Shock

Visible evidence of blood loss or long-bone fracture

Anxiety, progressing to lethargy and coma

Pallor, diaphoresis

Decreased skin turgor

Hypotension with narrowed pulse pressure

Tachycardia

Nonfunctioning pulse oximeter

Decreased end-tidal CO2 after tracheal intubation (a late and severe
sign)

Hypotension or unusual sensitivity to standard doses of analgesic
or anesthetic medications

measurement of gastric mucosal pH (gastric tonometry) is sen-
sitive to the patient’s overall state of perfusion [34]. However,
because the monitor is cumbersome to use and requires careful
calibration and a certain amount of time to achieve a steady-
state equilibration; use of this device has largely been aban-
doned. A simpler version, based on rapid assessment of sublin-
gual carbon dioxide concentration, is under development but
not yet widely available [35]. Perhaps the most promising tech-
nology to date is near-infrared tissue oximetry of vulnerable
muscle beds, typically the thenar eminence of the hand. This
is a noninvasive device that is easy to use, and provides a value
for muscle-bed tissue saturation that correlates closely with the
mixed-venous oxygen saturation [36]. This tissue oxygenation
monitor has been used to guide the resuscitation of trauma
patients in the ICU with good results, but it has not yet been
tried in the highly dynamic period of emergency department
diagnosis and treatment.

The value of simple continuous observation should not be
underestimated. Trends in vital signs are more important than
the absolute values themselves, especially considering the wide
range of baseline physiologies seen in trauma patients. Even
more important is close observation of the patient’s response to
therapeutic interventions, as illustrated in Figure 3.3. Decreased
blood pressure in response to observed hemorrhage, in response
to a switch from spontaneous to positive pressure ventilation,
or after administration of sedative or analgesic medications all
indicate a state of critical hypovolemia and a patient who is close
to the limits of compensation. Similarly, an increased blood
pressure in response to an intravenous fluid bolus is an indica-
tor that the patient was hypovolemic to begin with. These effects
are used by the ATLS curriculum to make the useful classifica-
tion of hypotensive trauma patients as “responders,” “transient
responders,” and “nonresponders,” with clinical implications
as illustrated in Table 3.5 [28].

Finally, determination of the presence of shock is only a
portion of the diagnostic challenge. For therapy to be effec-
tive, the cause of shock must also be identified and corrected.
Shock as the result of airway obstruction or respiratory insuf-
ficiency will be rapidly corrected by tracheal intubation and
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Table 3.5: ATLS Classification of Shock, Based on the Response of a Hypotensive Patient to an Initial Fluid Bolus
(500 mL of Isotonic Crystalloid)

Category Response to Fluid Bolus Clinical Implications

Responder Increased and sustained improvement in blood Not actively bleeding
pressure Unlikely to require transfusion

Transient responder Increased blood pressure, followed by recurrent
hypotension

Actively bleeding
Should consider early transfusion

Nonresponder No improvement Must rule out other causes of shock
– Tension pneumothorax
– Cardiac tamponade
– High spinal cord injury
Likely active bleeding, with protracted or severe

hypoperfusion
Immediate transfusion, early use of plasma and platelets

ATLS, Advanced Trauma Life Support.

mechanical ventilation. Mechanical obstruction of blood flow
due to pneumothorax or tamponade will be identified by clin-
ical suspicion, physical examination, chest radiography, or
response to direct action (i.e., chest tube placement or emer-
gency department thoracotomy in the severely hypotensive or
moribund patient). Spinal cord injury will become apparent on
physical examination; hypoperfusion, due to decreased sym-
pathetic outflow and inappropriate vasodilatation, will almost
always be associated with loss of motor and sensory function at
a level of T-6 or higher [37]. Traumatic brain injury (TBI) by
itself should not produce a state of shock, but the presence of
TBI will complicate both diagnostic efforts and the course of
resuscitation. Ongoing hemorrhage is left as the cause of shock
that presents the greatest diagnostic challenge and is the subject
of much of the ATLS curriculum.

Bleeding sufficient to produce a lethal state of shock can
occur in one of five regions, as listed in Table 3.6 [38]. Each

Pain
Anxiety

Fluid
Blood products

Hemorrhage
Analgesia
Sedation
Positive pressure ventilation

Hypotension Hypertension

Figure 3.3. Hemodynamic “balance” in the hemorrhaging trauma
patient. Observation of the response to therapy is an important clue
to the presence of shock. Patients who become hypotensive in response
to positive-pressure ventilation or analgesic medication should be pre-
sumed to be hypovolemic until proved otherwise.

of these must be definitively examined in the victim of high-
energy trauma, and ongoing hemorrhage ruled out. Thoracic
hemorrhage is identified by plain film or computed tomogra-
phy (CT) imaging of the chest and quantified by placement of
a tube thoracostomy. Peritoneal hemorrhage is diagnosed by
the presence of free fluid on sonographic examination (FAST:
focused assessment by sonography in trauma) [39], or by CT
(in patients stable enough to undergo this test) or direct peri-
toneal lavage (in more austere environments). Retroperitoneal
bleeding is almost always the result of disruption of the pelvic
ring; this diagnosis is suggested by gross instability of the pelvis
on physical examination and confirmed by plain film and/or
CT. Femoral compartment hemorrhage is almost always asso-
ciated with femur fracture, and is readily apparent on physical
examination. Bleeding to the street should be similarly easy to
diagnose, but significant ongoing scalp hemorrhage can be eas-
ily overlooked during the primary survey, especially in patients
with other injuries.

F LU I D R E S U S C I TAT I O N

Resuscitation must begin as soon as shock is identified to pre-
vent deterioration of the patient beyond the point where sal-
vage is possible. Yet one of the great truths of trauma care is that
resuscitation cannot be successful unless the source of shock is
corrected. As this invariably takes time – for diagnostic studies,
for placement of intravenous access and invasive monitors, for
transport to the operating room (OR), and induction of anes-
thesia – there is always a period of time in which resuscitation
and primary therapy overlap. This time, which has been likened
to pouring water into a bucket with a hole in the bottom, is the
most complex and critical portion of resuscitation, and the most
misunderstood by practitioners. During this time the goal of
resuscitation is to support, but not necessarily normalize, the
patient’s physiology. Aggressive pursuit of “endpoints of resus-
citation” in the patient who is still actively hemorrhaging may
exacerbate the underlying pathology and make the ultimate
treatment more difficult.
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Table 3.6: Sources of Hemorrhage

Location Cause Diagnostic Approach

Chest Pulmonary injury Physical examination (low yield)
Intercostal arteries Chest radiograph
Great vessels CT scan

Chest tube output

Abdomen Solid organ injury Ultrasound (FAST)
Mesentery CT scan

Peritoneal lavage

Retroperitoneum Posterior pelvic fracture Pelvic instability
(Rarely) renal, aortic, vena Pelvic radiograph
Caval injury CT scan

Thighs Femur fracture Physical examination
Directed radiography

“The Street” Scalp lacerations Physical examination
Open fractures
Massive soft tissue wounds

CT, computed tomography; FAST, focused assessment by sonography in trauma.

Table 3.6 lists the common causes of shock in trauma
patients and the basic components of treatment for each. Shock
is usually apparent at the time of admission in seriously injured
trauma patients, and the initial treatment steps are the ATLS
“ABCs”: airway control, mechanical ventilation, and circulatory
support. Endotracheal intubation must be approached with
caution, because administration of a normal induction dose
of a sedative/hypnotic agent will cause profound hypotension
in the patient with shock. Even cardiac-friendly agents such
as etomidate or ketamine will cause hemodynamic distress in
patients with high catecholamine levels at the time of induction
[40]. Similarly, mechanical ventilation may acutely exacerbate
an occult pneumothorax; chest tube placement based only on
physical examination is appropriate in a patient who crashes
immediately after intubation. Positive-pressure ventilation will
also reduce venous return to the heart and may significantly
lower the blood pressure in hypovolemic patients. Low tidal
volumes and a slow ventilatory rate are appropriate at first in
patients in shock, with upward titration only as tolerated by the
patient’s hemodynamic status.

While rapid administration of intravenous fluids has long
been advocated by the ATLS curriculum, this therapy, more than
any other, may be detrimental to the patient who is actively
bleeding. Hypotension is a key contributor to early coagula-
tion of injured blood vessels [41]. Rapid crystalloid infusion to
produce an increase in blood pressure may “pop the clot” and
cause rebleeding and a subsequent further deterioration in vital
signs, as illustrated by Figure 3.4 [42]. Isotonic crystalloids, the
most commonly available fluid for early resuscitation, will fur-
ther exacerbate hemorrhage by diluting the supply of clotting
factors and platelets (already stressed by multiple sites of hem-
orrhage), by reducing the viscosity of the blood, and – unless
administered with great care – by reducing body temperature.
Numerous laboratory studies have demonstrated the value of
deliberate hypotension in resuscitation of the actively bleeding

animal [43], and two large human trials have provided further
evidence of the benefit of this approach [44, 45]. Fluids should
be administered in small boluses only, with the goal of main-
taining a lower-than-normal blood pressure (typically around
90 mmHg systolic), until the definitive control of hemorrhage.
The moment when active bleeding stops is usually readily appar-
ent to the clinicians caring for the patient, as the blood pressure
will spontaneously rise toward the normal range (“autoresus-
citation” caused by extravascular to intravascular fluid shifts)
and the patient will become more tolerant of anesthetic and
analgesic agents [45].

The quality of fluid administered is as important as the
quantity. Each of the available intravenous volume expanders
has its own particular risks and benefits (Table 3.7). The clin-
ician must make an educated guess at the amount of fluid the
patient is likely to require, and plan accordingly to achieve
the optimal blood composition at the conclusion of resuscita-
tion. In general, patients will fall into one of the three broad
categories shown in Table 3.5: (1) responders, (2) transient
responders, and (3) nonresponders. Many patients in shock
have already stopped bleeding at the time that treatment begins.
This includes most patients with a single isolated femur frac-
ture, for example. The patient will have lost 1,000–1,500 mL
of blood within the first minutes of injury, but the profound

vigorous fluid
resuscitation

hemodilution,
increased
bleeding

recurrent
hypotension

Figure 3.4. The vicious cycle of rapid crystalloid infusion in patients with
active hemorrhage.
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Table 3.7: Fluids Available for Resuscitation from Hemorrhagic Shock

Fluid Benefits Risks

Isotonic Crystalloids
0.9% saline Inexpensive Dilutes blood composition

Compatible with blood Hyperchloremic metabolic acidosis

Lactated Ringer’s Inexpensive Dilutes blood composition
Physiologic electrolyte mix Contains calcium, may clot blood

Plasmalyte-A Inexpensive Dilutes blood composition
Physiologic electrolyte mix

Colloids
Albumin Rapid volume expansion Expensive

No proved benefit
Dilutes blood composition

Starch solutions Rapid volume expansion Coagulopathy with first-generation
products

No proved benefit
Dilutes blood composition

Hypertonic saline Rapid volume expansion Rapid increase in blood pressure may
exacerbate bleeding

Improved outcomes in TBI patients Dilutes blood composition

Red blood cells Rapid volume expansion Expensive, limited resource
Increased oxygen delivery Requires cross-matching

TRALI
Viral transmission

Plasma Rapid volume expansion Expensive, limited resource
Clotting factor replacement Cross-matching required

TRALI
Viral transmission

Fresh whole blood Rapid volume expansion Unavailable in civilian practice
Carries oxygen – Logistics (low demand)
Includes clotting factors and platelets – Time required for viral testing
Ideal fluid for early resuscitation

TBI, traumatic brain injury; TRALI, transfusion-related acute lung injury.

vasoconstrictive mechanisms of the peripheral circulation,
tamponade within the surrounding muscle compartments, and
a normal coagulation response will all contribute to sponta-
neous hemostasis while the patient is still in the prehospital
phase. As long as fluid administration is not so aggressive as
to wash off the existing clots or rapidly reverse local vasocon-
striction then this patient will remain hemodynamically sta-
ble throughout their course. Crystalloid fluids can be admin-
istered over time to replace the usual losses to cellular edema
and extravasation, and red blood cells (RBCs) and coagulation
factors can be given as indicated by laboratory testing, and in
precisely the quantities required.

Patients with ongoing active hemorrhage in the emergency
department, such as those with high-grade splenic or hepatic
trauma or with penetrating injuries to large arteries or veins,
will emerge as transient responders in response to initial fluid
administration. It is critical to identify these patients because of
the strong correlation between speed of definitive hemostasis
and ultimate patient outcome. Resuscitation is far more likely

to be successful if the lethal triad can be avoided, and tissue per-
fusion preserved, while hemostatic efforts are underway. Tran-
sient responders are likely to hemorrhage at least a single blood
volume (approximately 5,000 mL), and will inevitably require
transfusion. Patients who are actively bleeding but still some-
what compensated are those most at risk from excessive crystal-
loid infusion. It is better to limit nonblood products from the
outset – even below the ATLS recommended 2-liter threshold –
and begin efforts to preserve blood composition as soon as this
patient is identified. Un-cross-matched type O RBCs are safe
and immediately available in most large hospitals and should
be used aggressively to begin resuscitation [46]. Early use of
plasma and platelets is also indicated to preserve coagulation
function and replace the losses inherent in massive or multiple
injuries [47] (see chapter 7: Massive Transfusion). As Figure
3.5 illustrates, even a fluid resuscitation scheme consisting of
nothing but equal quantities of RBCs, plasma, and platelets in
a 1:1:1 ratio will barely suffice to maintain blood composition
[48]. The only way in which this plan can be improved would
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Anticoagulation, Fractionation into Components

Fresh Whole Blood: 

500 ml 

Hematocrit – 45% 

Factor activity – 100% 

Platelets – 250,000/mcl

Red Blood Cells:

355 ml 

Hematocrit – 55%

Plasma:

Frozen, then 
Thawed

275 ml 

Factor activity – 80%

Platelets:

50 ml 

5.5 x 1010 platelets

Patient gets: 

660 ml 

Hematocrit – 29% 

Factor activity – 65% 

Platelets – 88,000/mcl
Reinfusion of

components

Figure 3.5. Fractionation and reconstruction of a unit of whole blood, illustrating the dilutional and storage-damage changes that occur between
donation and transfusion.

be the use of fresh whole blood, thus avoiding the losses and
dilution inherent in the component production and storage
process, but this therapy is largely unavailable in U.S. trauma
centers (outside of the military) because of the time lag imposed
by viral testing.

Although early recognition of the actively bleeding patient
and informed and organized steps to preserve blood compo-
sition will allow the clinician to keep up with the patient in
compensated shock, this approach will be insufficient in the
patient presenting in extremis. This patient has either been
actively bleeding like the transient responder, but for long
enough to exhaust compensatory mechanisms, or is so mas-
sively injured that profound shock is already present at the
time of emergency department arrival. Markers for this condi-
tion include hypothermia, persistent hypotension despite fluid
therapy, metabolic acidosis, decreased hematocrit on the first
laboratory sample, and elevated prothrombin time [49]. This
patient has a high prospective mortality even with prompt diag-
nosis and treatment, but can occasionally be saved. In addition
to a hypotensive resuscitation scheme using RBCs and plasma
in equal quantities, as outlined above, this patient needs a “jump
start” to their coagulation system. Eight to ten units of cryo-
precipitate and one to two pheresis packs of platelets (six to
twelve random donor packs) are administered as early as pos-
sible, to provide a substrate for clotting, and a dose of recombi-
nant human clotting factor VIIa (FVIIa; 100 μg/kg) is admin-
istered to trigger coagulation at the sites of vascular injury [50].
Bicarbonate dosing at the same time will transiently reverse

metabolic acidosis, potentially improving both cardiac func-
tion and the reaction rate of FVIIa. Although not yet validated
by prospective scientific study, this is the current approach of
both the U.S. military and several large civilian trauma centers,
and seems justified by risk:benefit assessment in these desperate
cases.

A D J U VA N T T H E R A P I E S

Successful resuscitation requires more than administration of
the right quantity and quality of fluid. Obtaining intravenous
access is an important first step, and many patients will require
a central line. A single-lumen, large-bore catheter (e.g., a pul-
monary artery introducer) will provide the best flow of resusci-
tative fluid, with specially designed shorter, large-bore double-
lumen catheters a good second choice (see chapter 4). Sub-
clavian and femoral veins are more accessible in the trauma
patient than the internal jugulars, because of the cervical col-
lar. Femoral lines and lines placed under less than fully sterile
conditions have a higher incidence of infection and should be
removed or replaced at the conclusion of resuscitation [51].

Preserving patient body temperature is a critical function
of the anesthesiologist [52]. Hypothermia is a component of
the lethal triad and will exacerbate both acidosis and coagu-
lopathy if allowed to persist. It is much easier to preserve body
temperature than to restore it once the patient has become
hypothermic, so attention to this issue throughout resuscitation
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is required. All infused fluids should be warmed, using a rapid
infusion system if a large-volume transfusion is anticipated.
The patient should be kept covered as much as possible, and the
trauma bay and operating room should be warmed in advance
of the patient’s arrival, and kept warmer than normal for as
long as the patient is exposed. Use of a forced-air heating blan-
ket on any portion of the patient that will not be part of the
surgical field is strongly recommended, as is the use of a passive
humidity-capture device on the ventilator circuit. Irrigation
and lavage fluids should be warmed as well, and the surgeon
should be kept apprised of the patient’s temperature; devel-
opment of hypothermia is an indication for “damage control”
maneuvers intended to minimize operative duration in unsta-
ble patients [53].

Careful titration of mechanical ventilation has already been
mentioned as an important adjuvant to resuscitation. While res-
piratory acidosis should be avoided if possible, overventilation
is also problematic due to impaired thoracic blood flow, inap-
propriate hypocapnia, oxygen toxicity, and the potential for
barotrauma. Ventilator volumes, pressures, and rates should be
as carefully titrated as all other aspects of resuscitation [54].

In addition to preserving the oxygen-carrying and clotting
functions of blood, the anesthesiologist must also carefully fol-
low the chemical composition of the plasma. Hypocalcemia is
common during massive resuscitation due to both acidosis and
to “citrate intoxication,” the binding of free calcium to the cit-
rate solution used to keep banked blood from clotting [18].
While total body calcium stores are adequate to overcome this
problem in the long run, any resuscitation more vigorous than
two units of RBCs per hour runs the risk of causing hypocal-
cemia. Serum electrolytes should be assayed frequently dur-
ing resuscitation, and calcium replaced (500–1,000 mg IV over
three to five minutes) if necessary. Hypotension unresponsive
to a fluid bolus should also raise the question of hypocalcemia,
and empiric treatment should be given if this diagnosis is sus-
pected.

Large quantities of 0.9 percent saline will produce a pre-
dictable hyperchloremic metabolic acidosis [55]. This fluid
should be avoided in favor of lactated Ringer’s solution or
Plasmalyte-A. Hyperkalemia can occasionally result after trans-
fusion of older RBC units, but is more commonly the result
of hypoperfusion, acidosis, and a failing resuscitation. Hyper-
kalemic cardiac dysrhythmias should be treated aggressively
with insulin, dextrose, and calcium administration. Other elec-
trolyte abnormalities are uncommon during massive resuscita-
tion, especially if the majority of fluids used are blood products
or an isotonic crystalloid.

Early treatment of hyperglycemia is an emerging standard
of care for any patient undergoing a major surgery [56]. Hyper-
glycemia is common after trauma, related to elevated serum cat-
echol levels as part of the fight-or-flight response. Whereas for-
merly this condition was tolerated and allowed to correct itself
over time, it now appears appropriate to treat hyperglycemia
with intravenous regular insulin by intermittent “sliding-scale”
dose or continuous infusion. Close control of serum glucose
– insulin therapy titrated to maintain serum levels less than
120 mg/dL – has been associated with a reduced incidence of
postoperative infections [57].

Less clear at this time is the role of specific pro- or anti-
inflammatory agents during early resuscitation. While activated
protein-C has been shown to improve outcomes when given to

patients with severe septic shock [58], its impact on trauma
patients is not known. This agent is the first of many that will
be advocated in the future: it seems sensible that pharmacother-
apy directed at the inflammatory response will have its greatest
impact when administered early after the inciting event. Unrav-
eling the entire cascade of inflammation and learning how best
to manipulate it will be a significant challenge, however, as the
optimal inflammatory state for wound healing and recovery
from trauma may vary with the patient’s age, genetics, nutri-
tional state, and the time since injury. This is the most active
and exciting area of trauma and critical care research at present,
and it will most likely bring significant changes to future clinical
practice.

A final concern during resuscitation from shock is the inter-
action between hypotension, fluid resuscitation, and TBI. Many
patients with hemorrhagic shock also have some degree of TBI,
and the interaction between these conditions is known to be
deadly [59]. This has led some authors to advocate higher blood
pressure targets and more aggressive ventilation in patients with
both shock and TBI. Exacerbation of hemorrhage and the need
for a longer and more intense resuscitation would also seem
problematic, however, making it likely that rapid hemostasis is
still the best course. At least one laboratory study of animals
with both TBI and shock has confirmed the beneficial role of
deliberate hypotension [60].

S U M M A RY

With a clear understanding of the pathophysiology of shock
in trauma patients, the anesthesiologist is able to titrate resus-
citative therapy to produce the best possible clinical outcome.
Rapid diagnosis of shock and treatment of hemorrhage are crit-
ical. Early fluid resuscitation should be titrated to a lower-than-
normal blood pressure and should emphasize the preservation
of normal blood composition and chemistry, using un-cross-
matched type-O RBC and empiric plasma and platelet ther-
apy in any patient who will require massive transfusion. For
patients presenting with deep shock and evidence of physi-
ologic decompensation an even more aggressive approach is
indicated, with bicarbonate, cryoprecipitate, and FVIIa given
to rapidly restore an effective state of coagulation. Once the
bleeding stops, laboratory markers of tissue perfusion are used
to guide the completion of resuscitation. In the future, improved
anesthetic and surgical techniques will lead to the survival of
ever more severely injured patients, and will allow for explo-
ration of the next frontier: direct manipulation of the systemic
inflammatory response to provide the most rapid recovery
from severe trauma with the least incidence of organ system
failure.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following is not a possible site for exsanguinat-
ing blood loss in a trauma patient?

a. Into the chest
b. Into the abdomen
c. Into the cranium
d. Into the retroperitoneum
e. Onto the “street”
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2. Which of the following is a negative effect of rapid crystal-
loid infusion in a hemorrhaging trauma patient?

a. Increased cardiac output
b. Increased hemorrhage
c. Increased heart rate
d. Increased hematocrit
e. Increased urine output

3. A 25-year-old man presents to the hospital following a
motor vehicle collision. His initial blood pressure is 80/40,
but it improves to 110/80 following 500 mL of intravenous
fluid. Thirty minutes later, while the patient is in CT scan,
his pressure falls again to 60/35. Which of the following
pathologies is most likely to explain these findings?

a. Traumatic brain injury
b. Tension pneumothorax
c. T-12 spinal cord injury
d. Myocardial ischemia
e. Splenic laceration

4. Which of the following laboratory abnormalities is most
indicative of hemorrhagic shock?

a. Hematocrit of 32 percent
b. Arterial pH of 7.50
c. Serum potassium of 2.5 mg/dL
d. Serum glucose of 155 mg/dL
e. Serum lactate of 10 mg/dL

5. Which of the following best describes the patient with occult
hypoperfusion syndrome in the ICU?

a. Normal vital signs, normal serum lactate
b. Normal vital signs, elevated serum lactate
c. Hypotension, normal serum lactate
d. Hypotension, elevated serum lactate
e. Hypotension, hypocapnia

6. Which of the following best describes the order of vasocon-
striction in a hemorrhaging patient?

a. Skin first, then muscle, then gut
b. Muscle, then gut, then skin
c. Muscle, then skin, then gut
d. Gut, then skin, then muscle
e. Skin, then gut, then muscle

7. Which of the following is the most appropriate initial fluid
to administer to the hypotensive patient who presents with
active hemorrhage and a pH less than 7.25?

a. Isotonic crystalloid
b. Un-cross-matched red blood cells
c. Plasma
d. Platelets
e. Hypertonic saline

8. Which of the following electrolyte abnormalities is most
common during massive transfusion therapy?

a. Hypocalcemia
b. Hypoglycemia
c. Hypernatremia
d. Hypokalemia
e. Hypermagnesemia

9. Preservation of coagulation function in the actively hem-
orrhaging patient is best achieved with administration of
which of the following?

a. Fresh whole blood
b. Equal numbers of units of RBC, plasma, and platelets
c. One liter of isotonic crystalloid for each unit of RBC
d. Three units of plasma for each unit of RBC
e. Hypertonic saline and platelets

10. Factor VIIa as an off-label “rescue” therapy is most appro-
priate in which of the following clinical situations?

a. Urgent repair of an open femur fracture in a hemody-
namically stable patient

b. Following emergent splenectomy in a patient who has
not yet required transfusion

c. During exploratory laparotomy in a patient undergoing
massive transfusion

d. For control of coagulopathic hemorrhage in a patient
who has suffered a transcranial gunshot wound

e. Following return of spontaneous circulation in a patient
who required cardiopulmonary resuscitation for a ten-
sion pneumothorax

A N S W E R S

1. c
2. b
3. e
4. e

5. b
6. a
7. b

8. a
9. a

10. c
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E S TA B L I S H I N G VA S C U L A R A C C E S S I N T H E

T R AU M A PAT I E N T

Matthew A. Joy, Donn Marciniak, and Kasia Petelenz-Rubin

Objectives
1. Describe in a structured approach the advantages and disadvantages of various types of intravas-

cular access and infusion devices in the trauma patient.
2. Present practical guidelines for the establishment of central venous access in the critically injured

patient.
3. Describe in detail the technique for insertion of various central access sites, with current standard

of care recommendations in the trauma patient.
4. Describe the relevancy of peripheral arterial cannulation in the trauma setting.
5. Present current recommendations regarding intraosseous access in the trauma patient.

I N T R O D U C T I O N

Advanced Trauma Life Support (ATLS) guidelines recommend
that, in the initial management of hemorrhagic shock, prompt
access must be obtained [1]. This is best accomplished by
the insertion of two large-caliber (16 G angiocaths or larger)
peripheral intravenous (IV) catheters before consideration is
given to central venous catheters, or venous cutdowns [1]. Obvi-
ously, the condition of the arriving trauma patient, that is, mas-
sive extremity injury and extent of the injury, may not allow for
any reasonable peripheral venous access for IV insertion. This
chapter reviews the management of intravascular access in the
trauma patient in the hospital setting where definitive care is to
be provided. The main areas to be covered include venous access
as well as arterial access in critically injured patients. Clinical
experience and evidence-based medicine is balanced to pro-
vide a framework for guiding the management of patients from
a vascular access standpoint.

P E R I P H E R A L I N T R AV E N O U S ( P I V )
C AT H E T E R S

Prior to arrival in the emergency department, PIV cannulation
has usually been performed in the field by prehospital personnel
[1, 2]. Upon arrival, the in situ access should be inspected for
catheter size, flow dynamics, and insertion site characteristics.
Additional IV access may be required in the event that any of

the prehospital IVs have poor flow quality, intermittent flow,
or any apparent infiltration with extravasation [2]. Should the
preexisting access be deemed inadequate, additional large-bore
access should be placed. Ideally, either a 14 G or 16 G angio-
cath may be inserted into any available upper-extremity vein,
preferably the antecubital or large forearm vein, if not pre-
viously cannulated [1]. According to Hagen-Poiseuille’s Law
(see Equation 1), the flow through a tube is directly propor-
tional to the fourth power of the radius and inversely related to
its length. Therefore, the primary variable for flow rate is the
radius of the catheter. Equally as important is the caliber of the
IV fluid tubing sets. These should have large diameters at all
points, including connectors and injection sites, to reduce tur-
bulent flow. Once successfully cannulated, PIVs should be con-
nected to high-capacity fluid warmers or rapid-infusion devices
depending on the patient’s response to fluid therapy [1, 3–5]
(see Figures 4.1 and 4.2).

Repeated unsuccessful efforts at PIV access should not be
continued without concurrent attempts at central access. The
initial site of choice of central venous access depends on the
extent and location of injury to the patient [3].

Q = �P (πr 4/8ηL ) (1)

where Q = flow, P = pressure, r = radius of the catheter,
n = viscosity, L = length of the catheter.

6 9
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Figure 4.1. The Belmont Instruments FMS 2000 Rapid Infusion Device.
Belmont Instrument Corp., Billerica, MA.

C E N T R A L V E N O U S C AT H E T E R S

The use of central access in the trauma patient not only provides
larger and more reliable vessels for administration of large vol-
umes of fluid, but it also provides for the administration of med-
ications, that may not be compatible for infusion via periph-
eral sites [1]. Additionally, central venous access allows for the
monitoring of central venous pressures, which may allow one
to direct therapy accordingly (see Chapter 5). Although there
are conflicting reports regarding the safety of central venous
access in trauma patients, and incidence of complications
[6, 7], other evidence suggests that complication rates are no
higher than in nonemergent settings [7, 8]. This may be due in
part to physicians with more experience placing the majority
of central lines in trauma patients.

Femoral Vein Cannulation

First described by Duffy [9], the common femoral vein as a site
for cannulation into the inferior vena cava is probably the easi-
est and most accessible vessel for rapid central venous access in
the trauma patient population. There is no potential for pneu-

Figure 4.2. Level 1 Rapid Infusion Device (H1025). SIMS Level 1, Inc.,
Rockland, MA.

mothorax, hemothorax, or dysrhythmias (potentially preexist-
ing conditions in a severely injured trauma patient). The vein
is easily accessible in patients with neck immobilization, and
incidental hematoma formation is relatively easy to compress
(Table 4.1). Femoral venous access can also be easily accom-
plished in patients receiving cardiopulmonary resuscitation [8,
10, 12, 13]. The femoral vein may be unsuitable, however, in
the trauma patient with extensive lower extremity injury as well
as the patient with significant abdominal trauma injury, where
inferior vena cava flow may be disrupted.

Techniques for insertion first involve the appropriate use
of hand hygiene and the decontamination of the site with a
sterile antiseptic solution, preferably chlorhexidine solution
[16–18]. If necessary, topicalization is provided with subcu-
taneous administration of 1 percent lidocaine. The urgent need
for intravascular access may supersede full Centers for Disease
Control and Prevention (CDC) recommendations [1, 16, 17]
and other guidelines for central line insertion [18, 19], such
as sterile scrub, gown, and full body drape. However, antisep-
tic solution, along with sterile gloves, mask, and cap, can very
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Table 4.1: Advantages and Disadvantages of Central Venous Access Sites

Mode of Access Advantages Disadvantages Contraindications

All ■ Access when peripheral veins
unsuitable

■ Larger fluid volumes may be
delivered

■ Monitoring of central venous
pressure

■ Hematoma
■ Infection
■ Line misplacement
■ Air embolism
■ Arterial puncture
■ Thrombosis of catheter

■ Coagulopathy
■ Local infection or tumor at access

site

Femoral vein ■ Accessible during CPR,
trauma resuscitation

■ Compressible

■ Increased rate of thrombosis
■ Femoral arterial injury

■ Extensive lower extremity
injury – burns or trauma

■ Abdominal trauma (possible IVC
disruption)

Internal jugular ■ Provider familiarity
■ PAC conversion

■ Pneumothorax
■ Hemothorax
■ Ventricular arrhythmia
■ Myocardial injury
■ Cardiac tamponade
■ Carotid artery injury

■ Cervical spine injury
■ Presence of cervical collar

Subclavian Vein ■ Provider familiarity
■ PAC conversion
■ Remains patent in shock
■ Stable catheter fixation
■ Accessible during neck

immobilization

■ Pneumothorax
■ Hemothorax
■ Ventricular arrhythmia
■ Myocardial injury
■ Cardiac tamponade
■ Subclavian artery injury

■ Clavicular injury
■ Kyphoscoliosis

CPR, cardiopulmonary resuscitation; IVC, inferior vena cava; PAC, pulmonary artery catheter.

quickly be obtained and used without adding any unnecessary
time delays in achieving IV access. Once prepped and cleaned,
the operator can attain the best approach to access the femoral
vein on the ipsilateral side facing the patient from below.

Despite several reports documenting the safety of the
femoral vein site, for central access many clinicians still are
hesitant to use this site based on a perceived increased risk
of complications [10, 12, 13, 15]. Although recent experience
demonstrates relative safety with the femoral vein route for line
access [8, 9], there are limited data establishing this as the pre-
ferred site for short-term access in the severely injured patient
[8, 22].

In what is referred to as the femoral triangle (see Figure 4.3),
the femoral vein lies medial to the femoral artery and lateral to
the femoral canal in the middle compartment. Ultrasound can
be used to guide the procedure (see Chapter 32). A 20 G hypo-
dermic needle attached to a 5-cc syringe is used as a “finder” or
“scout” needle to locate the vein [21]. With the operator facing
the patient from the ipsilateral side and placing the patient’s
leg in a slightly abducted and externally rotated position
[21, 22], the needle is inserted 1 cm medial to the pulsating
femoral artery, just below the inguinal ligament. Directing the
needle cephalad, the femoral vein is typically entered approxi-
mately 2–4 cm below the skin. Utilizing negative pressure, blood
is aspirated once the vein is entered (initially verified by color
and lack of arterial pulsation). An 18 G angiocath is then placed
immediately parallel to the needle and aspiration of the vein
is once again obtained. The catheter is then advanced over
the stylet until the catheter has completely entered the vessel
[21, 23]. With the hub transfixed at the skin level, the vessel can

be transduced with sterile pressure extension tubing attached
to the angiocath to verify venous flow. This step of mechanical
transduction of the vein [24, 25], although rudimentary, can
be completed in relatively little time, making itself useful dur-
ing the urgency of trauma line placement. Once confirmed as
a venous vessel, a trauma central line is placed. In our institu-
tion, the preferred central line is an Arrow-Howes™ (Product
AK-12123-H; Arrow International) 12 Fr triple-lumen catheter
(TLC) with three ports, one central port for central venous
pressure monitoring (see Figures 4.4 and 4.5). Utilizing the
Seldinger technique [26] of guide wire placement, a thin flexi-
ble J-shaped wire is placed via the angiocath and advanced, until
at least one-half to two-thirds of the wire is entered into the ves-
sel. Caution should be exercised with the advancement of the
guide wire, and if any resistance is encountered, the wire should
be immediately removed and flow from the angiocath should
be reconfirmed. Once the wire has been advanced to approxi-
mately one-half its length, the angiocath is then removed and a
dilator device is advanced over the wire [21, 23].

Care must be taken to avoid loss of the wire by embolization
into the vessel [20]. Loss of the wire can be prevented by allowing
adequate length of the wire to extend beyond skin, taking care
not to remove the wire entirely from the intravascular lumen. In
addition, when advancing any catheter over a wire, one end of
the wire should always be visible, preferably within one’s grasp.
Once enough length of catheter has been removed, the dilator is
advanced over the wire. Once again, the dilator should enter the
vessel easily, without resistance. Any hindrance to advancement
should be immediately investigated. The skin incision around
the wire may need to be enlarged, or the guide wire may be
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External iliac vein

Femoral artery

Femoral vein

Inguinal ligament

Figure 4.3. The femoral triangle.
Steps for Insertion of Femoral Vein Central Catheters
■ The patient is prepped and draped in the usual fashion. Aseptic con-

ditions are maintained throughout.
■ The operator faces the patient from the ipsilateral side.
■ The patient’s legs are placed in a slightly abducted and externally

rotated position.
■ The needle is inserted 1 cm medial to the pulsating femoral artery and

approximately 1 cm below the inguinal ligament.
■ Directing the needle cephalad, the femoral vein is typically entered

approximately 2–4 cm below the skin.
■ Utilizing negative pressure, blood is aspirated once the vein is entered

[21, 22]. (See text for additional details on cannulation.)

kinked. The dilator should never be inserted any further than
necessary to have the maximum diameter achieved, typically no
further than the midpoint or beginning of the dilator taper. Any
further advancement carries the potential risk of vessel injury
from the rigid dilator [27–29].

Once dilated, the catheter is placed over the wire by utiliz-
ing the Seldinger technique. The wire is then removed and the
catheter sewn in place. Verification of placement is achieved
once again by mechanical or pressure transduction [25] and
ease of flow of infusion fluids by gravity. The femoral vein site
obviates the need for radiographic confirmation.

Internal Jugular Vein Cannulation

Many trauma patients present with limited accessibility to the
neck because of cervical spine precautions with cervical collars.
In general, it is not advisable to remove the collar for internal
jugular venous access. However, if the patient’s cervical spine
has been cleared, such access may be attempted.

Figure 4.4. Arrow-Howes™ (Product AK-12123-H) 12 Fr TLC. Arrow
International, Reading, PA.

Utilizing the previously mentioned sterile technique, and
after placing the patient in a slight Trendelenburg position, the
internal jugular vein approach is preferred on the right side of
the neck, in part, due to the straighter course this vessel runs
to the heart and the avoidance of possible thoracic duct injury,
which most typically is on the left side. Furthermore, the cupola
of the left lung rises higher than the right lung, thus potentially
increasing the risk of pneumothorax on left-sided approaches.
Ultrasound is valuable to guide the cannulation procedure (see
Chapter 32). In the case of massive chest injury, the site chosen
should avoid the side of the unaffected lung, thereby avoid-
ing the risk of contralateral lung injury. The central approach
[21, 30], which is favored by the author, is performed by identi-
fying the clavicular and sternal heads of the sternocleidomastoid
muscle at the base of the neck. These two heads join superiorly
to form the apex of a triangle at which point the needle is
inserted. Depending on the circumstances and the urgency of
establishing access, a seeker needle may or may not be utilized.
Either a 22 G × 3.8 cm seeker needle or 18 G × 6.35 cm angio-
cath is directed lateral to the pulsating carotid, which is best
palpated and slightly retracted with the opposite hand, usually
the left hand for right internal jugular cannulation. The needle
is directed toward the ipsilateral nipple, at a 45 degree angle.

Figure 4.5. Arrow-Howes™ (Product AK-12123-H) 12 Fr 16-cm-length
TLC. Arrow International, Reading, PA.
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Subclavian vein

Common carotid artery

Internal jugular vein

Figure 4.6. Internal jugular vein anatomy.
Steps for Insertion of Internal Jugular Vein Catheters, Central Approach
■ The patient is prepped and draped in the usual fashion. Aseptic conditions are maintained throughout.
■ The patient is placed in Trendelenburg position.
■ The needle is inserted lateral to the carotid artery and at a point of insertion at the apex of the triangle formed

by the two heads of the sternocleidomastoid muscle and the clavicle.
■ At an angle of approximately 20 degrees to the skin surface, the internal jugular vein is typically entered at

approximately 1.3 cm below the skin [19, 21, 84] (See text for further details on cannulation.)

The vein lies anterolateral to the carotid artery, and typically is
entered at a depth of 1.3 cm (no greater than 3 cm below the skin
surface). Utilizing the Seldinger technique of guide wire place-
ment as described in the femoral vein section, the trauma central
line is placed into the internal jugular vein (see Figure 4.6).

Complication rates vary for the anatomic landmark tech-
nique of internal jugular vein catheter insertion, depending on
the setting and classification of complications (i.e., mechanical
versus infectious versus thrombotic). Complications have been
reported to occur in the internal jugular route at a frequency of
6.3–11.8 percent in the general population [19], and although
there are limited data available regarding this approach in the
emergency care setting, one study reports a rate of compli-
cations as low as 5.2 percent [31]. The most common major
complications for the internal jugular route are pneumotho-
rax, hemothorax, line misplacement, and hematoma forma-
tion (Table 4.1) [19, 31, 32]. Other less common, but serious
complications include sustained ventricular arrhythmias, air
embolism, and cardiac tamponade [32]. Rare but lethal com-
plications occurring with this technique reported in the litera-
ture include vertebral artery and innominate pseudoaneurysms
[33, 34]. Preventative measures, including aseptic technique,
verification of venous flow, use of ultrasound, and meticulous
guide wire/dilator technique serve to minimize the occurrence

of potential complications. A postprocedural chest radiograph
should be obtained after all internal jugular vein catheteriza-
tions if time permits.

S U B C L AV I A N V E I N C A N N U L AT I O N

Subclavian vein catheterization was first described by Aubaniac
[35] in 1952. The procedure gained popularity as the practical
use and high success rate of the procedure were substantiated.

Proponents of the subclavian technique in the trauma set-
ting note that the anatomic properties of the vein lend itself
to expedient catherization. There is a constant anatomic posi-
tion, allowing for easy access, a low or negative intravascular
pressure, a large diameter of 12–25 mm [36], and absence of
valves. The walls are reinforced with a thick tunica fibrosa and
adhere to the adjacent ligaments, fascia, and periosteum. The
vein does not constrict, collapse, or displace. It remains patent
in shock and death, allowing for central access even in situations
of severe hypovolemia [37]. Other indications for placement of
a subclavian catheter include: extremity burns or trauma; inac-
cessibility of the internal jugular vein (i.e., presence of cervical
collar); and lack of adequate peripheral veins, as in drug abusers
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[7]. In abdominal or flank injuries, the subclavian vein is the
recommended route of central venous access [8].

Benefits of subclavian catheters exist in the posttrauma set-
ting as well. Indwelling subclavian catheters can be converted
easily to pulmonary artery catheters. There is a decreased risk
of catheter-related infections [15, 38, 39] compared with the
internal jugular or femoral approaches in the emergency or
high-risk setting [40]. Catheter fixation is more stable and more
comfortable over the upper chest [41], increasing patient satis-
faction.

There is some opposition to the use of subclavian vein
catherization in trauma, which is derived from the concern
regarding the potential for life-threatening complications in an
already injured patient. The most common complications in
both the elective and emergent settings include pneumothorax
and hemothorax, with reported rates of 2–5 percent [42] and
0.4–5 percent [7], respectively. In trauma, however, the compli-
cation rate increases significantly, with rates of serious compli-
cation attributable to the procedure of 14–15 percent [6, 43].
Additional complications include subclavian artery puncture,
local hematoma formation, hydrothorax, hydromediastinum,
myocardial penetration or perforation, thoracic duct laceration
(left side), venous stenosis, catheter-related thrombosis, dam-
age to the phrenic, recurrent laryngeal nerves, or brachial plexus
nerves, and local or systemic infection.

Relative contraindications specific to the placement of a
subclavian catheter include kyphoscoliosis, clavicular defor-
mity, and low toleration for pneumothorax (Table 4.1). Reports
in the literature have suggested that mechanical ventilation is a
contraindication to such line placement [42], as the cupola of

Subclavian vein

Common carotid artery

Internal jugular vein

Angle of clavicle

Figure 4.7. Subclavian vein anatomy.
Steps for Insertion of Subclavian Vein Catheters, Infraclavicular Approach
■ The patient is prepped and draped in the usual fashion. Aseptic conditions are maintained throughout.
■ The patient is placed in Trendelenburg position
■ An 18 gauge × 6.3 cm introducer needle is inserted at the lower border of the clavicle at the junction of the

medial and middle thirds.
■ The needle is directed medially and cranially beneath the inferior surface of the clavicle (in close proximity to

the periosteum) toward the suprasternal notch while maintaining a slight negative pressure in the syringe.

the lung may protrude into the neck and elevate the subclavian
vein above its normal position, but clinicians may circumvent
this by use of lower tidal volumes. Coagulopathies are also con-
sidered a relative contraindication to the placement of any cen-
tral line, and the subclavian vein is generally thought to be the
least suitable approach in these patients. Hemorrhage from an
inadvertent subclavian artery puncture is much more difficult
to control by pressure alone and may be missed as the blood
can track into the pleural cavity [44].

Independent of patient characteristics, complication rates
also increase in parallel with the level of operator experience
[7, 45, 46]. Selection of the insertion site of a central venous
catheter must therefore be based on both the ease and risks of the
individual patient and practitioner performing the procedure.

An understanding of the relationship of the subclavian vein
to the clavicle is necessary for successful subclavian vein cannu-
lation, because in this essentially blind procedure, the subcla-
vian vein cannot be visualized or palpated. Ultrasound is not
particularly useful in guiding infraclavicular venous catheteri-
zation (see Chapter 32). The subclavian vein enters the thorax
as a continuation of the axillary vein of the arm, posterior to
the clavicle. It passes over the first rib anterior to the scalene
tubercle parallel to the subclavian artery, but is separated by
the anterior scalene muscle. The subclavian vein is covered in
its entire course by the clavicle, the costoclavicular ligament,
and the subclavian muscle. It adheres to the adjacent ligaments,
fascia, and periosteum through an extension of the fascia colli
media. The cupola of the lung is mostly medial and posterior
to the vein as it begins to course deeper into the thorax [36, 47,
48] (see Figure 4.7).
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The infraclavicular route is widely used for access because
of the ease with which the subclavian vein is located. The largest
vein caliber is obtained with placement of the patient in a mod-
erate Trendelenburg position, with the head neutral and the
shoulders flat [49]. Slight retraction of the shoulders may be
used [53]. Trendelenburg position is not always necessary as
the subclavian vein adheres firmly to the surrounding struc-
tures via the fascia colli media and is well distended regardless
of position. The initial puncture needle may be placed near the
lateral border of the deltopectoral triangle, slightly lateral to
the junction of the medial and distal thirds of the bone, below
the midpoint of the clavicle, or at the medial and middle thirds
of the clavicle [50]. The junction between the lateral concav-
ity and the medial convexity of the clavicle creates a space (the
superior margin of the deltopectoral triangle) in which a needle
may be passed at a relatively superficial angle, preventing injury
to deeper structures [49]. The needle is directed medially and
cranially, toward the suprasternal notch, along the posterior
surface of the clavicle, always in proximity to the periosteum
[51, 52].

Correct neutral positioning may be unattainable in the
trauma bay, or in the presence of edema, bulky dressings, exces-
sive fat distributed around the arms and upper chest, shoul-
der or joint pathologic conditions, or in burns [54]. In clini-
cal conditions that prevent shoulder retraction, a more medial
approach to the vein is suggested, that is, needle insertion at
the junction between the middle and inner thirds of the lower
border of the clavicle. This approach maintains a relatively con-
stant course of the vein in relationship to the bone, but increased
thickness of the bone mandates a steeper approach, increasing
the possibility of damage to underlying structures [41]. When-
ever possible, access should be attempted on the right side of
the chest to avoid injury to the thoracic duct and more ele-
vated pleural dome. In cases of thoracic injury, access should
be via the ipsilateral subclavian vein, especially if an intercostal
chest tube is already in place, rather than risking pneumotho-
rax on the uninjured side. In mediastinal injury, access via the
contralateral subclavian vein is recommended [8].

P E R I P H E R A L A R T E R I A L C A N N U L AT I O N

Direct blood pressure measurements were first performed in
1733 by an English scientist and clergyman, Stephen Hales, by
inserting a brass pipe in the carotid artery of a horse and con-
necting it to a glass manometer via the flexible trachea of a goose
[55]. Despite the nearly three hundred years of its existence,
direct arterial pressure monitoring has only been in widespread
clinical practice for about 40 years. Trauma patients are suscep-
tible to paroxysmal hemodynamic disturbances owing to their
initial injury, subsequent resuscitation, exposure to vasoactive
medications, and potential surgical intervention. These patients
may benefit greatly from continuous, direct monitoring of
arterial pressure (see Chapter 5). Hemodynamic changes are
typically due to rapid blood loss, but other conditions such
as pneumothorax, hemothorax, cardiac tamponade, or pri-
mary myocardial injury may also result in significant vital sign
changes.

Blood pressure and pulse are key monitoring parameters in
a hemodynamically compromised patient, but according to the
American College of Surgeon’s definition of shock, only Class

III and IV shock have significant blood pressure changes cor-
responding to greater than 30 percent total blood volume loss
[1]. Arterial blood pressure monitoring will provide immedi-
ate data to expedite the diagnosis of circulatory and electrome-
chanical cardiac dysfunction. In some instances the patient may
experience extreme hemodynamic fluctuations in the three- to
five-minute interval between noninvasive blood pressure mea-
surements. Additionally, pulse oximetry may be unmeasurable
in hypotensive or hypothermic patients and an invasive arte-
rial catheter can provide definitive evidence of perfusion and
determination of arterial oxygenation.

An additional benefit of invasive arterial monitoring is the
measurement of systolic blood pressure variation (see Chap-
ter 5). Utilizing the arterial waveform tracing, insight into
the patient’s volume status can be derived quickly and sim-
ply, enabling expeditious intervention. Furthermore, some data
suggest that noninvasive blood pressure measurements may not
be accurate in the shock state [56, 57]. In low-flow states, blood
pressure may more accurately be monitored intraarterially. The
practitioner should critically evaluate the potential for volume
changes and consider early arterial catheter placement before
profound hemodynamic changes make such placement impos-
sible.

The radial artery is the most frequently chosen site for
peripheral arterial cannulation because it is readily accessible,
technically easy to cannulate, and has favorable collateral cir-
culation. In the typical adult, a 20 G peripheral angiocatheter is
inserted in the radial artery supplying the non-dominant hand,
if available. After sterile preparation, the catheter is often placed
near the wrist crease but may be placed more proximally in the
upper extremity. Depending on the practitioner’s preference of
technique, a radial arterial catheter set may be employed or a
20 G angiocatheter may be directly placed. If there is difficulty
advancing the catheter, a guide wire may be passed, but the
risk of luminal injury is increased with this technique. Many
proprietary devices are available with a self-contained wire that
many find useful. Longer catheters are less likely to dislodge
and some evidence suggests they decrease the incidence of post-
decannulation arterial thrombosis [59, 60].

Trauma patients are often hypothermic or hypotensive and
if the radial artery pulse cannot be palpated, ultrasound may
aid in locating the vessel. If the radial artery cannot be found
or successfully cannulated, or the nature of the injury prohibits
placing a catheter in that location, alternate sites include the
ulnar, brachial, axillary, femoral, or dorsalis pedis arteries. Data
suggest that these alternate sites offer minimal increased risk of
complication over radial catheters [55, 58, 61]. The axillary and
femoral arteries may have extra utility in the trauma setting,
because they are more easily palpated in the hypothermic or
hypotensive patient; these vessels also demonstrate fairly regu-
lar anatomy to aid in cannulation in a low-flow state. Clinical
discretion based on the scenario and vessel availability is the
final determinant for the site of line placement.

The dorsalis pedis artery is considered a relatively safe site
for cannulation. Good collateral blood flow is provided by the
posterior tibial and peroneal arteries. However, one must con-
sider the presence of comorbid conditions such as diabetes or
peripheral vascular disease when choosing this vessel, because a
compromise of collateral flow could affect perfusion or healing.
There is a lower rate of success in cannulating this vessel [62],
and this rate may be decreased even more in the trauma setting



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

0521856574c04 CUFX276-Smith-v2 May 12, 2008 17:16

7 6 ■ J O Y E T A L .

with the patient in a state of shock. Some evidence suggests that
there is a lower rate of thrombosis in this vessel than in the
radial arteries [63], and from this standpoint it may have some
ancillary benefit. Overall, it is a safe alternative to the radial
artery [62, 63].

The ulnar artery is another alternative to radial artery
cannulation. There are some data indicating mild, transient
parathesias of the hand in a few of the patients with this site
of cannulation [64]. A concern exists that ischemia may be
increased because the ulnar artery is the larger of the two vessels
supplying the hand, but studies that evaluated complications of
ulnar artery catheterization did not demonstrate this risk [65,
66, 72].

Many practitioners are hesitant to use the brachial artery,
but it can be a valuable resource in trauma scenarios. There
are concerns of an increased risk of ischemia owing to its lack
of collateral flow, but this risk is not supported by data. One
study evaluated 1,000 patients with brachial artery catheters and
revealed only one serious complication: an infected hematoma
arising from a pseudoaneurysm [85]. In this same study,
157 minor complications, including hematoma, evidence of
microemboli, and transient median nerve parathesias, were
described. Another large study of 6,185 patients whose brachial
arteries were used for blood gas sampling had only a 0.2 percent
complication rate, consisting mainly of parathesias [73]. A large
study of neonatal and pediatric patients with brachial artery
complications also revealed no major complications. Thus, the
brachial artery can be considered in trauma patients of all ages.

The axillary artery, as mentioned previously, is another
alternative choice for cannulation in the trauma patient. A
recent review described the incidence of complication in the
axillary artery catheter as follows: permanent ischemic dam-
age, 0.2 percent; temporary occlusion, 1.18 percent; pseudoa-
neurysm, 0.1 percent; hematoma, 2.28 percent; and hemor-
rhage, 1.14 percent [66]. Although the risk of bleeding and
hematoma is low, there may be a concern for brachial plexopa-
thy in the trauma patient, but again, this is speculative. The
axillary artery has been shown to be more difficult to cannulate
[67], but it may be a good choice in a hypotensive patient, and
it is relatively safe [55, 61, 65, 67].

The femoral artery is another large vessel that may be cho-
sen for reasons similar to the axillary artery. Incidents of com-
plications in a review [65] show severe ischemic damage in
0.09 percent of 3,899 patients; this was reflected in a single
subset study in 3 of 976 patients. Other complications include
temporary vessel occlusion, 1.45 percent; pseudoaneurysm, 0.3
percent; hematoma, 6.1 percent; and hemorrhage, 1.58 percent
[65]. There is one report of death from retroperitoneal bleed-
ing [68]. Overall, the femoral artery is a safe choice and can be
easily accessed in most patients in the trauma setting.

The radial artery is by far the most commonly chosen site
for arterial access and its safety and reliability have been proved
in numerous studies [58, 65, 66]. Like all other sites of can-
nulation, it is not without risk. Recent data indicate a 0.09
percent risk of permanent ischemic injury, [65] similar to the
femoral artery. The most common complication is transient
arterial occlusion with reported ranges of 1.5 [69] to 35 percent
[70], with a mean of 19.7 percent [65]. This is thought to typ-
ically resolve in 30 days for most patients [74]. Although there
are reports describing digit or forearm amputation after radial
artery cannulation, multiple emboli and prolonged circulatory

failure with vasopressor support have typically been implicated
as etiologies in such cases [58, 71]. Other complications include
pseudoaneurysm, 0.09 percent; hematoma, 14.4 percent; and
hemorrhage, 0.53 percent [65]. The radial artery is typically the
first choice for cannulation because of its ease of insertion and
well-documented history of safety.

In a trauma patient, arterial lines are often placed under less
than optimal conditions with a heightened sense of urgency.
Although sterile technique should always be followed, it can
easily be breached in these situations. Considering that many
trauma patients will have an extended stay in an intensive care
unit, postoperative infectious risks should be of concern. Radial
artery local infection has been estimated to be 0.43–0.72 per-
cent, while catheter-related sepsis has ranged from 0.13 to 0.14
percent in two extensive reviews [65, 75]. There is a concern
that femoral arterial lines carry a higher rate of infection. Inci-
dence of femoral local infection ranges from 0.78 to 1.17 per-
cent, and rates of catheter-related sepsis range from 0.34 to 0.44
percent [66, 76]. Recent data point to a statistically significant
increase in the rate of local and systemic rate of femoral arterial
catheters compared with radial arterial catheters. There is no
statistically significant increase in local or systemic infections
for brachial or dorsalis pedis artery catheters [75]. Of note, axil-
lary artery catheters may have an increased rate of local infec-
tion at 2.24 percent and a 0.51 percent rate of systemic infection
[65]. Although there is a definite risk of catheter-related local
infection or sepsis, it is small in all cases. However, if alterna-
tive options are sought in sites other than the radial artery, the
long-term effects of infection should be considered.

I N T R AO S S E O U S ( I O ) AC C E S S

Intraosseous access has long been accepted as a means of vas-
cular access in children. Use in adults has been documented
as safe and acceptable, but the recent advent of new access
devices is permitting rapid, accurate access to the IO space [76].
Recent changes in the American Heart Association’s resuscita-
tion guidelines state that the IO access should be established if
the IV access is unavailable [77]. IO vascular access will likely
become more prevalent in the prehospital setting, indicating
that anesthesiologists may increasingly encounter these already
in situ in the trauma bay or operating room. Anesthesiologists
should understand the mechanisms and utility of these devices.

Intraosseous insertion sites include the sternum, the tibia,
and even the pelvis [78]. IO cannulation accesses a noncol-
lapsible venous plexus, enabling fluid and medication delivery
similar to that achieved by central venous access [77]. Although
adults have much less active bone marrow than children, the
vascular sinusoids remain patent, and fluid injected into the
bone marrow disperses via its venous drainage, which connects
the marrow to the systemic circulation [79]. The IO device pro-
vides an effective, rapid alternative for the field. Access time is
reported to average 77 s. IO flow rates vary, with documenta-
tion of fluid delivery of from 15 to 30 mL/min via one-meter
gravity drip, or 125 mL/min when a pressure cuff bag is used,
or 150 mL/min is possible when infused with a syringe bolus
[78, 80].

While IV is the gold standard of vascular access, there are
situations where an IV line cannot be placed rapidly, when the
time required to place an IV line may compromise patient care,
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or when other methods of IV access have failed [81], espe-
cially as central venous catheter insertion is not an option in
most prehospital settings. In hemodynamically unstable trauma
patients, catheter placement may be extremely difficult sec-
ondary to collapse of veins. The IO vascular conduit remains
open in the presence of shock [82]. Placement of an IO line may
be a viable alternative to IV access in severely burned patients,
in whom IV access may be extremely difficult, if not impossi-
ble. Other indications for IO line placement include combative
patients, where precise access is not possible and failed PIV
access in adult patients where vascular access is critical [79].

Contraindications to the placement of an IO device include
fractures or previous surgery at the bone of access, infection
at the insertion site, local vascular compromise, burn injury,
severe osteoporosis, and obesity in which the IO needles may
not be long enough to reach the bone marrow space [76, 78, 80].
Lack of fluid flow or extravasation of fluid at the site mandate
discontinuation of the infusion [83].

C O N C LU S I O N S

Venous access is initially accomplished using PIV catheters.
However, many patients will require central venous access and
arterial line placement. Regardless of the site of central venous
cannulation, the Seldinger technique is routinely performed
using aseptic technique. The femoral vein is a large and relatively
easy vessel to cannulate. Unlike the internal jugular and subcla-
vian veins, there is no risk of hemothorax or pneumothorax.
One major limitation of femoral vein cannulation is abdom-
inal trauma where inferior vena cava flow may be disrupted.
The internal jugular vein is often not easily accessible in trauma
patients with cervical collars. For this reason, the subclavian
approach is usually preferred. Because of its safety and reli-
ability, the radial artery is the preferred site for cannulation
in trauma patients. Arterial cannulation permits the accurate
measurement of blood pressure, including systolic pressure
variability, and permits easy access for arterial blood gas mea-
surements. IO access is rarely done in major trauma except in
children.

M U LT I P L E C H O I C E Q U E S T I O N S

1. The flow rate through a catheter is primarily determined by
which variable?

a. Change in pressure
b. Radius of the catheter
c. Density of the fluid
d. Length of the catheter

2. Which of the following can provide the fastest possible infu-
sion rate?

a. Packed red blood cells six feet above the patient’s chest, via
a 12 Fr subclavian 16-cm-length triple-lumen catheter.

b. Lactated Ringer’s via the Belmont or level 1 infusion
device, attached to a 14 G × 6.25 cm peripheral IV
catheter.

c. A hand-inflated pressure cuff bag set to 200 mmHg deliv-
ering lactated Ringer’s via a sternal intraosseous cannula.

d. Hetastarch via a hand-inflated pressure cuff bag set to
300 mmHg, connected to the 7 Fr internal jugular triple-
lumen 20-cm-length catheter.

3. Characteristics of femoral venous catheterization include
all of the following, except:

a. Ease of access
b. Compressible location, should a hematoma occur
c. Contraindicated in the presence of inferior vena cava

disruption
d. Decreased rate of infection

4. Which of the following anatomic landmarks are correct?

a. The femoral vein is located lateral to the femoral artery
in what is referred to as “the femoral triangle.”

b. The central approach to the internal jugular vein requires
the identification of the sternal and clavicular heads of
the sternocleidomastoid muscle. The needle is inserted
at the junction of these two heads and is directed toward
the contralateral nipple.

c. The internal jugular vein lies posteromedial to the carotid
artery, at a depth no greater than 3 cm below the skin
surface.

d. The subclavian vein is an extension of the axillary vein
of the arm and courses parallel to the subclavian artery,
separated by the anterior scalene muscle, posterior to the
clavicle.

5. Internal jugular vein access should be obtained:

a. Via the left side, to decrease risk of pneumothorax
b. Preferentially, via the right side, because of the straighter

course of the vein
c. Ipsilateral to preexisting mediastinal injury
d. Contralateral to preexisting pneumothorax

6. Indications for insertion of an arterial line:

a. Significant hemodynamic changes in brief time periods
b. Frequent blood sample laboratory measurements
c. Improved blood pressure measurement, compared with

noninvasive measurement
d. Inability to assess oxygenation due to inaccurate

pulse oximetry, secondary to hypotension or hypother-
mia

e. All of the above.

7. Invasive arterial blood pressure monitoring:

a. May be obtained at the axillary or femoral artery as alter-
native sites because these arteries may be easier to access
in the hypotensive or hypothermic trauma patient.

b. Should first be attempted at the dorsalis pedis artery in
patients with severe diabetes or significant peripheral
vascular disease.

c. Often leads to arterial occlusion that is thought to be
permanent in most patients.

d. Is indicated in the American College of Surgeons shock
classifications I and II.
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8. Choose the true statement regarding IO access in trauma
patients:

a. IO cannulation accesses an arterial vessel, enabling fluid
and medication delivery similar to that achieved by cen-
tral venous access.

b. The IO conduit tends to be a venous system that collapses
quickly in states of hemodynamic compromise.

c. Placement of an IO line may be a viable alternative to
IV access in severely burned patients, in whom IV access
may be extremely difficult, if not impossible.

d. Lack of fluid flow or extravasation of fluid at the site
mandate the application of a pressure cuff bag to improve
flow.

9. Which of the following is appropriately paired with a rec-
ognized, common complication?

a. Peripheral intravenous catheter – Venous thrombosis
b. Subclavian vein catheter – Carotid artery puncture
c. Internal jugular vein catheter – Pneumothorax
d. Femoral vein catheter – Venous air embolism
e. Subclavian vein catheter – Pneumothorax

10. Benefits of central venous catheters in the trauma patient
include all of the following, except:

a. Larger caliber and more reliable vessels for the adminis-
tration of large volumes of fluid.

b. Monitoring of central venous pressures via the subcla-
vian, femoral, and internal jugular routes.

c. Potential conversion of internal jugular and subclavian
catheters to pulmonary artery catheters, should the need
arise.

d. Ability to infuse medications that may not be compatible
with peripheral intravenous administration.

e. Relatively contraindicated in the trauma patient because
of the much higher incidence of complications associated
with insertion in this patient population.

A N S W E R S

1. b
2. b
3. d
4. d

5. b
6. e
7. a

8. c
9. e

10. e
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M O N I T O R I N G T H E T R AU M A PAT I E N T

Elizabeth A. Steele, P. David Søran, Donn Marciniak, and Charles E. Smith

Objectives
1. List the basic guidelines for monitoring of patients receiving anesthesia.
2. Evaluate options, functions, use, and problems associated with monitoring devices, particularly

in the trauma setting.
3. Interpret the information provided by monitoring devices.

I N T R O D U C T I O N

In 1986, the American Society of Anesthesiologists (ASA) pre-
pared and approved “Standards for Basic Anesthetic Monitor-
ing” [1]. This document outlines the responsibilities of the
anesthesiologists in assessing patients’ vital signs throughout
the anesthetic period. Similar guidelines have been published
by the Australian and New Zealand College of Anaesthetists
(ANZCA) and The Royal College of Anesthetists [2, 3]. Both
the Royal College and the ASA note that, in extreme circum-
stances, provision of life-saving measures takes precedence over
application of monitors. Nonetheless, monitoring is intended
to improve the quality of care and outcome for patients, and
every attempt should be made to appropriately monitor the
trauma patient.

All anesthesia providers have an obligation to carefully
assess their patients receiving any form of anesthetic. Basic
principles include monitoring the physiologic variables of oxy-
genation, ventilation, circulation, and temperature. Oxygena-
tion can be assessed with pulse oximetry, inhaled and exhaled
gas analysis, and blood gas analysis. Ventilation is assured
by end-tidal carbon dioxide measurement, listening to the
patient’s breath sounds, and monitoring the ventilator. Cir-
culation is assessed by electrocardiogram and blood pressure
measurements, whether noninvasively by a cuff or invasively
by an intraarterial catheter. Circulation can also be monitored
invasively through echocardiography and pulmonary artery
catheter measurements. Urine output provides a rough esti-
mate of tissue perfusion and thus is another monitor for circu-
lation. Temperature measurement can take place at any number
of sites: esophageal, tympanic, and rectal being three options.
Neurologic monitoring is frequently employed for the trauma

patient. A good outcome is often synonymous with a good neu-
rologic outcome. Regardless of the type of technologic monitor-
ing methods employed, anesthesia providers are never relieved
of their obligations of vigilance and utilization of clinical
skills.

B A S I C S TA N DA R D S

Monitoring standards as outlined by the three major profes-
sional organizations are remarkably similar. The ASA standards
are helpfully organized into physiologic variables that must be
assessed on a regular basis: (1) oxygenation, (2) ventilation,
(3) circulation, and (4) temperature (Table 5.1). The Royal
College adds “general principles” such as patient identifica-
tion and availability of support services. Additional require-
ments include keeping adequate medical records, equipment
with functioning alarm systems, and personnel.

Intuitively, we believe that improvements in monitoring
improve patient safety and outcomes. However, few random-
ized, prospective studies exist that validate the use of intra-
operative monitors and these standards. Most analyses have
been pre- and postadoption of new monitoring devices. The
closed-claims studies by the ASA Committee of Professional
Liability noted a decrease in claims for severely injured patients
secondary to esophageal intubation and inadequate ventilation
in the 1990s as compared with the prior decade. They theo-
rized that this was due to the widespread adoption of pulse
oximetry and end-tidal carbon dioxide monitoring [4]. The
Australian Incident Monitoring Study (AIMS) analyzed the
role of monitors in detecting critical events in patients under-
going general anesthesia. In more than 50 percent of cases, a

8 1
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Table 5.1: American Society of Anesthesiologists (ASA) Monitoring Standards

Standard I Qualified personnel in the room at all times

Standard II Oxygenation Inspired gas Oxygen concentration in breathing circuit
Low oxygen concentration alarm

Blood oxygenation Quantitative measurement Pulse oximetry Variable pitch pulse tone
Low threshold audible

alarm
Observation Patient color Adequate exposure and

illumination
Ventilation Observation Clinical signs: chest excursion; reservoir bag movement; auscultation

of breath sounds
Quantitative

Monitoring
Volume of expired gas
End-tidal carbon dioxide

analysis
Audible alarm

Ventilator alarm Mechanical ventilator disconnect audible alarm
Circulation Electrocardiogram Continuous monitoring

Arterial blood
pressure

At least every five minutes

Heart rate At least every five minutes
One additional

modality
Pulse palpation, auscultation of heart sounds, intraarterial pressure tracing,

ultrasound peripheral pulse monitoring, or pulse plethysmography or
oximetry

Temperature When clinically significant changes are intended, anticipated, or suspected

monitor detected the incident prior to clinical observations. The
authors concluded that the analysis of events support monitor-
ing standards [5].

OX YG E N AT I O N ( TA B L E 5 . 2 )

Pulse Oximetry

The first commercially viable pulse oximeter was introduced
into clinical practice in 1974 and by the late 1980s was com-
monly used [6]. It quickly became the standard of care for its
ease of use, no need for special training, and freedom of dele-
terious side effects and risks for the patient.

Pulse oximeters use two wavelengths of light: red (660 nm)
and infrared (940 nm). The light is transmitted through tissue
(usually a finger) from one side of the sensor to a photodetec-
tor on the opposite side. The lights rapidly cycle on and off,
with background light being detected during the “off” phase
and subtracted from the equation. The lights cycle frequently
enough to detect changes in absorbance secondary to arterial
pulsations when larger amounts of oxyhemoglobin are flow-
ing through the tissues. Oxyhemoglobin and deoxyhemoglobin
vary in light absorption at different wavelengths. By compar-
ing the absorption at two wavelengths for oxy- and deoxyhe-
moglobin, a ratio is calculated by using both pulsatile (AC)
and static (DC) absorption. This wavelength absorption ratio
is converted to percent oxygen saturation.

R = AC660/DC660

AC940/DC940

One of the few randomized trials for commonly used intraop-
erative monitors involved more than 20,000 patients. Patients
were randomly assigned to the pulse oximetry group except
for neurosurgical and cardiac procedures [7]. Patients moni-
tored with pulse oximetry had significantly more respiratory
events noted in the operating room (OR) and postanesthe-
sia care unit (PACU). Those without oximetry monitoring
had more myocardial ischemia defined by angina and/or ST
changes. Overall, however, reductions in postoperative compli-
cations were not realized [8]. In a pediatric study, anesthesia
providers were blinded to pulse oximeter data. More than twice
as many patients with concealed oxygen saturation data suffered
a major desaturation event (SpO2 less than or equal to 85% for
at least 30 seconds) compared with those with available SpO2

data [9].
Delivery of oxygen to the tissues is accomplished by ade-

quate cardiac output and the oxygen-carrying capacity of
blood. Hemoglobin is the main transport system for oxy-
gen in the body with a smaller amount of oxygen dissolved
in blood. Several other hemoglobin species are commonly
seen in clinical practice that are not quantifiable by the stan-
dard pulse oximeter but can interfere with oxyhemoglobin
measurement. In the trauma patient with inhalational injury
or poisoning, methemoglobin (MetHgb) and/or carboxyhe-
moglobin (COHgb) may be present in significant amounts.
The patient with COHgb may have a high saturation on pulse
oximetry but truly have a low oxyhemoglobin, because much
of the hemoglobin is bound with CO (see Chapters 20 and 21).
Similarly, the patient with MetHgb has unreliable pulse oxime-
try values. Arterial blood gas must be sent in these cases. A
pulse co-oximeter is now commercially available that uses eight
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Table 5.2: Monitoring Technology for Various Organ Systems

Organ Monitored Technology

Lungs Arterial blood gas
Pulse oximeter
Mixed venous oxygen saturation∗

Capnography

Brain Intracranial pressure monitor
Transcranial Doppler
Electroencephalogram
Bispectral index
Cerebral oximetry
Jugular venous saturation

Brain and spinal cord Somatosensory evoked potentials
Motor evoked potentials

Heart ECG
Pulse contour analysis of arterial line
Echocardiography
Central venous pressure
Pulmonary artery catheter

Liver and gut Lactate
Gastric tonometry

Kidneys Urine output
BUN
Creatinine
Creatinine clearance
Urinary excretion of Na and Cr

Hematological Hemoglobin
Hematocrit
Coagulation tests (PT, PTT, INR)
Platelet count and function
Thromboelastography
Fibrinogen

∗Mixed venous oxygen saturation is a monitor of global oxygen delivery and
consumption. PT, prothrombin time; PTT, partial thromboplastin time;
INR, international normalized ratio.
Modified from Wilson WC, Shapiro B. Perioperative hypoxia. Anesthiol
Clin N Am 2001;19(4):769–812.

wavelengths of light to measure COHgb, MetHgb, and SpO2

[10]. Use of this pulse oximeter may be of definite benefit in
patients suspected of having COHgb and MetHgb.

Pulse oximetry provides several useful pieces of informa-
tion. Besides oxygen saturation, pulse oximetry gives a heart
rate and a plethysmographic tracing of the pulse. The heart rate
tone is pitched to vary with saturation so that the anesthesia
provider can watch the patient while simultaneously listening
for heart rate and saturation. In a trauma case with multiple
interventions occurring simultaneously, the volume of the pulse
oximeter should be loud enough to hear over the activities in
the OR.

In the healthy patient, saturation should be greater than
95 percent, particularly when receiving supplemental oxygen.
A decrease in SpO2 should prompt an investigation into the

cause of desaturation (e.g., hypoventilation, dead-space venti-
lation, low cardiac output states). The display of a pulse oxime-
try tracing also gives information about tissue perfusion. Poorly
perfused tissue may have a flattened tracing. The amplitude of
the wave tracing and the dicrotic notch position can vary with
vascular tone [11]. Sensors are usually placed on fingers, but
toes and earlobes are also commonly used. Sensors have also
been developed for noses and foreheads. Motion artifact may
interfere with pulse oximetry readings. Other confounders may
be dark fingernail polish, intravenous dyes, COHgb, MetHgb,
and deeply pigmented skin [12].

Blood Gas Analysis

Pulse oximetry provides near-instantaneous information
regarding patient oxygenation, but it has limitations. Moller
noted a 2.5 percent failure rate of oximetry overall, which
increased to 7.2 percent in ASA physical status IV patients.
Sicker patients, including trauma patients, are more likely to
suffer from low-perfusion states, which may hamper pulse
oximetry readings. Trauma patients may also have dyshe-
moglobinemias, which give inaccurate pulse oximetry readings.
Blood gas analysis is a more sensitive measurement of oxygena-
tion. Lysed red blood cells are suspended in a cuvette. By using
Beer’s Law, absorption of light at different wavelengths is cal-
culated to provide concentrations of the various hemoglobin
species. It provides dissolved oxygen content (PaO2) as well as
oxyhemoglobin, MetHgb, and COHgb measurements. Using
the PaO2 value as compared with the alveolar oxygen, one
can calculate the A–a gradient to provide diagnosis of relative
hypoxemia.

Alveolar gas equation (PAO2) = FiO2(PB − PH2O)

− (pCO2/0.8)

Where FiO2 = inspired O2 concentration; PB = baromet-
ric pressure at sea level, 760 mmHg; PH2O = saturated water
vapor pressure, 47 mmHg; pCO2 = arterial CO2; 0.8 = res-
piratory quotient; and A = a gradient: PAO2 – PaO2.

Blood gas analysis also provides information regarding ven-
tilation (PaCO2), perfusion (pH, lactate), cellular metabolism
(cyanide toxicity), resuscitation (Hgb/Hct), and electrolyte bal-
ance (Na, Cl, HCO3, K, glucose). Mixed venous blood oxygena-
tion analysis can also be followed for resuscitation (Table 5.2).
Blood is sampled from the PA catheter, which is covered later
in this chapter.

Continuous intraarterial blood gas monitoring (CI-
ABGM) is a method for measuring arterial pH, PCO2, PO2,
and temperature in real time. These devices are composed of
a series of fiberoptics as well as sensing electrodes that pro-
vide continual measurements of pH, PCO2, PO2, and temper-
ature [13]. A product is currently available called Paratrend 7
(Diametric Medical, St. Paul, MN). The sensor is housed in a
heparin-coated sheath and is placed through a femoral or radial
artery cannula directly into the arterial circulation, typically 4–7
cm beyond the cannula tip [14]. The sensor must be calibrated
in vitro prior to insertion. Once properly placed, the sensor pro-
vides continuous real-time measurement of the arterial blood
gas. Multiple studies and case reports have been done using this
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Figure 5.1. Normal capnogram. Line A-B represents the baseline of 0. Line B-C is the ascending limb of the
expiratory gas with a mixture of dead space and alveolar air. Line C-D is the alveolar plateau where end-tidal CO2

is measured. Line D-E is the descending limb with decreasing concentration of CO2. From Idris AH. End-tidal
carbon dioxide physiology and monitoring during resuscitation. Anesthesiol Clin N Am 1995;13(4):790. Used
with permission.

device. The results have been shown to correlate with blood
gas measurements made off-line in the laboratory in both adult
and pediatric patients [13, 15]. The device provides immediate
data without having to wait for an off-line laboratory to analyze
the sample. This allows for more timely clinical intervention to
correct abnormalities. One drawback to the device is that one
study found that the sensor can cause dampening of the arterial
pressure waveform [13].

Inhaled/Exhaled Gas Analysis/Monitor Alarms

Monitoring standards have long recognized the importance of
verifying the concentration of oxygen in breathing circuits [16].
Alarms, both audio and visual, alerting anesthesia providers
to low oxygen concentration must be used when anesthesia
machines are used to provide general anesthesia. The AIM Study
noted that 5 of 1,256 incidents were not detected by the oxy-
gen analyzer because the alarm had been disabled. The inci-
dents that were detected included ventilator-driving-gas leaks,
hypoxic mixtures, gas leaks, and partial and total ventilation
failures [17]. Most anesthetic delivery systems analyze inspired
concentrations of oxygen. Polarographic analyzers are used in
anesthesia machines. A gas-permeable membrane allows gas to
access a metal cathode in an electrolyte solution. The solution
reduces oxygen and generates a charge. The current flow is pro-
portional to the amount of oxygen in the sample [18]. Oxygen
analyzers are on the inspiratory limb of the anesthesia circuit,
so they do not detect disconnects as gas continues to flow past
the sensor.

Redundant safety measures such as gas-sampling measure-
ments in addition to an oxygen analyzer on the anesthesia
machine, proportioning systems for oxygen and nitrous oxide,
minimum oxygen flow rates on ventilators, low oxygen pres-
sure alarms, and backup oxygen tanks help to minimize the
potentially catastrophic delivery of hypoxic gas mixtures.

V E N T I L AT I O N

End-tidal CO2 Analysis

Carbon dioxide is in low concentrations in atmospheric air
(about 0.03%), but several times this amount is present in
exhaled air [19]. Carbon dioxide, a by-product of metabolism,
is commonly monitored to assess the ventilatory status of a
patient. The efficacy of ventilation, that is, the elimination of
CO2, can be assessed by both PETCO2 values and capnogram

analysis (Figure 5.1). There is a pressure gradient, typically 3–
5 mmHg, from PaCO2 (arterial) to PACO2 (alveolar) to end-
tidal carbon dioxide (PETCO2) that is attributable to physiologic
shunting and V/Q mismatch [20]. During general anesthesia,
this pressure gradient increases to 5–10 mmHg [21].

CO2 concentration is measured using infrared spec-
troscopy. The absorbance of light at 4.28 μm is proportional to
the amount of carbon dioxide in a sample [22]. The infrared
radiation that passes through the sample is measured by a pho-
todetector and converted to an electric signal and graph. Gas
may be sampled by removing air (about 150 mL/min) from the
circuit in side-stream analysis or a monitor can be inserted into
the circuit in main-stream analysis measuring carbon dioxide
concentrations as air moves past a sampling window. For the
ventilated patient, the sample is taken from the anesthesia cir-
cuit just proximal to the endotracheal tube. Exhaled CO2 should
also be measured from the spontaneously breathing patient via
an attachment to the nasal cannulae or tubing secured to the
upper lip and nares. This method has been validated even in
small children [23].

PETCO2 monitoring comes in many forms. A capnograph
is an instrument that measures carbon dioxide throughout the
respiratory cycle. The graphical display of a capnograph is called
a capnogram (PETCO2 concentration over time). Although cap-
nometry displays only numerical values for carbon dioxide,
capnography is preferred for the operating room as it gives
valuable information regarding a patient’s cardiopulmonary
function.

Measurement of exhaled CO2 is used throughout hospi-
tals, not just in operating rooms, to verify endotracheal tube
placement. In the operating room, exhaled CO2 measurement
is used for the duration of the case. Members of Eichhorn’s
group in Boston were among the first to advocate monitoring
standards [24]. A few years later Eichhorn analyzed severe intra-
operative events attributable solely to anesthetic management.
In seven of eleven cases, unrecognized hypoventilation was the
cause. Capnography presumably would have prevented these
cases [25].

Pulse oximetry alone will not detect hypoventilation/
hypercapnia in the patient receiving supplemental oxygen. In
a sample of pediatric patients undergoing dental procedures
with sedation and supplemental nasal cannulae oxygen, two
anesthesia providers simultaneously monitored patients. One
used “traditional” methods of assessment – precordial stetho-
scope and observation of chest movement and skin color. The
second observer added pulse oximetry and a capnograph. Ten
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Table 5.3: Causes of Increased or Decreased End-tidal CO2

High CO2 Low CO2

Increased production Decreased elimination Decreased production Increased elimination

Hyperthermia

Malignant hyperthermia

Cancer

Burn

Sepsis

Asthma

COPD

Inadequate ventilation
(Ventilator settings, drugs,
fatigue)

Anesthesia

Paralysis

Hypothermia

Coma

Hyperventilation

Anxiety/vent strategy

Tourniquet and aortic cross-clamp release, IV bicarbonate administration
and CO2 insufflation for laparascopy may all increase PETCO2 transiently.
Rebreathing and exhausted soda lime may give elevated CO2 levels that
are unrelated to patient conditions and attributable to ventilator
errors.

Esophageal intubation, airway obstruction, partial or complete
disconnection of ventilator can present as low PETCO2 (or
absent PETCO2). Arterial CO2 may be normal or high in
actuality. Hypotension, shock, and PE may give low PETCO2

values due to decreased blood flow through the lungs.

PETCO2, end-tidal carbon dioxide; COPD, chronic obstructive pulmonary disease; PE, pulmonary embolus.

of thirty-nine sedated patients had airway compromise. All ten
incidences were detected by capnography, three by traditional
methods, and none by pulse oximetery [26].

CO2 monitoring ensures that ventilation is taking place
and is adequate: either keeping the patient in a physiologic
range or in a therapeutic range, such as decreased PETCO2 for
the patient with increased intracranial pressure. Coté and col-
leagues studied 331 children and found thirty-five events with
exhaled CO2 monitoring, of which twenty were potentially crit-
ical including, malignant hyperthermia, accidental extubation,
and endobronchial intubation [27]. In another series, 11 of 153
patients had major capnographic events, including esophageal
intubation, accidental extubation, disconnection or endotra-
cheal tube obstruction (Figure 5.2). Of these eleven, eight went
on to desaturate [29].

CO2 production can vary between patients, as can elimina-
tion (Table 5.3). Patients with chronic obstructive pulmonary
disease may have a sloped plateau on their capnogram indi-
cating CO2 trapping (Figure 5.3). A patient with normal CO2

production may have a low PETCO2 if they have large amounts of
dead-space ventilation (pulmonary embolism) or if blood flow
through the lungs is decreased (profound hypotension, shock).
In fact, a sudden decrease in PETCO2 can be a first warning of
impending circulatory collapse. Capnography also gives an easy
visualization for respiratory rate, in particular, if the patient is
covered with surgical drapes, as with eye surgery. Alarms are

linked to the capnogram for high and low CO2 values as well as
respiratory rate.

End-tidal CO2 monitoring has been used to predict car-
diac output after weaning from cardiopulmonary bypass and
to predict outcome after resuscitation from cardiac arrest [28].
PETCO2 concentrations appear to correlate with cardiac output
(Figure 5.4). There is a rapid increase in PETCO2 with restora-
tion of spontaneous circulation. Thus, if alveolar ventilation and
CO2 production are constant, PETCO2 can be used to monitor
lung perfusion and cardiac output. The relationship between
cardiac output and PETCO2 is not linear. Decreased presenta-
tion of CO2 to the lungs is the major, rate-limiting determinant
of the PETCO2 during low-flow hemorrhagic shock states. As
the cardiac output increases during resuscitation from shock
or cardiac arrest, respiration becomes the rate-limiting con-
troller of the PETCO2 after tissue washout of CO2 has occurred.
Under such conditions, the PETCO2 provides useful informa-
tion about the adequacy of ventilation, provided that there is
little ventilation/perfusion mismatch [29].

Precordial/Esophageal Stethoscope

As the capnogram provides valuable information about the ven-
tilation of the patient, precordial and esophageal stethoscopes
can also be used to monitor ventilation. A precordial stetho-
scope is placed on the chest wall with tubing connected to an

Figure 5.2. Capnogram showing esophageal intubation. Initially there may be some end-tidal CO2 from the
stomach. However, the end-tidal CO2 will then rapidly decline to 0 over the next five breaths. For this reason,
capnometry should be verified after five breaths. From Idris AH. End-tidal carbon dioxide physiology and
monitoring during resuscitation. Anesthesiol Clin N Am 1995;13(4):792. Used with permission.
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Figure 5.3. Capnogram in a patient with chronic obstructive pulmonary disease or acute asthma. Obstruction in
the expiratory gas flow is seen as a change in the slope of the ascending limb. The expiratory portion may decrease
without a plateau. From Idris AH. End-tidal carbon dioxide physiology and monitoring during resuscitation.
Anesthesiol Clin N Am 1995;13(4):790. Used with permission.

ear piece. This allows the anesthesia provider to listen to breath
sounds and the heart rate during a case, in particular, if the
patient is covered with surgical drapes. Left-chest placement,
for example, will allow one to detect a main-stem intubation
if breath sounds markedly diminish. Others prefer a sternal
notch placement over the trachea. An esophageal stethoscope
is a small tube placed into the distal portion of the esophagus
at a depth of 28–32 cm in the adult. This places the stetho-
scope behind the heart, making this site advantageous for heart
sounds and breath sounds [30]. The tubing connected to the
ear piece should be long enough to comfortably reach the anes-
thesia provider and not interfere with the surgical field. Most
esophageal stethoscopes currently in clinical use have a sensor
at the distal end used to monitor patient temperature.

In an analysis by the Australian Incident Monitoring Study,
only 5 percent of reported cases used continuous stethoscopic
monitoring. The authors theorize that slightly over half of the
1,256 incidents could have been detected with stethoscope alone
if the event had been allowed to evolve [31]. Almost a decade
later, pediatric anesthesiologists in Great Britain and Ireland
responded to a survey that one-third never use stethoscopes
and two-thirds use them occasionally. Nonetheless, one-third
admitted to having critical incidents detected through stetho-
scope use [32]. Meanwhile, in the United States at an academic

institution more than half of 520 cases used an esophageal
stethoscope [33].

Once ubiquitous, continuous monitoring by stethoscope
has fallen out of favor. Stethoscopes are unlikely to cause com-
plications, unlikely to have device failure, and are inexpensive
and easy to replace. Their use has been superceded by more com-
plex monitors such as end-tidal gas analysis and pulse oximetry,
but they should not be omitted.

Ventilator Settings/Alarms

Anesthesia ventilators are sophisticated pieces of equipment.
With each case, settings should be checked and adjusted to suit
the patient and case needs. Some alarms provide information
about the patient and others about the function of the machine.
Examples include a low limit on oxygen concentration and low
minute ventilation and pressure alarms. Pressure alarms are set
for both high and low pressure. Low pressure may indicate a
leak in the machine or breathing circuit such as a disconnect.
High-pressure alarms are likely due to patient conditions such as
reduced lung compliance, secretions in the endotracheal tube,
and dyssynchronous ventilation. An important safety feature of
the anesthesia machine is a low gas pressure alarm alerting the
anesthesia provider to a failing gas supply. All ventilators are

Figure 5.4. During steady state, end-tidal CO2 reflects cardiac output and blood flow. In this calf experiment (125 kg), blood flow was reduced to 10
percent of baseline and then back to baseline. The second half of the tracing is at higher speed. BP = aortic blood pressure. From Idris AH. End-tidal
carbon dioxide physiology and monitoring during resuscitation. Anesthesiol Clin N Am 1995;13(4):793. Used with permission.
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Table 5.4: Etiologies of Pulseless Electrical Activity (PEA): 5 H
and 5 T

Hypovolemia

Hypothermia

Hyper- and hypokalemia

Hydrogen ion acidosis

Hypoxemia

Tension pneumothorax

Tamponade

Thrombosis: pulmonary embolus

Thrombosis: coronary artery thrombosis

Tablets: drug overdose

equipped with alarms that should be activated for optimum
patient safety.

C I R C U L AT I O N

Electrocardiogram

The ASA monitoring standards mandate the placement of sur-
face electrocardiograms (EKGs). EKG leads should be placed
on all trauma patients in the operating room. The data EKGs
obtain in the OR should ideally be compared with the preop-
erative EKG. This enables the anesthetist to determine whether
abnormalities seen during surgery are the result of new pathol-
ogy or a reflection of baseline preoperative status.

Most surface EKG systems employ five electrodes (one on
each limb plus one placed in the precordium). This enables
simultaneous recording of the six standard frontal-limb leads
and one precordial lead. The precordial lead is traditionally
placed in the V5 position in the fifth intercostal space in the
anterior axillary line. One of the advantages of this system is
that lead II and V5 can both be monitored simultaneously. This
allows for detection of 90 percent of ischemic episodes. Lead
II is also extremely useful in detecting atrial and ventricular
arrhythmias. EKG electrodes are traditionally placed by using
adhesive gel buttons. These pads improve the conduction of
electrical signals from the heart through the skin. In the setting
of severe skin burns, the leads can be placed on the patient by
using small-gauge needles placed subdermally.

There are multiple EKG changes that can be seen in the
trauma patient. These can be due to metabolic derangements
as a result of hemorrhage and resuscitation, structural injury to
the heart itself, or central nervous system injury. Furthermore,
the presence of an EKG signal does not guarantee perfusion
such as with pulseless electrical activity.

Pulseless electrical activity, or PEA, occurs when there is
electrical activity in the heart but no myocardial contraction.
PEA can be from multiple causes pertinent to the trauma
patient, including cardiac tamponade, tension pneumothorax,
hypovolemia, hyperkalemia, and hypothermia among others
(Table 5.4).

Patients are at risk for ischemia in the setting of hemorrhage,
high circulating catecholamines, and/or the presence of base-

Figure 5.5. Hyperkalemia. Note the tall, pointed T waves. Potassium was
6.1 mEq/L. From Marriott HJL. Practical Electrocardiography, 6th edi-
tion. Baltimore: Williams & Wilkins, 1977, p 308.

line coronary disease. Patients are also prone to EKG changes
related to electrolyte abnormalities. Trauma patients are resus-
citated with intravenous crystalloid and blood products. Blood
products contain citrate, which chelates calcium. As a result,
blood product volume resuscitation often leads to hypocal-
cemia. EKG changes associated with this include prolonged QTc
and ST changes. Potassium abnormalities are also common in
trauma patients. Hyperkalemic patients have peaked T waves,
shortened QT, diminished p waves, and bundle branch block
(Figures 5.5 and 5.6). Hypokalemic patients can have widened
QRS, ST depression, T wave flattening, and U waves. Trauma
patients are frequently hypothermic and may have EKG changes
consistent with this such as sinus bradycardia, Osborn waves,
and prolonged QT intervals [34] (Figure 5.7).

Cardiac contusion from trauma can also cause EKG
changes. Rhythm disturbances such as SA nodal abnormali-
ties, AV junctional dysfunction, and intraventricular conduc-
tion delay have all been described. More commonly, nonspecific
ST and T wave changes may be present [35, 36]. Low-voltage
EKG and electrical alternans can be seen in pericardial effusion
(Figure 5.8).

EKG changes are often seen in patients with cerebral trauma.
Multiple changes have been described in subarachnoid hemor-
rhage, including ST and T wave changes, rhythm disturbances,
and, more commonly, QT prolongation with giant negative T
waves [37].

The correct diagnosis of EKG changes is essential in the safe
management of the trauma patient.
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Figure 5.6. Advanced hyperkalemia showing tall, peaked T waves, absent
P waves, widened QRS complexes, and irregular rhythm. Potassium was
8.1 mEq/L. From Marriott HJL. Practical Electrocardiography, 6th edi-
tion. Baltimore: Williams & Wilkins, 1977, p 269.

Figure 5.8. Electrical alternans. Note the alternating amplitude of the QRS complexes. Electrical alternans is an important part of the pattern of
pericardial effusion. The triad of electrical alternans, low voltage, and ST segment is virtually diagnostic of pericardial effusion. Photo courtesy of Kara
Quan, MD, MetroHealth Medical Center, Cleveland, Ohio.

Figure 5.7. Hypothermia. When the body temperature falls below 30◦C,
characteristic changes develop. All intervals may lengthen (R-R, PR, QRS,
QT) and elevated J deflection points appear (Osborne waves). Atrial
fibrillation may develop at about 29◦C. From Marriott HJL. Practical
Electrocardiography, 6th edition. Baltimore: Williams & Wilkins, 1977,
p 305.
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Blood Pressure

ASA monitoring standards mandate that blood pressure be
checked at least every five minutes. Blood pressure can be mea-
sured noninvasively with a blood pressure cuff or invasively
with an intraarterial catheter.

Three measurements of arterial blood pressure are com-
monly recorded on anesthetic records: systolic and diastolic
blood pressure (SBP and DBP) and mean arterial pressure
(MAP). With the forceful expulsion of blood from the left ven-
tricle, a pressure wave and a flow wave are generated. The pulse-
pressure wave moves at a rate of 10 m/sec and is transmitted
throughout the arterial vascular tree. This wave is measured by
invasive or noninvasive means to determine arterial blood pres-
sure. The further one moves from the aorta, SBP as measured in
peripheral arteries is greater; similarly, the lower the MAP and
DBP, the narrower the wave form [38]. Arterial BP can be cal-
culated as the product of vascular resistance and cardiac output.
Multiple factors influence both resistance and cardiac output,
including heart rate, stroke volume, blood volume, compliance
of the vascular system, and sympathetic stimulation.

Noninvasive monitoring is accomplished by an inflatable
cuff that is placed around an extremity and inflated to a pres-
sure greater than systolic blood pressure. As the cuff is deflated,
blood pressure is determined either by auscultation of Korotkoff
sounds or by oscillations of air pressure in the cuff from arte-
rial pulsations. Oscillometric measurements are the automated
blood pressure cuffs most frequently employed in operating
rooms.

Currently, multiple devices designed to continuously mon-
itor arterial blood pressure noninvasively are commercially
available. The T-Line Tensymeter (Tensys Medical, Inc., San
Diego, CA) is based on the concept of arterial tonometry. A
pressure sensor is placed over the radial artery. Arterial pulsa-
tions are detected by the sensor and displayed as a continuous
arterial waveform [39]. The advantages of the device are that
invasive catheter placement is not required, meaning that health
care personnel are not potentially exposed to needle injuries and
blood contamination associated with invasive catheter place-
ment. Also, there is no risk of vascular injury and ischemic
complications to the patient. This device does have limitations,
however. First, patient movement of the limb being monitored
grossly affects measurement, meaning the device is only fea-
sible in anesthetized or heavily sedated patients. Second, it is
vital that the sensor be placed in the optimal position over the
artery and applied with enough force to measure pulsations of
the arterial wall. The T-line device has a servo-controlled sen-
sor that is constantly adjusted to optimize the signal. Third, the
user is unable to obtain arterial blood samples from the nonin-
vasive monitor. A recent study evaluating the efficacy and accu-
racy of this device in comparison with invasive arterial mon-
itoring found correlation between the two methods to within
15 mmHg in 94 percent of measurements.

Another available device is the Vasotrac. This uses a sensor
to provide frequent mild compression and decompression of
the radial artery and measure multiple signals. A proprietary
algorithm is used to convert these measurements into an arte-
rial waveform that is displayed on a monitor. This display is
updated every twelve to fifteen heartbeats, so the monitor is
not totally in real time. A multicenter trial showed good corre-
lation with invasive monitoring [40]. This device shares similar

advantages and limitations as the T-Line: patient movement
makes measurement inaccurate, proper placement is required,
and blood samples cannot be obtained.

Noninvasive continuous arterial blood pressure monitor-
ing has been shown to correlate to invasive data in multiple
studies. However, further studies are needed to evaluate effi-
cacy in the settings of massive volume resuscitation, unstable
cardiac rhythms such as atrial fibrillation, and in the setting of
significant peripheral vascular disease.

To measure blood pressure invasively, a catheter is inserted
in a peripheral artery, commonly the radial or femoral, and
attached to fluid-filled stiff tubing with a sampling port, flush-
ing device, and pressurized fluid bag. The pressure wave of
ventricular ejection is transmitted through the fluid to a sensor.
Deformation of the sensor changes electric current and resis-
tance through a transducer that converts it to a wave form. The
transducer pressure is “zeroed” to atmosphere at the level of
the right atrium in most cases but can be placed at the level
of the Circle of Willis for estimation of brain perfusion. Arte-
rial pressure information can also be obtained by an intraaortic
balloon pump. The balloon pump inflates and deflates in time
with the cardiac cycle as detected by EKG and pressure wave.
The intraaortic balloon pump is used to “off-load” the failing
heart and is not a primary monitoring device for anesthetic
care.

Intraarterial monitoring is most commonly used for the
trauma patient for multiple reasons: rapid fluctuations in blood
pressure may accompany the resuscitation as patients lose
large amounts of blood, cardiothoracic and cranial injuries
require close monitoring of physiologic variables and frequent
lab draws to assess ventilation, oxygenation, and resuscitation
parameters (see Chapter 4). A video of the insertion of a radial
artery catheter is available on the website of the New England
Journal of Medicine (http://content.nejm.org/cgi/video/354/
15/e13/).

Arterial Pulse Contour Analysis

Assessing the volume status in trauma patients is critical in
their resuscitation as many patients will have hemodynamic
instability and hypotension from various causes (Tables 5.5 and
5.6) [41–43]. As an arterial line is commonly placed in the
trauma setting, arterial pulse contour analysis provides useful
information in the form of pulse pressure and systolic pressure
variation.

The Frank–Starling curve describes the relationship
between stroke volume and preload (Figure 5.9). This is a curvi-
linear relationship. In the condition of preload dependence,
reflected on the ascending portion of the curve, an increase in
preload will induce an increase in stroke volume. If the ventri-
cle is operating on the flat portion of the curve, an increase in
preload will not induce the same change in stroke volume. If the
patient’s ventricles are operating on the ascending portion of
the curve, they are considered to be responders to volume aug-
mentation and are nonresponders if the ventricles are operating
on the flat portion of the curve. Interpretation of arterial pulse
contour analysis can aid in determining on what portion of the
curve the patient is operating and guide volume expansion.

Arterial pulse contour changes stem from changes in
preload during the respiratory cycle. The patient must be
mechanically ventilated and in sinus rhythm for the anesthesia
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Table 5.5: Differential Diagnosis of Hypotension in Trauma

Undetected or underestimated blood loss

Other causes of hypovolemia

Insensible losses

Redistribution to extravascular space

Gastrointestinal loss

Renal loss

Excessive venodilation

Obstructive shock

Tension pneumothorax

Pericardial tamponade

Massive pleural effusion

Hemothorax

Abdominal compartment syndrome

Venous occlusion: air embolism, thrombus, tumor,

Pregnancy: aortocaval compression

Atrial occlusion: air embolism, tumor, thrombus

Cardiogenic shock

Blunt cardiac injury with myocardial contusion and ventricular
dysfunction

Preexisting medical disease (e.g., cardiomyopathy, valvular heart
disease)

Myocardial infarction

Vasodilated shock

Spinal cord injury

Anaphylaxis (see Table 5.6)

Adrenal insufficiency

Arteriovenous fistula

Sepsis

Systemic inflammatory response syndrome (SIRS)

Hepatic failure

Miscellaneous

Acidosis

Hypothermia

Hypocalcemia

Modified From Duan Y, Smith CE, Como JJ. Cardiothoracic trauma. In
Wilson WC, Grande CM, Hoyt DB, ed. Trauma Emergency Resuscitation
Perioperative Anesthesia Surgical Management. New York: Informa
Healthcare, 2007, pp 469–99; and Palter MD, Cortes V. Secondary triage of
the trauma patient. In Civetta JM, Taylor RW, Kirby RR, ed. Critical Care,
3rd edition. Philadelphia: Lippincott–Raven, 1997, pp 1045–63.

Table 5.6: Monitoring for Anaphylaxis During Anesthesia

System Symptoms and Signs

Pulmonary Dyspnea, tachypnea, stridor (laryngeal edema),
wheezing (bronchospasm), decreased
compliance, increased airway pressures, hypoxia

Cardiovascular Hypotension, shock, tachycardia, arrhythmias

Skin Hives, edema, itching, burning, edema,
diaphoresis, increased skin temperature

Neurologic Altered level of consciousness

Modified from Levy JH, Yegin A. Anaphylaxis. What is monitored to make a
diagnosis? Anesthesiol Clin N Am 2001;19:705–15.

care provider to derive meaningful data. When pleural and
transpulmonary pressures are increased during mechanical
ventilation of the lung, systemic venous return is impaired,
causing a decrease in right ventricular (RV) filling [44] and an
increase in RV afterload, and thus a transient decrease in RV
ejection [45]. When intrathoracic pressure is increased dur-
ing inspiration, RV stroke volume may be reduced, resulting
in a preload reduction of the left ventricle (LV). This cyclical
respiratory variation in LV stroke volume can be observed in
arterial pressure throughout the respiratory cycle [46, 47] (Fig-
ure 5.10). When the LV is functioning on the steep portion
of the Frank–Starling curve and small changes in preload can
produce significant changes in cardiac output, these changes are
exaggerated. During periods of volume loading, it is hypothe-
sized that there is a decrease in West’s Zone 2 of the lung, which
results in a decrease in RV afterload [48]. Thus, the changes
seen in the arterial waveform are probably not due entirely to
preload factors.

Stroke volume

Ventricular preload

A

B

Figure 5.9. Frank–Starling relationship between ventricular preload and
stroke volume. A given change in preload results in a larger change in
stroke volume on the steep portion (A) compared with the flat portion (B)
of the curve. (From Michard F, Teboul JL. Using heart-lung interactions
to assess fluid responsiveness during mechanical ventilation. Crit Care
2000;4:283. Used with permission.
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Figure 5.10. Hemodynamic effects of mechanical ventilation over time. Left ventricular (LV) stroke volume is maximum at the end of inspiration and
minimum during expiration. Cyclic changes in LV stroke volume are related to the expiratory decrease in LV preload. RV, right ventricle. From Michard
F, Teboul JL. Using heart-lung interactions to assess fluid responsiveness during mechanical ventilation. Crit Care 2000;4:284. Used with permission.

Systolic pressure variation (SPV) is the difference in mini-
mum and maximum systolic BP over one respiratory cycle (Fig-
ure 5.11). SPV occurs via changes in aortic transmural pressure
and extramural changes, such as effects of pleural pressure [49].
It can be calculated with the following equation:

�SPV(%) = 100 × (SBPmax − SBPmin)/

[(SBPmax + SBPmin)/2]

Figure 5.11. Respiratory changes during mechanical ventilation. The dif-
ference between maximal and minimal values of systolic blood pressure
over a single respiratory cycle is the systolic pressure variation (SPV).
From Michard F, Teboul JL. Using heart-lung interactions to assess fluid
responsiveness during mechanical ventilation. Crit Care 2000;4:286. Used
with permission.

SPV is divided into two components, �up and �down.
These values represent the maximum and minimum variation
in systolic blood pressure during one respiratory cycle com-
pared with a reference value. These changes represent changes
in LV stroke volume by a combination of changes in LV preload
and afterload, or extramural aortic pressure. SPV ≥ 12 mmHg
is considered a threshold value for volume responders versus
nonresponders [50]. �down may be a more significant predic-
tor of fluid responsiveness than SPV as a whole, with 5 mmHg
being the threshold value [50].

Pulse pressure (PP) variation is the difference between the
diastolic and systolic BP, with a peak and trough over a single
respiratory cycle (Figure 5.12). It can be calculated with the
following equation:

�PP(%) = 100 × (PPmax − PPmin)/

[(PPmax + PPmin)/2]

Pulse pressure variation depends on changes in aortic trans-
mural pressure and is directly proportional to LV stroke volume
and inversely related to arterial compliance. Pulse pressure vari-
ation is not directly influenced by changes in pleural pressure,
because the increase in pleural pressure by positive pressure
ventilation will influence both systolic and diastolic pressures.
In patients undergoing coronary artery bypass grafting, a pulse
pressure variation ≥11 percent was found to have a sensitivity
of 100 percent and a specificity of 93 percent as an indicator for
an increase in cardiac output after volume administration [51].

SPV and pulse pressure variation can be valuable tools in
assessing the volume status in trauma patients. Much research
has been done in septic patients, but those findings have also
been validated in hemorrhagic shock as well. SPV has been
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Figure 5.12. Respiratory changes in blood pressure and airway pressure
during mechanical ventilation. Pulse pressure (PP) variation is the dif-
ference between the diastolic and systolic blood pressure, with a peak and
trough over a single respiratory cycle. From Michard F, Teboul JL. Using
heart-lung interactions to assess fluid responsiveness during mechanical
ventilation. Crit Care 2000;4:282–9. Used with permission.

evaluated to assess the effects of hemorrhage on pulse contour
in human and animal subjects [52–55] and has been compared
with pulse pressure variation in conditions of severe hemor-
rhage in an animal study [56]. Data support using these mea-
sures as assessors of intravascular depletion. However, there is
some evidence that pulse pressure variation may overestimate
the severity of hemorrhage by up to 10 percent of patients when
blood loss approaches 40–50 percent, but the clinical relevance
of this is not clear [56]. A particular advantage of pulse pressure
variation and SPV in the trauma setting is that it is a dynamic
estimate of volume status. Blood loss can occur quickly and
profoundly in this patient group and more “static” measure of
volume such as central venous pressure (CVP) and pulmonary
artery occlusion pressure (PAOP) may take longer to reflect
such changes [50, 57]. A practical advantage to using arterial
waveform analysis as a guide to fluid resuscitation in trauma is
that it is relatively safe, it is less prone to complications, and it
is typically much faster than placing a central venous line or a
pulmonary artery catheter.

Resuscitating a patient with an emergent thoracotomy is
often a challenge due to the hemorrhage that typically precedes
the procedure and the large insensible losses occurring peri-
operatively. Pulse pressure variation has been shown to be an
accurate indicator of volume status in the open chest condi-
tion [58]and following cardiac surgery [51]. Typical monitors
like CVP and PAOP are of questionable reliability as altered
intrathoracic pressure clouds their meaning. Because SPV is
derived in part from intrapleural pressure effects, it too should
be used cautiously. An abundance of data does not exist for
monitoring volume status in this subset of patients, but pulse
pressure variation may be a reliable, dynamic indicator to guide
clinical intervention. When combined with blood gas analysis
and monitoring of urine output, pulse pressure variation gives
the anesthesiologist much more insight into the resuscitation.

C E N T R A L V E N O U S P R E S S U R E

For the anesthesiologist, central venous access most commonly
is obtained in the internal jugular vein. Other options include
the subclavian and femoral veins (see Chapter 4). The internal
jugular and subclavian provide pressures for the superior vena
cava as the tip of the catheter sits at the superior vena cava/right
atrial junction. Traditional thinking maintains that CVP is an
indicator of preload. Right atrial pressure is a major determi-
nant of right ventricular volume, which in turn supplies the
left side of the heart. By monitoring trends in CVP, one can
assess fluid status. CVP should be measured at end-expiration
as intrathoracic pressures are transmitted to the venous system.
The preferred position for the CVP transducer is at the top of
the right atrium, approximately 5 cm below the sternal border
at the fourth intercostal space [59]. Cardiac events are reflected
in the CVP waveform. A wide variety of hemodynamic abnor-
malities can be identified by analyzing the components of the
CVP. For example, in atrial fibrillation, the a wave disappears
and the c wave becomes more prominent. With pericardial tam-
ponade, there is elevation and equalization of diastolic filling
pressures. The x descent is preserved and the y descent is damped
because of restricted early right ventricular filling [60]. Tricus-
pid regurgitation produces abnormal systolic filling of the right
atrium through the incompetent valve, which results in a ven-
tricularized pressure trace. During a premature ventricular con-
traction, cannon A waves can be seen on the CVP tracing. This
is caused by the right atrium contracting against a closed tricus-
pid valve [34]. Absence of normal atrioventricular synchrony
(AV dissociation or junctional rhythm) can also result in can-
non A waves. With pulmonary contusion, CVP was found to be
a better estimate of cardiac preload than pulmonary capillary
wedge pressure [61], likely due to increased pulmonary vascular
resistance, airway resistance, and dead-space ventilation.

Clinical use of central venous access in the trauma patient
is mostly for resuscitation and monitoring (Table 5.7). For the
patient facing a prolonged hospitalization and recovery period,
central access is used for frequent blood sampling, infusion
of caustic substances such as vasoactive pharmaceuticals, and
hyperalimentation. Central venous access has utility in trauma
patients long after they have left the operating room.

Goal-directed therapy for resuscitating septic patients gives
target CVPs between 8 and 12 mmHg to optimize tissue per-
fusion [62]. But using central pressures to guide therapy has
been called in to question because the outcomes are not nec-
essarily better. In addition, multiple studies have shown that
measured hemodynamic pressures do not correlate with vol-
ume changes. Even healthy subjects do not show a “predictable
relationship” between pressure and volume preload indices and
cardiac performance variables [63]. Nonetheless, trends in CVP
are commonly used to guide fluid therapy. Other methods for
assessing volume status are often employed, such as arterial
pulse contour analysis, pulmonary artery (PA) occlusion pres-
sure, urine output, capillary refill, and direct visualization with
echocardiography.

Central venous oxygen saturation can also be measured to
assess tissue perfusion in the critically ill patient. As perfusion
decreases, more oxygen is extracted from the blood, resulting in
lower saturations as blood returns to the heart. Mixed venous
saturation, drawn from a PA catheter, is more commonly used
than central venous measurements in resuscitations.
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Table 5.7: Conditions in Which Invasive Monitoring (Arterial
Line, CVP, and/or Pulmonary Artery Catheter) Is Recommended

Condition Examples/Comments

General Shock unresponsive to perceived adequate fluid
resuscitation

Oliguria unresponsive to perceived adequate fluid
resuscitation

Assessment of intravascular volume and cardiac
function

Evaluation of cardiovascular contribution to
multiple organ system dysfunction

Surgical Perioperative management of high-risk patients
undergoing extensive surgery

Cardiac or major vascular surgery
Postoperative cardiac complications
Multisystem trauma with hemodynamic instability

despite fluid resuscitation
Severe burns with hemodynamic instability despite

fluid resuscitation

Pulmonary Differentiate ARDS from cardiogenic pulmonary
edema

Evaluate effects of ventilatory support on
cardiovascular status

Cardiac Blunt cardiac injury with cardiac dysfunction
Complicated myocardial infarction
Unstable angina unresponsive to conventional

treatment
Congestive heart failure unresponsive to

conventional treatment
Pulmonary hypertension during acute drug therapy

Note: Echocardiography may be used in many cases to assess cardiovascular
status (see Chapter 33).
Modified from Duan Y, Smith CE, Como JJ. Cardiothoracic trauma. In
Wilson WC, Grande CM, Hoyt DB, ed. Trauma Emergency Resuscitation
Perioperative Anesthesia Surgical Management. New York: Informa
Healthcare, 2007, pp 469–99; and Varon AJ. Arterial, central venous, and
pulmonary artery catheters. In Civetta JM, Taylor RW, Kirby RR, ed. Critical
Care, 3rd edition. Philadelphia: Lippincott-Raven, 1997, pp 847–65.

Obtaining central access with a specialized catheter is the
first step in inserting a PA catheter. The PA catheter is passed
through a port in the first catheter, which may be a double-
lumen 9 Fr trauma line introducer or 8–9 Fr Cordis-type intro-
ducer (see Chapter 4).

PA Catheter

PA catheters have been used in the United States for more than
three decades in the management of critically ill patients. The PA
catheter allows the clinician to measure RV pressure or PA pres-
sure, PA occlusion pressure, and cardiac output, and it allows
for sampling of mixed venous blood. All of these measurements
can be helpful in managing the trauma patient. It is acknowl-
edged, however, that echocardiography has supplanted the PA
catheter as the preferred method for assessing the patient with
cardiogenic and other forms of shock (see Chapter 33).

The PA catheter is placed through an introducer located in a
central vein. The most common sites for placement are the right
internal jugular vein, which allows for the shortest, straightest
route and the left subclavian vein. The catheter has a balloon
tip that allows for flow-directed placement into the pulmonary
artery. The catheter tip must be in the pulmonary artery for
accurate measurements, both pressure and blood oxygen levels,
to take place.

Right atrial or CVP and RV pressure waveforms are very use-
ful pieces of information in the trauma patient. The waveform
and pressure measurements are often a strong clue to poten-
tially life-threatening cardiac pathology in the trauma patient.
Patients in hypovolemic shock have low systemic and intracar-
diac pressures and often a dampened PA waveform.

Cardiac tamponade may be present in trauma patients.
Even as much as 50 cc of blood in the pericardium can signif-
icantly limit ventricular filling, resulting in low cardiac output
and hypotension.(see Chapters 17 and 18). In tamponade, the
patient is normally tachycardic, hypotensive with an elevated
CVP. The ventricles are unable to fill during diastole, which
causes equalization of diastolic pressures. Because the right ven-
tricle cannot fill in diastole, the CVP tracing is altered. Passive
flow of blood from the right atrium to ventricle is impaired
because of compression from pericardial fluid. This results in a
blunted y descent and a prominent x descent [64].

Arrhythmias are also common in the trauma patient. These
can be from electrolyte disturbances, cardiac contusion, and
hypovolemia among others.

PA occlusion pressure is another useful piece of data gar-
nered from the PA catheter. When the balloon is inflated, the
branch of the pulmonary artery in which the catheter is sit-
ting becomes occluded. No blood is flowing past the catheter
tip. There are no valves between the PA and the left atrium,
thus, the pressure transducer measures the pressure in the left
atrium when the occlusion balloon is inflated. This pressure
corresponds to the left ventricular end diastolic pressure as the
mitral valve is open in diastole. This pressure measurement
has been used as a surrogate for LV end-diastolic volume and
thus as a tool for guiding fluid resuscitation. For example, a PA
occlusion pressure of 10 mmHg would tend to indicate a low
LV end diastolic volume and, therefore, fluid administration
would be warranted, whereas a PA occlusion pressure of more
than 18 mmHg would tend to indicate volume overload. Many
clinicians use the PA occlusion pressure to guide fluid therapy
in an effort to maximize cardiac output and organ perfusion.
The major pitfall to using the PA occlusion pressure as a mea-
sure of LV end-diastolic volume is that, as the compliance of
the LV changes, the pressure required to fill it also changes.
For example, a patient with severe left ventricular hypertro-
phy and diastolic dysfunction will require a much higher pres-
sure to fill during diastole. PA occlusion pressure of more than
18 mmHg may be needed to generate adequate ventricular fill-
ing and cardiac output.

The PA catheter can also be used to measure cardiac output.
Most PA catheters use thermodilution measurements to calcu-
late right ventricular cardiac output. Barring any intracardiac
shunts, right-sided cardiac output approximates left-sided out-
put. Thermodilution cardiac output is measured by injecting a
discrete quantity of saline at a known temperature through the
CVP port of the PA line. A thermistor located near the catheter
tip measures the change in blood temperature due to the
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addition of the saline. The computer makes a temperature ver-
sus time curve from the data. The change in blood temperature
due to mixing of the room temperature saline is inversely pro-
portional to the cardiac output. Injections should be made at
end-expiration to minimize respiratory variations in venous
return. The cardiac output should then be divided by the
patient’s body surface area to generate a cardiac index. There
are numerous possible errors inherent in this measurement.
Using too little or too much injectate and injecting too rapidly
or slowly will result in spurious data. Tricuspid or pulmonic
regurgitation will also yield poor data.

Mixed venous saturation (SvO2) can be measured by using
a pulmonary artery catheter. Blood can be sampled from the tip
of the catheter (Table 5.2). Mixed venous saturation is related
to oxygen delivery and thus cardiac output by the following
equation known as the Fick equation [36]:

SvO2 = SaO2 − VO2/(13.9 × CO × Hgb)

Where SaO2 = oxygen saturation of the arterial blood, VO2

= oxygen consumption, CO = cardiac output, and Hgb =
hemoglobin.

The mixed venous saturation is a reflection of oxygen deliv-
ery and consumption by the tissues. Trauma patients are typ-
ically hypovolemic with low cardiac output and anemic from
traumatic bleeding. These patients will have low mixed venous
saturation. Therapy can be guided with the goal to improve
mixed venous saturation as a marker for overall improved oxy-
gen delivery. Many factors can interfere with accurate SvO2

measurements. If the catheter is wedged or the patient has sig-
nificant mitral regurgitation, the sample drawn from the distal
tip will contain oxygenated blood from the lungs. This will raise
the saturation of the sample and result in false assessment of
cardiac output and organ perfusion. Intracardiac or peripheral
left-to-right shunts such as an arteriovenous fistula, as well as
conditions of systemic shunt like sepsis will also result in falsely
elevated SvO2.

Most complications of PA catheters are a result of obtaining
central venous access. Those more specific to the PA line itself
include: arrhythmias due to iatrogenic right-bundle branch
block from PA line placement, PA rupture from overinflation
of the flow balloon, and pulmonary infarction from leaving the
occlusion balloon inflated for a period of time.

Numerous studies have evaluated the usefulness of PA
catheters in treating patients. Many studies have shown little
or no improvement in outcome in terms of mortality or hos-
pital stay [65, 66]. Data have shown improved outcomes when
trauma patients were resuscitated to certain endpoints available
from a PA line, such as cardiac index and mixed venous satu-
ration [67]. Data have suggested that the use of PA catheters
in severely injured patients does result in reduced mortality,
in particular, in older patients and those presenting to medical
attention in severe shock [68].

The PA catheter provides the clinician with a tremendous
amount of potentially useful information about the patient’s
physiology. This information can be used to tailor therapy in
a goal-directed manner to improve outcome. Use of the PA
catheter does have pitfalls that can lead clinicians astray if they
are not knowledgeable and experienced with using the device.

PA catheter monitoring in and of itself cannot be expected
to improve outcome. Rather, the monitoring system must pro-

vide accurate numbers; pathologic causes must be identified;
the need for therapy must be recognized; and a specific therapy
must be selected and appropriately administered [60]. Although
it is reasonable to assume that more precise knowledge of car-
diovascular parameters will permit more appropriate treatment
and improved outcome, there is little clinical evidence that PA
catheter monitoring benefits patients.

T R A N S E S O P H AG E A L
E C H O C A R D I O G R A P H Y ( T E E )

The TEE is an excellent monitor of ventricular performance
and volume (see Chapter 33). In patients with injury, blood
volume and fluid loading should be measured because ventric-
ular preload is critical for blood pressure stability. TEE assesses
ventricular preload more accurately than PA catheterization.
Other clinical applications of TEE in trauma include assessment
of ventricular function, wall motion abnormalities, valvular
disease, pericardial effusion, cardiac tamponade, aortic injury,
interatrial shunt, and pulmonary embolism [69]. Because of
the possibility of exacerbating an esophageal rupture, patients
with known or suspected esophageal injury should not have a
TEE placed.

Urine Output

Traditional resuscitation guidelines use urine output as an end-
point. In the perioperative period, approximately 0.5 mL ·
kg · hr−1 is desired for urine production. While not all patients
arriving in the operating room will be catheterized, trauma
patients should be, making the measurement of urine output
a routinely assessed parameter. Urine production in the peri-
operative period can be influenced by antidiuretic hormone
production during hypovolemia prior to resuscitation, cate-
cholamines, medications, and third-spacing of crystalloids.

Urine output is used as a surrogate measure of organ perfu-
sion. Presumably with adequate urine output, one is providing
oxygen delivery to the metabolically sensitive renal parenchyma.
Unfortunately, urine output is a rough approximation and does
not guarantee renal protection. Use of more sophisticated mea-
surements of perfusion such as hemodynamic measurements
and acid-base status, while not showing clear improvements
in outcome, is recommended [70]. Differentiating the various
causes of oliguria is critical (Table 5.8). Measurement of BUN,
creatinine, urinary specific gravity, and fractional excretion of
sodium can be done to uncover the cause of oliguria.

T E M P E R AT U R E

Maintaining euthermia in patients is a particular challenge of
trauma. With large-volume resuscitations and much of the
patient exposed, hypothermia quickly sets in. In most trauma
cases, hypothermia is avoided because it causes coagulation
disturbances, cardiac arrhythmias, and inappropriate diuresis,
it delays the metabolism of drugs, and it increases the risk of
infections [71]. Hypothermia is selectively used for neurologic
trauma and cardiothoracic repairs under cardiac bypass (see
Chapter 29).



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-05 CUFX276-Smith-v2 May 12, 2008 17:17

M O N I T O R I N G T H E T R A U M A P A T I E N T ■ 9 5

Table 5.8: Perioperative Conditions Causing Decreased Urine
Output in Trauma

Prerenal Hypotension, multiple causes. See Table 5.5
Renal arterial obstruction:
■ Thrombosis
■ Embolus
■ Aortic cross-clamp
■ Aortic dissection/transsection

Renal Acute tubular necrosis
■ Nephrotoxins
■ Radiographic contrast
■ Myoglobinuria
■ Rhabdomyolysis
Vasculitis or glomerulonephritis
Interstitial nephritis
Trauma to urinary system

Postrenal Obstructed urinary catheter
Urinary calculi
Injury to ureters or bladder

The first assessment of temperature is not of the patient but
of the temperature gauge for the operating room. The room
should be heated (>28◦C) to prevent further hypothermia.
Esophageal stethoscopes are helpful for listening to heart and
breath sounds but also contain a temperature sensor. Of note,
gastric suctioning will artifactually lower esophageal tempera-
tures [72]. The distal esophagus is considered a core tempera-
ture measuring site as is the tympanic membrane, PA catheter
sensor, and nasopharynx. Tympanic temperatures reflect brain
temperature and are commonly employed with total circula-
tion arrest for repair of the aorta. Intermediately accurate sites
for temperature measurement are the bladder, rectum, mouth,
and axilla. Skin temperatures are less helpful as they may reflect
ambient temperatures and superficial vasoconstriction of the
skin [73].

Neurologic Monitoring

Traumatic brain injury is unfortunately frequent and frequently
catastrophic (see Chapters 11 and 12). A good outcome from a
trauma includes an excellent neurologic prognosis. However,
in the trauma setting, sophisticated neurologic monitoring,
beyond intracranial pressure monitoring, is not commonly uti-
lized. Systemic monitoring can improve outcome by limiting
secondary brain injury from hypotension and hypoxemia.

Intracranial Pressure

The skull contains brain tissue, blood, and cerebrospinal fluid.
Autoregulation provides for a relatively stable flow of blood to
the brain over a range of blood pressures (typically MAPs of
50–150 mmHg). For the brain-injured patient, autoregulation
is disrupted and cerebral blood flow can change dramatically.
This contributes to secondary brain injury. In addition, systemic
hypotension and hypoxemia associated with the trauma can
cause cytotoxic and vasogenic edema. Systemic monitors can
assist in limiting hypotension and hypoxemia.

By measuring the intracranial pressure (ICP), the anesthe-
siologist can track cerebral perfusion pressure (CPP = MAP –
ICP) and optimize brain perfusion (see Chapter 12). Multiple
maneuvers such as raising blood pressure, decreasing cerebral
spinal fluid volume (drainage, decreased production via phar-
macologic agents), decreasing brain swelling (osmotic diuresis,
steroids) and upright positioning may be used to increase CPP.
Treatment of intracranial hypertension should begin with pres-
sure levels above 20 mmHg [74], though some would suggest
above 15 mmHg [75]. The CPP goal should be approximately
60 mmHg. Levels below 50 mmHg are associated with poor
outcome and aggressively treating a patient to raise CPP above
70 mmHg with pressors and fluids is associated with systemic
morbidity such as acute respiratory distress syndrome (ARDS)
[76].

ICP is most commonly measured supratentorially through
a ventriculostomy or an intracranial “bolt.” A ventriculostomy
is a catheter placed in the lateral ventricle, which is attached to a
fluid-filled column and a pressure sensor. Through the catheter,
cerebrospinal fluid may be drained, medications injected, and
ICP measured. Thus, the ventriculostomy acts as a monitor and
a therapeutic device. The bolt or screw is a hollow device placed
in the subarachnoid space and attached to a pressure transducer
or fiber optic cable. ICP can be measured but cerebrospinal fluid
cannot be withdrawn. The bolt has a lower infection rate and
is easier to place than the ventriculostomy. The Brain Trauma
Foundation considers the ventricular catheter “the most accu-
rate, low-cost and reliable method of monitoring intracranial
pressure” [77].

Electroencephalogram (EEG)

EEG monitoring records spontaneous electrical activity in the
cerebral cortex. Electrodes are placed on the scalp in a stan-
dardized fashion. Waveforms are characterized by varying fre-
quency and amplitude and the location in which the signal was
obtained. Four basic frequencies are described: delta (0–4 Hz),
theta (4–8 Hz), alpha (8–13 Hz), and beta (>13 Hz). Delta
waves, which are slow, synchronized waves, are seen with deep
anesthesia or sleep, but may also occur with ischemia or severe
metabolic disturbances. An awake patient will usually have dis-
organized, more complex waveforms such as beta waves [78].

EEG monitoring is most commonly used for detecting
seizure foci. Intraoperatively, EEG is frequently used to moni-
tor cerebral ischemia during carotid surgery when one carotid
artery is occluded. EEG has been used in the neurointensive
care setting for patients with traumatic brain injury. It is used
to detect subclinical seizure activity and to aid in prognosti-
cating outcomes in traumatic brain injury patients. Studies of
EEG in traumatic brain injury have shown that traumatic brain
injury patients have a high risk of developing seizure activity,
particularly older patients and those with baseline seizure dis-
orders [79].

Bispectral Index (BIS)

Interpreting raw EEG data in the operating room is cumber-
some and a highly technical skill. Several monitors are available
that convert select EEG signals into a single number that reflects
the patient’s level of consciousness. The algorithm used to con-
vert the raw EEG is guarded. This number is used to guide
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Table 5.9: MEP and SSEP Protocols in Use at the MetroHealth
Medical Center

Motor Evoked Potential (MEP) Monitoring Anesthesia Protocol
Bolus of Midazolam as needed throughout the case
No volatile agents (i.e., avoid Isoflurane, Sevoflurane, and

Desflurane)
50–70% N2O
Continuous infusion of Propofol (75–300 μg · kg · min−1)
Continuous infusion of Fentanyl or Remifentanil
A single dose of neuromuscular relaxant for intubation
A bite block must be placed prior to turning the patient prone to

decrease the risk of tongue and lip lacerations

Somatosensory Evoked Potential (SSEP) Monitoring Anesthesia
Protocol

1–2 mg of Midazolam preop
0.5 MAC of Isoflurane, Sevoflurane, or Desflurane
50% N2O
Continuous infusion of Fentanyl or Remifentanil
Neuromuscular blockade as needed

pharmacologic therapy and depth of anesthesia. The BIS Mon-
itor by Aspect is the most commonly used model.

Specialized gel pads are placed on the patient’s forehead
and attached to the corresponding monitor. The gel pad must
be firmly attached to the patient as impedance will reduce signal
quality. Patients may require muscle relaxation to obtain reli-
able processed EEG information because muscle activity can
interfere with the interpretation of EEG signals.

In trauma patients, depth of anesthesia monitors would be
predicted to behave normally. The brain-injured patient poten-
tially presents a special case. Several studies have taken place
trying to correlate the Glasgow Coma Scale score and obser-
vational sedation scales with BIS levels in the brain-injured
patient. A correlation exists between the Glasgow Coma Scale
score and BIS so that the higher the Glasgow Coma Scale score,
the higher the BIS. This relationship was maintained both with
and without sedation, validating the use of anesthetic depth
monitors in brain-injured patients [80, 81]. Of note, use of a
processed EEG monitor does not guarantee lack of awareness
as numerous case reports show [82, 83].

Evoked Potentials

Evoked potentials measure nervous system electrical activity
that has been elicited by a stimulus. Evoked potentials are
described in terms of amplitude, latency, and morphology (see
also Chapter 14). The most common evoked potentials used in
the operating room are sensory and motor. Evoked potentials
are not commonly employed during the initial trauma surgery.
However, patients often return for definitive stabilization of
injuries that are appropriate for evoked potential monitoring.
As anesthetic agents can affect evoked potentials, protocols have
been developed to provide optimal signal strength and interpre-
tation. Sample guidelines from MetroHealth Medical Center in
Cleveland, Ohio, are shown in Table 5.9 [84].

Somatosensory Evoked Potentials (SSEPs)
The somatosensory system relays vibration, propriocep-

tion, and light touch information from the periphery to the cen-
tral nervous system. Electrical stimuli are applied to peripheral
nerves (most commonly median, ulnar, common peroneal, and
posterior tibial) and signals are assessed along the path of the
nerve to the cortex. Typically, electrical potentials are assessed
at the level of the cortex by scalp electrodes. Many signals are
averaged from repeated stimulation to obtain a clinically useful
waveform [78]. SSEP signals are carried mostly in the posterior
spinal column; thus, anterior damage may not be recorded by
the SSEP. SSEPs are most commonly used during spinal surgery
and thoracic aneurysm repair. Anesthetic agents have variable
effects on the signal.

Motor Evoked Potentials (MEPs)
Transcranial or spinal cord electrical stimulation produces

a descending signal the can be recorded over the spinal cord,
peripheral nerve, or muscle. Damage to anterior spinal tracts
(motor tracts) not identified by SSEPs might be recognized by
MEPs. MEPs are sensitive to inhaled anesthetic agents, and a
total intravenous anesthetic approach is commonly employed
with muscle relaxant to prevent gross motor movement [85].

Cerebral Oximetry

Over the past 10 years, the concept of measuring regional cere-
bral oxygen saturation has caught on. Cerebral oximetry can be
measured both noninvasively with near-infrared spectroscopy,
or invasively with a catheter placed in the jugular bulb to mea-
sure jugular bulb oxygen saturation (SjvO2). Venous blood from
the brain drains into the jugular bulb located at the base of the
skull. To measure jugular bulb saturation, a 4 Fr sheath is placed
in the internal jugular vein and advanced cephalad. A catheter
is placed through the sheath and into the jugular bulb located
near the base of the skull. Placement is typically confirmed by
radiography [86]. The catheter has an oximetric tip and mea-
sures the saturation of cerebral venous blood real time. In head
trauma patients, the catheter is typically placed either on the
ipsilateral side of injury or bilaterally [87]. Treatment can thus
be tailored toward optimizing cerebral saturation. This can be
done by therapeutic maneuvers geared toward improving cere-
bral blood flow, such as treating elevated ICP with mannitol,
hyperventilation, and so on, or by using volume or vasoac-
tive drugs to improve perfusion pressure (see also Chapters 11
and 12).

There are multiple limitations to using jugular bulb moni-
toring. The procedure itself has multiple risks relating to central
venous access, such as carotid puncture, hematoma, and pneu-
mothorax. There is also the risk of infection and/or thrombo-
sis. Also, the catheter must be placed properly in the jugular
bulb. If it is not, the sample volume may contain both intracra-
nial venous drainage and extracranial venous drainage, which
can have a marked impact on interpretation [88]. A study per-
formed in 2000 found that jugular bulb monitoring did not sig-
nificantly influence the management of head trauma patients
[89]. Many centers now use noninvasive near-infrared spec-
troscopy in place of jugular bulb catheters to evaluate cerebral
oximetry.

Regional cerebral saturation monitors use near-infrared
spectroscopy, similar to pulse oximetry, to measure tissue
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saturation (rSO2). Regional cerebral saturation is measured
noninvasively by using cutaneous patches placed on the fore-
head. The alteration of regional cerebral perfusion and thus
rSO2 can be detected by the sensors. Cerebral oximetry is fre-
quently used in the cardiac surgical population. Multiple stud-
ies have shown improvements in stroke rates and major organ
morbidity and mortality when cerebral saturation is measured
and interventions performed to keep the saturation within 75%
of baseline [90]. Cerebral oxygen saturation can be improved
by improving cardiac output, FiO2, increasing hematocrit, or
increasing pCO2.

Cerebral oximetry is also useful in the trauma patients.
Cerebral blood flow depends on CPP. Therapy in head trauma
patients is guided toward improving CPP and thus cerebral per-
fusion in the setting of elevated ICP. In the past, many patients
needed to have invasive ICP monitors placed in order to deter-
mine CPP. A study in 2002 showed, not surprisingly, a cor-
relation of CPP to cerebral saturation. An rSO2 greater than
75% suggested CPP was adequate to meet metabolic demands,
whereas rSO2 less than 55% suggested inadequate CPP [91].
A follow-up study showed a correlation of cerebral hypoxia
(rSO2) less than 60% with lower Glasgow Coma Scale scores,
lower CPP, more severe head computed tomography score, and
decreased survival [92].

Cerebral oximetry monitoring may be useful in managing
the trauma patient, offering a noninvasive measure of cerebral
perfusion. Anesthetic interventions can be made in an effort to
improve cerebral perfusion in the head trauma patient by using
the rSO2 as an objective measure of the efficacy of intervention.
Limitations of cerebral oximetry include effect of temperature
on near-infrared absorption spectrum, contamination of the
signal by chromophores in the skin, and differences between
the various manufacturers’ devices.

C O N C LU S I O N

Standard monitoring, including auscultation of breath and
heart sounds and secure venous access, is the cornerstone of
any anesthetic technique for patients with trauma. Standard
monitoring includes ECG, noninvasive blood pressure, pulse
oximetry, PETCO2, precordial or esophageal stethoscope, and
core temperature. A peripheral nerve stimulator is used to
assess degree of neuromuscular blockade. Invasive monitoring,
including arterial line and CVP, is routine in seriously ill trauma
patients. Arterial pulse contour analysis is useful to assess fluid
responsiveness. Consideration should also be given to moni-
toring for awareness in trauma patients, as many patients have
hemodynamic instability that limits their ability to tolerate suf-
ficient anesthetic agents to blunt awareness and recall.

Anesthetic outcomes have improved dramatically over the
past few decades, in large part due to technological advances.
Technology developed for primary use in other fields has found
its way into perioperative use. While not all anesthesiologists
will be well versed in every modality, a familiarity with options
for monitoring and assessing patients is encouraged. Echocar-
diography is a rapid mode of assessing cardiac function and
volume status (see Chapter 33). Doppler ultrasound, useful
in locating blood vessels and assessing cerebral blood flow, is
another technology that has a place in the trauma OR. Noninva-
sive arterial blood pressure monitoring and pulse wave analysis

for cardiac output without a PA catheter are two technologies
that are in clinical use but have not, as yet, found widespread
acceptance.

Monitors should improve outcome, not just add to the
amount of information that must be interpreted and integrated
by the anesthesia provider. In the increasingly mechanized oper-
ating room, the potential for distraction, false negatives, and
equipment malfunction exists. According to ASA Closed Claims
Analysis, however, most anesthesia machine malfunctions were
user errors [93]. Electronic monitoring adds another dimension
to the care we provide in the operating room. Although research
may not validate improvement in patient outcomes, we believe
clinical monitoring helps us avoid medical mismanagement.

Having a wide array of monitors within easy reach does not
absolve the clinician of utilizing clinical skills. The power of
the physical exam: watching, listening, and laying hands on our
patients has not yet been replaced.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following does NOT interfere with pulse
oximetry readings?

a. Patient movement
b. Dark nail polish
c. Carboxyhemoglobin
d. Deoxyhemoglobin
e. Deeply pigmented skin

2. The carbon dioxide pressure gradient from arterial to end-
tidal increases under general anesthesia to what level?

a. 1–3 mmHg
b. 5–10 mmHg
c. 15–20 mmHg
d. 40–50 mmHg
e. 95–100 mmHg

3. Elevated carbon dioxide levels caused by increased produc-
tion of carbon dioxide can be attributed to all of the follow-
ing except:

a. Malignant hyperthermia
b. Cancer
c. Coma
d. Fever
e. Burn

4. Low-pressure alarms are caused by which factor:

a. Breathing circuit disconnect
b. Dyssynchronous ventilation
c. Disconnect from wall oxygen
d. Reduced lung compliance
e. Endotracheal tube obstruction

5. Information obtained from a PA catheter includes all of the
following except:

a. Cardiac output
b. Central venous pressure
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c. Pulmonary artery pressure
d. Left ventricular volume
e. Pulmonary artery wedge pressure

6. A falsely low mixed venous oxygen measurement will occur
in which condition?

a. Sample taken in “wedged” position
b. Mitral regurgitation
c. Left-to-right intracardiac shunt
d. AV fistula
e. Sample taken in the cardiac sinus

7. Blood gas analysis provides information about the following
except:

a. Oxygenation
b. Cardiac function
c. Ventilation
d. Cellular metabolism
e. Electrolytes

8. Interference with processed EEG signals (BIS) may occur
by all of the following except:

a. Electromyography (EMG) activity
b. Traumatic brain injury
c. Dry gel
d. High impedance
e. Forehead surgery

9. Neurologic monitoring does not include:

a. Doppler
b. Processed EEG
c. ICP measurements
d. End-tidal gas analysis
e. Peripheral nerve stimulator

10. Most anesthesia machine malfunctions are due to:

a. User error
b. Gas pressure failure
c. False negatives
d. Obstruction of oxygen flow meter
e. Failure of proportioning system

A N S W E R S

1. d
2. b
3. c
4. a

5. d
6. e
7. b

8. b
9. d

10. a
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Objectives
1. Understand the timing, extent, and the immediate goals for the initial fluid resuscitation in

trauma victims, individualized to specific patients.
2. Review the factors influencing choice of fluid for the initial and ongoing resuscitation.
3. Discuss factors influencing the decision for initiating transfusion therapy, choice of blood

products, immediate and delayed risks and benefits of transfusion therapy.
4. Become familiar with the current state of therapies intended for the most severely injured

patients, including recombinant factor VIIa and massive blood transfusion protocols.

Initial evaluation of an acutely volume-depleted trauma patient
will include a primary and secondary survey according to
Advanced Trauma Life Support® protocol, an estimate of blood
volume deficit (Table 6.1), rate of the ongoing blood loss, and
an evaluation of cardiopulmonary reserve and coexisting he-
patic or renal dysfunction [1]. The overriding priority of trauma
management is to maintain or restore vital organ perfusion
and oxygenation above critical levels at an early stage, and to
restore perfusion and oxygenation to normal levels as soon as
it becomes appropriate. This is best achieved by stopping the
bleeding and repleting intravascular volume. Perfusion pres-
sure and oxygenated blood flow to vital organs are important
determinants of outcome.

Management priorities in an acutely bleeding trauma
patient include ventilation and oxygenation (see Chapter 2),
assessment of perfusion, estimation of volume replacement
requirements, establishment or verification of adequate intra-
venous (IV) access (see Chapter 4), measurement of blood pres-
sure, placement of electrocardiogram (ECG), pulse oximeter
and capnograph, and laboratory studies. Placement of an arte-
rial line allows for continuous monitoring of systolic pressure,
pulse pressure, and stroke volume variability (see Chapter 4).
Monitoring of temperature, urine output, arterial blood gases,
hemoglobin, hematocrit, electrolytes, and parameters of coag-
ulation are routine in severely injured, mechanically ventilated
patients. Consideration is given to use of additional monitors
(e.g., central venous catheter, pulmonary artery catheter, trans-
esophageal echocardiography) and provision of anesthesia as
needed. In the future, direct non-invasive monitoring of the
target organ perfusion and oxygenation will become widely
available and should be routinely used.

For induction of anesthesia in hemodynamically unstable
patients, etomidate or ketamine are useful [2] (see Chapters 8
and 9) Titrated opioids, scopolamine, midazolam, and amnes-
tic concentrations of volatile agents can then be used for main-
tenance of general anesthesia until the intravascular volume
deficit has been corrected and bleeding is under control. Neu-
romuscular relaxants and other agents are given as clinically
indicated [2].

T I M I N G A N D AG G R E S S I V E N E S S
O F F LU I D R E S U S C I TAT I O N

Aggressive fluid resuscitation aimed at earliest possible restora-
tion of “normal” hemodynamics has been the mainstay of
trauma management for years. However, in animal models
of uncontrolled hemorrhage, this strategy uniformly leads to
increased duration and volume of bleeding [3, 4] and decreased
survival [3]. The proposed mechanisms include dilution of
clotting factors, decreased blood viscosity, and blowout of
hemostatic plugs with increasing blood pressure (Table 6.2).
Hypotensive resuscitation, where the rate of fluid infusion is
carefully titrated to a predetermined level of lower-than-normal
blood pressure has been advocated in patients who are not preg-
nant and do not have traumatic head injury. The question of
immediate versus delayed fluid resuscitation for hypotensive
trauma patients was addressed in a landmark randomized clin-
ical trial that demonstrated improved survival, shorter hospi-
tal stay, and less postoperative complications in patients who
did not receive fluid resuscitation until arrival in the operating
room [5]. The study was limited to isolated penetrating torso

1 0 1
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Table 6.1: Estimation of Blood Volume Deficit in Trauma

Unilateral hemothorax 3,000 mL

Hemoperitoneum with abdominal distension 2,000–5,000 mL

Pelvic fracture 1,500–2,000 mL

Femur fracture 800–1,200 mL

Tibia fracture 350–650 mL

Smaller fracture sites 100–500 mL

injuries, and the receiving trauma center had a rapid response
time such that most patients were in the operating room within
one hour of injury. Benefits of delayed fluid resuscitation in the
prehospital setting include minimal delay in transfer and sur-
gical intervention and avoidance of increased blood pressure or
hemodilution, which could disrupt the clot or alter resistance
to flow around a partially formed thrombus. To date, no human
study has shown detrimental effects of delayed or hypotensive
resuscitation on survival, but so far the conclusive evidence
on its superiority in trauma [6] or ruptured abdominal aortic
aneurysm [7] is lacking.

Consequently, in uncontrolled hemorrhagic shock, resusci-
tation is aimed at restoration of radial artery pulse, restoration
of mental function, and a systolic blood pressure (SBP) of 80
mmHg, until the bleeding is surgically controlled [8]. Higher
blood pressures (SBP >100 mmHg, mean arterial pressure
[MAP] >70 mmHg) are generally sought in head-injured and
pregnant patients. This approach provides satisfactory resusci-
tation of the trauma patient until surgical control of bleeding
is achieved.

F LU I D O P T I O N S

Crystalloids

There is controversy concerning which IV solutions should
be used for resuscitation. During hemorrhage, a compen-
satory increase in reabsorption of fluid into the capillaries par-
tially restores the intravascular compartment but depletes the
interstitial space. To replete the intravascular and interstitial
compartments, crystalloid solutions such as isotonic 0.9 per-
cent saline or lactated Ringer’s (LR) solution are traditionally
used.

Glucose-containing solutions are avoided because hyper-
glycemia is associated with aggravation of central nervous sys-
tem injury [9, 10] and increased mortality, especially in trauma
patients [11]. In large human interventional studies in both sur-
gical and medical intensive care unit (ICU) settings, intensive
insulin therapy guided by specific target glucose levels has been
shown to improve in-hospital survival [12–14], with the ben-
efit preserved over a 4-year follow-up [15], to prevent critical
illness neuropathy, decrease the need for long-term ventilation,
and shorten ICU stay [16]. The most prominent effect has been
achieved with glucose levels below 110 mg/dL even despite the
increased incidence of hypoglycemia. Paradoxically, the effect
was most prominent in nondiabetic patients. The effect seem-
ingly depends more on the strict glucose control than on the

Table 6.2: Disadvantages of Immediate Fluid Resuscitation

Decreased blood viscosity

Blowout of hemostatic plug

Dilution of coagulation factors

Increased blood loss

Delayed transport to definitive care

dose of insulin, even though nonhypoglycemic effects of insulin
are generally well recognized and might play a role.

It should be noted that in observational studies, patients
with more severe traumatic brain injury have higher blood
glucose levels, that is, hyperglycemia might be a marker of
injury severity and the predictor of the outcome rather than
the causative agent. Improved outcome with strict glucose con-
trol might then be due to effects of insulin infusion rather than
lowering the glucose level. Some animal studies have suggested
that hyperglycemia induced by rapid glucose infusion does not
worsen different markers of neurologic injury, survival, and
neurologic sequelae of head trauma [17–19]. Other studies
refute these results and find euglycemia protective regardless
of the insulin dose used [20].

In any case, the routine use of glucose-containing solutions
is not justified, and hyperglycemia is treated with insulin.

There are not enough clinical data to compare outcomes
with 0.9 percent saline versus LR in trauma. LR is mildly hypo-
tonic with respect to plasma and may theoretically be detri-
mental if given in large volumes to patients with head injury
(Table 6.3). Because LR contains 3 mEq/L of calcium, it has
been traditionally contraindicated for coinfusion with or dilu-
tion of packed red blood cells (pRBCs). This view has been
challenged by several authors [21, 22]. It has been shown that
dilution of RBCs with LR in a ratio up to 2:1 (RBC to LR) with
subsequent incubation at 37◦C for up to two hours does not
lead to clot formation [22], and dilution of RBCs to hematocrit
of 35 percent does not slow down the passage of blood through
the standard 170-μm filter [21]. Hepatic conversion of lactate
to bicarbonate should increase the blood buffering capacity
whereas large volumes of 0.9 percent saline (>30 mL/kg) lead
to hyperchloremic acidosis [23]. The same concepts hold true
when comparing hetastarch diluted in 0.9 percent saline (Hes-
pan) with balanced crystalloid solution-based hetastarch (Hex-
tend) [24, 25]. Hyperchloremic metabolic acidosis is produced
because high-chloride solutions displace serum bicarbonate in
the extracellular volume. Unlike lactic acidosis, patients with
hyperchloremic metabolic acidosis have a normal anion gap
and elevated serum chloride.

The effects of crystalloid solutions on the coagulation sys-
tem are complex. With hemodilution up to 20–40 percent,
crystalloids produce a hypercoagulable state due to dilution of
anticoagulant factors such as antithrombin and by platelet acti-
vation [26–28]. After 60 percent hemodilution, both crystal-
loids and colloids produce a hypocoagulable state [29]. How-
ever, animal studies point to attenuation of hypercoagulability
and increased blood loss in uncontrolled hemorrhagic shock
treated with 0.9 percent saline as opposed to LR [30]. A
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Table 6.3: Asanguinous Fluid Options for Trauma

Lactated Ringer’s (LR) Preferred isotonic crystalloid solution for most trauma resuscitations. Do not mix with
blood or use in blood lines because contains calcium.

0.9% saline Preferred isotonic crystalloid solution for head trauma. Only solution used in blood
transfusion lines and to dilute pRBCs. May cause hyperchloremic metabolic acidosis
(with normal anion gap) due to excess chloride displacing serum HCO3.

Hespan (6% hetastarch in 0.9% saline) High MW hetastarch. Not recommended because of adverse effects on hemostasis,
half-life 30 hours. Abandoned at author’s institution in favor of Hextend.

Hextend (6% hetastarch in balanced electrolyte
solution)

High MW hetastarch, half-life 30 hours. Less coagulopathy + platelet dysfunction
compared with Hespan. Maximum dose 10–15 mL/kg.

Low + medium MW hetastarch Colloid solutions with less coagulopathy + platelet dysfunction compared with high
MW hetastarch. Low MW hetastarch associated with improved muscle oxygen tension,
lower markers of inflammation + endothelial activation compared with LR. Available in
Europe and Canada. Not currently available in USA.

Albumin (5%) Little effect on coagulation. May pass into interstitial compartment if impaired vascular
integrity with resultant endothelial swelling + impaired microcirculatory perfusion.
Increased mortality after head trauma in SAFE study (vs 0.9% saline) [46].

Dextrans and gelatins Colloid solutions largely abandoned in USA because of negative effects on coagulation +
potential for anaphylaxis + hypersensitivity reactions

Hypertonic saline Variety of solutions/concentrations. May be combined with colloid to prolong duration
of action. Efficiently restores intravascular volume + decreases extravascular volume +
tissue edema. Decreases ICP + increases CPP. Especially advantageous in prehospital
situations + in head trauma with refractory increased ICP. Not associated with
improved neurologic outcomes.

MW, molecular weight; ICP, intracranial pressure; CPP, cerebral perfusion pressure, pRBC, packed red blood cells.

head-to-head comparison of these two crystalloid solutions in
patients undergoing abdominal aortic aneurysm repair found
an increased need for bicarbonate, platelets, and blood prod-
ucts in patients receiving 0.9 percent saline compared with LR.
There was no difference in outcomes [31]. In major abdominal
surgery, there was no difference in coagulation parameters in
patients receiving 0.9 percent saline or LR [32].

At MetroHealth Medical Center, 0.9 percent saline is used
primarily in head trauma patients and for co-infusion with
blood products; LR is used for most other purposes.

Colloids versus Crystalloids

The choice of crystalloid or colloid solutions for resuscitation of
trauma patients requiring surgery is unresolved (Table 6.3). Fac-
tors influencing choice of asanguinous fluids include effects on
coagulation, metabolic state, alterations in macro- and micro-
circulation, volume distribution, and organ function (e.g., kid-
ney function and splanchnic perfusion) [33, 34]. Historically,
the crystalloid/colloid controversy has been focused primarily
on outcome. There is increasing evidence that mortality is not
the correct measure when assessing the ideal volume replace-
ment strategy. Rather, measures such as organ perfusion, organ
function, degree of inflammation, immunologic aspects, and
wound healing may be more appropriate [35].

Colloid solutions are more effective plasma expanders than
crystalloids. They increase the plasma oncotic pressure, which

serves to retain water in the intravascular compartment and
minimize interstitial edema in vital organs such as the lung,
heart, and brain. Intraoperative use of colloid solutions has
been associated with improved outcome and decreased hospital
stay [36, 37], possibly because of decreased tissue edema, nau-
sea, vomiting, and pain. Hextend (6% hydroxyethyl starch in a
physiologically balanced medium of electrolytes, glucose, and
lactate) has a median serum half-life of more than 30 hours [38].
Thus, less overall fluid volume is required and less peripheral
edema is produced for the same degree of intravascular volume
expansion.

Hextend may be beneficial after head injury. For exam-
ple, in a model of severe traumatic brain injury in pigs, Hex-
tend, used as the sole resuscitation fluid, prevented an increase
in intracranial pressure (ICP) and maintained cerebral per-
fusion pressure (CPP) similar to LR combined with manni-
tol, while the brain tissue pO2 and neurologic outcomes were
significantly better; [39] when compared with the crystalloid
plus mannitol standard of care, total fluid requirements were
reduced and no adverse effect on the coagulation profile was
observed. Compared with 0.9 percent saline, volume resusci-
tation with Hextend was associated with less metabolic aci-
dosis and longer survival in an animal model of septic shock
[40].

Most colloids produce coagulopathy at relatively lower
degrees of hemodilution compared with crystalloids [27–29].
Colloids also prevent, to a variable degree, naturally occurring
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platelet activation and hypercoagulability. Hespan (6% het-
astarch in 0.9% sodium chloride) has been shown to have
adverse effects on hemostasis that include impaired platelet
aggregation, type I von Willebrand-like syndrome with de-
creased factor VIII coagulant activity, decreased von Wille-
brand factor antigen, and factor VIII-related ristocitin cofactor
[41, 42]. This colloid was withdrawn from our hospital formu-
lary and replaced with Hextend, which is associated, both in
vitro [43] and in vivo [44], with better thromboelastographic
parameters of dynamic clot formation. Hextend does not inhibit
platelet function, which may be because its solvent contains
2.5 mmol/L calcium chloride dihydrate [45]. In a random-
ized, double-blind study on intraoperative fluid replacement,
LR produced hypercoagulability, Hespan produced a hypoco-
agulable state, and Hextend had the least effect on thromboe-
lastographic profile [44].

In a randomized, double-blind trial comparing fluid resus-
citation with albumin or 0.9 percent saline on mortality in 6,997
ICU patients, use of either solution resulted in similar outcomes
at 28 days. The relative risk of death, proportion of patients with
new single-organ and multiple-organ failure, days spent in the
ICU, days spent in the hospital, days of mechanical ventilation,
and days of renal-replacement therapy were similar between
groups [46]. There was, however, increased mortality in head-
injured patients randomized to the albumin (59 of 241 patients,
25%) as compared with the saline group (38 of 251 patients,
15%).

The effects of colloids versus crystalloids on tissue oxygen
tension have been studied [47]. In patients scheduled for major
abdominal surgery, volume replacement with low-molecular-
weight hetastarch (mean molecular weight, 130 kDa; degree of
substitution, 0.4), as compared with LR, has resulted in sig-
nificantly improved muscle oxygen tension, possibly due to
reduced endothelial swelling and improved microcirculation.
The difference between the groups was apparent despite similar
hemodynamics and oxygenation profile and was progressively
increasing during the surgery and through the morning of the
next day.

The influence of different volume replacement regimens
on inflammation and endothelial activation in elderly patients
undergoing major abdominal surgery was assessed [48].
Patients were randomized to receive LR, 0.9 percent saline,
or low-molecular-weight hetastarch 130/0.4. Fluids were given
to keep central venous pressure between 8 and 12 mmHg.
Although hemodynamics was similar in all groups, markers of
inflammation and endothelial injury and activation were sig-
nificantly higher after crystalloid than after hetastarch 130/0.4
based volume replacement.

Resuscitation with crystalloid fluids alone may reduce the
plasma oncotic pressure, promote water shift from intravascu-
lar to interstitial space, and result in tissue edema [49]. It has
been suggested that decreased colloid oncotic pressure from
infusion of crystalloid solutions would result in adverse pul-
monary outcomes because of interstitial pulmonary edema. In
a retrospective study of 512 trauma patients requiring surgery
within 24 hours of admission to a Level 1 trauma center, it
was shown that, compared with Hextend, resuscitation with
crystalloid fluids was not associated with increased duration
of mechanical ventilation or worsened alveolar-to-arterial oxy-
gen gradient or oxygen index after surgery. The low mortal-
ity rate in both groups supported the effectiveness of both

fluid management strategies in maintaining tissue homeostasis
[50].

A meta-analysis failed to detect any differences in survival
between crystalloid and colloid resuscitation overall, although it
is recognized that many studies on specific solutions have been
underpowered [51]. Further, pooling old-to-very old under-
powered studies in a meta-analysis is of limited value [52].

Hetastarch accumulates in the body. Because preparations
of hetastarch are actually a mixture of complex molecules of
different size and structure, only an average half-life of the par-
ticular mix can be calculated. Hetastarch is slowly metabolized
by intravascular α-amylase. For example, median serum half-
life of Hextend is about 30 hours. The smaller hydroxyethyl
starch molecules are rapidly eliminated by glomerular filtra-
tion. Hemodilution is observed for 24–48 hours after short-
term infusion. A varying amount of hetastarch is taken up by
the reticuloendothelial system.

Pruritus has been reported after hetastarch infusion [53].
Life-threatening anaphylactic reactions may occur with differ-
ent kinds of hydroxyethyl starch preparations but appear to be
rare [54–56]. A dose limitation exists for all hetastarch prepa-
rations ranging from 20 mL/kg (10% hetastarch, 200/0.5) to
50 mL/kg (6% hetastarch, 130/0.4).

Different Colloid Formulations

The crystalloid/colloid debate has been enlarged to a col-
loid/colloid debate because several preparations exist, includ-
ing albumin, dextrans, gelatins, and hetastarch solutions (Table
6.3). Due to their varying physicochemical properties, these
solutions widely differ with regard to their pharmacokinetic
and pharmacodynamic properties, as well as their hemody-
namic efficacy and side effects.

Hetastarch is the most intensively studied plasma substi-
tute. The different hetastarch preparations are defined by con-
centration, molar substitution, mean molecular weight, and
the C2/C6 ratio of substitution [35]. In particular, medium-
molecular-weight hetastarch with lower molar substitution
appears promising compared with first-generation hetastarches
[57]. Several hetastarch solutions are available in Europe. In
the United States, only the first-generation high-molecular-
weight 6 percent hetastarch with a high molar substitution
(Hespan and Hextend, mean molecular weight, 450 kDa) are
approved. In Canada, a medium-molecular-weight 10 percent
hetastarch (Pentastarch, mean molecular weight, 270 kDa) is
available.

In addition to the starch average molecular weight, the
weight distribution, degree, and pattern of substitution all can
influence the effect on the coagulation [58]. In general, smaller
molecule-sized starches, as opposed to the larger ones, and
starches diluted in balanced salt solutions, as opposed to 0.9
percent saline, produce less coagulopathy and platelet dysfunc-
tion [29]. However, at least in some studies, no clinically relevant
differences have been observed [59].

Large amounts of high-molecular-weight 6 percent het-
astarch (>15–20 mL/kg) are traditionally avoided because of
the well-documented risk of coagulopathy [60], increased blood
loss and transfusion requirements [61, 62], and mortality [61,
63]. These effects are mediated by dose-dependent decreases in
factor VIII and the von Willebrand factor, and inactivation of
GP IIb-IIIa [62]. Hextend, approved for use in the United States
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in 1999, appears to be different from Hespan in its effects on
hemostasis [44, 45]. Hextend is the first reported hydroxyethyl
starch solution that increases platelet reactivity. It is not clear
if this effect is explained completely by the calcium-containing
solvent [45, 64].

Albumin is derived from pooled human plasma, heated,
and sterilized by ultrafiltration. Its molecular weight is approx-
imately 69 kDa. Albumin is generally accepted to be safe in terms
of transmission of infectious diseases with little effect on coagu-
lation. Albumin may have some additional specific effects aside
from its volume-replacing properties such as transport func-
tion for various drugs and endogenous substances or effects
on membrane permeability secondary to free radical scaveng-
ing [65, 66]. In patients with impaired vascular endothelial
integrity, albumin may pass into the interstitial compartment
with resultant endothelial swelling and impaired microcircula-
tory perfusion [67–69].

Dextrans have been largely abandoned for fluid resuscita-
tion because of the negative effects on coagulation and high
anaphylactic potential. Similarly, gelatins were abandoned in
the United States because of the high incidence of hypersensi-
tivity reactions.

Hypertonic Fluids

Use of hypertonic solutions for different populations of crit-
ically ill patients has been investigated for more than two
decades. The obvious rationale is that a minimal volume of
hypertonic saline will draw intracellular water into the extra-
cellular space. Not surprisingly, volume expansion with hyper-
tonic saline is both more efficient and better sustained than
with normosmolar fluids. In comparison of the peak hemodi-
lution in healthy volunteers, 7.5 percent saline and 7.5 percent
saline in 6 percent dextran were 4.4 and 6.2 times more effec-
tive than similar volumes of 0.9 percent saline, respectively. Area
under the hemodilution-time curve was 7 times larger for 7.5
percent saline in dextran and 3.8 times larger for 7.5 percent
saline than for 0.9 percent saline [70]. As expected, addition of
colloid to the hypertonic saline increased the magnitude and
markedly prolonged the duration of volume expansion [70, 71].
When a 30-minute infusion of 4 mL/kg of 7.5 percent saline in
6 percent dextran was compared with 25 mL/kg of LR, the
peak volume expansion was similar – about 7 mL/kg. How-
ever, 30 minutes later, the volume expansion with hypertonic
saline-dextran was three times higher than with LR (5.1 ± 0.9
vs. 1.7 ± 0.6 mL/kg). At two hours, for each milliliter of the
fluid infused, the remaining intravascular volume expansion
was 0.07 mL for LR and 0.7 mL for hypertonic saline-dextran
[72]. Hypertonic fluids are especially advantageous in military
trauma and other situations (e.g., prehospital, helicopter) when
the weight/benefit ratio is crucial.

In hemorrhagic shock or local ischemia cells swell [73],
absorb water, chloride, and sodium, and lose the resting mem-
brane potential [74]. They return to normal volume, electrolyte
balance, and resting potential with hypertonic saline better than
with isotonic resuscitation [74]. Capillary lumens narrow as a
result of this swelling [75] and return to normal diameter with
hypertonic resuscitation but not with LR [76]. Further, hyper-
tonic saline restores intravascular volume and hemodynamics
while decreasing extravascular volume and tissue edema [72].
With LR, extravascular volume increased by 60 percent of the

infused volume at the end of the infusion and by 43 percent
at two hours, but with hypertonic saline-dextran, extravascular
water decreased by 170 percent and 430 percent of the infused
volume, respectively. In brain injury associated with pulmonary
edema, hypertonic saline depletes tissue water content better
than mannitol [77]. This feature may be crucial in situations
such as head trauma (see Chapter 12).

Prehospital infusion of 250 mL of 7.5 percent saline with
or without dextran, followed by a usual fluid resuscitation, to
hypotensive trauma patients was compared with LR [78]. The
bolus of hypertonic fluid resulted in improved blood pressure,
decreased fluid requirements, and increased survival to dis-
charge, especially in patients with Glasgow Coma Scale less than
8. The rise in the circulating blood volume and cardiac output
is immediate [79], although a transient decrease in blood pres-
sure due to vasodilatation may occur [80, 81]. Hypertonic solu-
tions increase cardiac contractility, venous return, and coro-
nary blood flow [81, 82]. Moreover, hypertonic saline/dextran
solution is effective in treating dehydration [83] and massive
hemorrhage [84] in animals with preexisting dehydration.

Hypertonic solutions used in clinical studies vary. The most
common regimen is 100–250 mL or 1.5–2 mL/kg of 7.2–7.5
percent saline with or without colloid. The U.S. military rec-
ommends a 7.5 percent saline; in Europe, 7.5 percent saline
in 6 percent dextran 70 is used. Other regimens include single
boluses of 30 mL of 23.4 percent saline, 75 mL of 10 percent
saline, or continuous infusions of 3 percent saline. For most
studies of head trauma, regardless of the concentration used,
the dose of sodium chloride infused with a single fluid bolus in
adult patients ranges from approximately 7 to 15 g, or 120 to
300 mEq. Accordingly, results are fairly uniform. A single infu-
sion of hypertonic saline will decrease intracranial pressure by
about 70 percent or 10–25 mmHg and increase the cerebral per-
fusion pressure by 10–30 mmHg; both effects are evident in a
matter of minutes, reaching maximum effect by 20–60 minutes,
and lasting for 1.5–4 hours, sometimes longer [85–87]. Simi-
lar effects have been observed in patients with stroke [88] and
subarachnoid hemorrhage [89]. Effects of hypertonic saline on
intracranial and cerebral perfusion pressure were more rapid
[86] and more profound than a comparable [90] or double [86]
volume of 20 percent mannitol, and lasted longer [86, 91].

In a study on trauma patients whose elevated intracranial
pressure was refractory to all other modalities [90], 2 mL/kg
of hypertonic saline was compared with a similar volume of 20
percent mannitol. In the hypertonic saline group, the number of
episodes of elevated intracranial pressure was reduced by almost
a half and their cumulative duration by about a third as com-
pared with patients treated with mannitol. Similarly, patients in
the hypertonic saline group required 50 percent less volume of
cerebrospinal fluid drainage to maintain target intracranial and
cerebral perfusion pressure, and the success rate in achieving
these targets was 90 percent in the hypertonic saline group ver-
sus only 30 percent in the mannitol group. The clinical outcome
at 90 days was similar in both groups, however.

In a striking study on pediatric head-injured patients whose
elevated intracranial pressure had been refractory to all other
modalities including mannitol and barbiturate coma [92], con-
tinuous infusion of 3 percent saline for the mean of 7.6 days
(range, 4–18 days) led to a rapid and sustained improvement in
intracranial and cerebral perfusion pressure. The treatment was
surprisingly well tolerated, even though on average the serum
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sodium was 171 mEq/L (range, 157–187 mEq/L) and serum
osmolality was 365 mOsm/L (range, 330–431 mOsm/L).

A cohort study in patients with traumatic brain injury and
hypotension compared 7.5 percent saline/6 percent dextran 70
with conventional crystalloid fluid treatment [93]. With the
hypertonic fluid, there was a trend for improved survival to dis-
charge in all the subgroups (odds ratios, 1.6–1.8). For patients
with initial Glasgow Coma Scale less than 8, the odds ratio
for survival until discharge was 2.12 with hypertonic saline-
dextran versus conventional treatment. On the other hand, in
a randomized controlled trial of patients with traumatic brain
injury who were comatose (Glasgow Coma Scale score, <9) and
hypotensive (SBP, <100 mmHg), at 6 months after injury the
patients who received prehospital resuscitation with 250 mL of
7.5 percent saline had neurologic function almost identical to
the ones resuscitated with conventional fluid [94]. There was no
significant difference between the groups in favorable outcomes
or in any other measure of postinjury neurologic function.

Hypertonic saline has some immune modulating effects.
For example, hypertonic saline resuscitation in traumatic hem-
orrhagic shock in humans [95] blunts the usual response in
distribution of monocyte receptors, decreases tumor necrosis
factor alpha, and increases anti-inflammatory interleukins (IL-
1ra and IL-10).

Currently, there are insufficient data to determine whether
hypertonic crystalloid is better than isotonic crystalloid for the
resuscitation of patients with trauma or burns, or those under-
going surgery [96]. In this meta-analysis, the pooled relative
risk (RR) for death in trauma patients was 0.84 (95 percent
confidence interval [CI] 0.69–1.04); in patients with burns 1.49
(95 percent CI 0.56–3.95); and in patients undergoing surgery
0.51 (95 percent CI, 0.09–2.73). In the one trial that gave data
on disability using the Glasgow outcome scale, the relative risk
for a poor outcome was 1.00 (95 percent CI 0.82–1.22).

Red Blood Cell Transfusions

Oxygen-carrying blood substitutes are not commercially avail-
able to date. In this section, we will briefly answer four questions.
First, what level of anemia is dangerous to a normovolemic
patient, and what other variables are involved. Second, what are
the risks and benefits of correcting this anemia with available
RBC concentrates. Third, what are the net clinical outcomes
of transfusion. And fourth, what is a reasonable approach to
transfusion in the trauma patient.

The lower limit of anemia is not established in humans.
Observational studies on surgical patients refusing transfusion
for religious reasons suggest that the risk of mortality and/or
morbidity becomes extremely high with hemoglobin levels less
than 5–6 g/dL [97]. After adjusting for age, cardiovascular dis-
ease, and Acute Physiology and Chronic Health Evaluation
II score, the odds of death in patients with a postoperative
hemoglobin level less than or equal to 8 g/dL increase by a
factor of 2.5 for each gram decrease in hemoglobin level. A
retrospective cohort study of patients who declined RBC trans-
fusions for religious reasons demonstrated that in patients with
a postoperative hemoglobin level of 7.1–8.0 g/dL, 0 died, and
9 percent had a morbid event such as myocardial infarction,
arrhythmia, or congestive heart failure. In patients with a post-
operative hemoglobin level of 4.1 to 5.0 g/dL, 34 percent died
and 58 percent had a morbid event or died [97]. Of note, age,

systolic blood pressure at admission, Glasgow Coma Scale score,
and type of trauma were more important predictors of mortal-
ity than religious objection to blood.

Normally, oxygen delivery exceeds oxygen consumption 3-
to 4-fold. Consumption is thus independent of delivery over
a wide range of hemoglobin concentrations. “Critical hemat-
ocrit” (or hemoglobin) is defined as the threshold below which
the body oxygen consumption becomes dependent on oxygen
delivery.

Several factors help maintain tissue oxygenation in acutely
anemic patients. Sympathetic stimulation increases heart rate
and contractility. Decreased blood viscosity increases venous
return and lowers systemic vascular resistance, thus increasing
the stroke volume. Indeed, the observed increase in stroke vol-
ume closely parallels the calculated one as should be produced
by the decreased blood viscosity [98]. Redistribution of blood
flow to vital organs may protect them even if whole-body per-
fusion/oxygen delivery is falling. The oxygen extraction ratio
by most organs, including the brain, increases. Mobilization of
capillary flow increases the oxygen extraction, as only about one
third of capillaries are usually perfused. The oxygen dissocia-
tion curve shifts to the right as a result of increased production
of 2,3-diphosphoglyceric acid (2,3-DPG) and tissue acidosis
(if anaerobic metabolism occurs). The heart does not have a
large oxygen extraction reserve and compensates for anemia by
increasing coronary blood flow. In dogs with normal coronary
arteries, lactate production and subendocardial ischemia occur
at a hematocrit of 9 percent; in the presence of a critical left
anterior descending artery stenosis, coronary blood flow in the
affected area remains constant and ischemic changes become
evident at a hematocrit of 17 percent [99]. Similar numbers
were reported by other investigators [100].

In a series of human experiments with acute normo-
volemic hemodilution to hemoglobin 5 g/dL, subcutaneous
tissue perfusion increased and oxygen tension remained sta-
ble, even in the subjects who were mildly hypoperfused at
baseline [101]. Transient and asymptomatic ECG changes were
observed in only 3 of 55 volunteers, all at a hemoglobin of less
than 7 g/dL, all in conjunction with movement or tachycardia
[102]. Subtle cognitive function impairment only appeared at
or below hemoglobin 6 g/dL and was readily reversible with
breathing 100 percent oxygen [103]. The same authors used
invasive monitoring to investigate the effects of an acute nor-
movolemic hemodilution in awake volunteers and in patients
without cardiovascular comorbidities (mean age, 50; range, 35–
69 years) undergoing major surgery with general anesthesia.
Gradual hemodilution resulted in increased cardiac index and
stable oxygen delivery down to hemoglobin of approximately
7.5–8 g/dL in males and 5.5–6 g/dL in females. Below this level,
and down to 4.5–5.4 g/dL, oxygen delivery decreased in parallel
to the fall in oxygen carrying capacity. Tissue oxygen extraction
ratio increased from 23 to 30 percent, and oxygen consump-
tion increased by approximately 12 percent. pH and base excess
both also increased, and there was a trend to a lower lactate level
[104].

Then, the cardiovascular and metabolic response to acute,
severe isovolemic anemia was studied in elderly patients (76 ±
2 years; range, 66–88), many of them with diabetes and other
significant risk factors, undergoing major abdominal surgery.
Patients were hemodiluted from hemoglobin of 11.6 to 8.8 g/dL
before surgery. Hemoglobin further decreased on average to
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7.7 g/dL because of surgical blood loss [105]. Oxygen con-
sumption was stable throughout surgery, and signs of myocar-
dial ischemia such as ST segment changes, arrhythmias, and
hypotension were absent.

In patients separating from cardiopulmonary bypass,
hemodilution to hematocrit of 15 percent results in decreased
mean arterial blood pressure and oxygen delivery, increased
cardiac output and oxygen extraction ratio, and stable oxygen
consumption across the tested range [106].

An important observation is that in awake normovolemic
patients, heart rate increases linearly with normovolemic ane-
mia. In patients under general anesthesia, however, anemia
does not induce tachycardia. The increased cardiac output is
due to increased stroke volume alone [98, 107]. Thus, in an
anesthetized patient, an increase in the heart rate should raise
suspicion for hypovolemia.

In a literature review published in 1994 [108], the authors
sought reports on Jehovah’s Witnesses with hemoglobin less
than 8 g/dL or hematocrit less than 24 percent. With the excep-
tion of three patients who died after cardiac surgery, all of the
deaths attributed to anemia occurred when hemoglobin was
lower than 5 g/dL. There were 25 survivors with a hemoglobin
of less than 5 g/dL, adding to the anecdotal evidence of human
tolerance to anemia.

In surgical patients without cardiovascular comorbidities,
there are anecdotal reports of survival without major compli-
cations despite extreme levels of normovolemic anemia. For
example, in a 41-year-old female who refused blood transfu-
sion, hematocrit dropped from 37 to 8 percent at the end of
surgery and to 6.4 percent on postoperative day 2; [109] and
in a 58-year-old male whose hemoglobin dropped to 1.1 g/dL
for 30 minutes due to unexpected blood loss and unavailability
of blood during elective surgery [110]. It is important to stress
that both these patients were adequately volume resuscitated.

Less data are available in patients with coronary artery or
valvular heart disease. In observational studies, any level of ane-
mia has been associated with increased perioperative mortal-
ity, more so in patients with preexisting cardiovascular disease.
However, anemia might be a result of and a marker for ill health
rather than a cause for the adverse outcome. For example, in
patients undergoing cardiopulmonary bypass, after correction
for comorbidties, only nadir hematocrit of lower than 14 per-
cent (17% for high-risk patients) was an independent risk factor
for adverse outcome [111].

Under normal conditions, oxygen dissolved in the blood
accounts for only about 2 percent of the blood oxygen content.
With hemodilution and thus relatively larger plasma volume,
and especially if high inspired oxygen concentrations are used,
dissolved O2 becomes clinically relevant. In a series of experi-
ments on pigs, hyperoxia improved tolerance of extreme anemia
and decreased critical hemoglobin levels from 2.4 when breath-
ing room air to 1.5 g/dL at FiO2 = 0.6 and to 1.2 g/dL at FiO2 =
1.0. There was 100 percent mortality at critical hemoglobin
and FiO2 = 0.21, whereas switching to 100 percent oxygen
increased oxygen delivery and resulted in 100 percent survival
at 6 hours [112–115]. In healthy human volunteers breath-
ing room air, acute normovolemic hemodilution from 12.7 to
5.7 g/dL resulted in hypotension, tachycardia, and cognitive
changes [116]. Oxygen administration decreased heart rate and
restored cognitive function even though the blood pressure did
not change.

More relevant is the question of whether correcting ane-
mia with stored RBCs will improve the oxygen consumption
and how it will affect outcome. First, despite the immediate
improvement in the oxygen-carrying capacity of the blood and
oxygen delivery, transfusion may not improve the target tis-
sue oxygen utilization, unless the patient has already reached
the critical hemoglobin concentration. Second, older red blood
cell units have low levels of 2,3-DPG. Their ability to release the
transported oxygen in the peripheral tissues is compromised; it
takes many hours to restore the normal levels of 2,3-DPG. Third,
older RBCs lack the normal deformability and thus impair the
capillary flow. These effects are clinically significant. For exam-
ple, in cardiac patients with hemoglobin 7.5–8.5 g/dL, transfu-
sion of 1–2 RBC units increased the calculated oxygen delivery
but did not increase oxygen consumption or tissue oxygenation
[117]. In an ICU study on critically ill septic patients, transfu-
sion of three RBC units failed to improve the tissue oxygenation
for up to 6 hours [118]. More importantly, there was an inverse
correlation between age of blood units and tissue pH. Transfu-
sion of RBC units older than 15 days consistently worsened the
tissue acidosis [118].

Two main approaches factor into the decision to transfuse.
First is the so-called transfusion trigger – establishing ahead of
time, based on our experience and assumptions, a certain level
of anemia at which, for the given patient, there is a favorable
risk/benefit ratio for the transfusion. Second is the real-time
physiologic data such as hemodynamic instability despite nor-
movolemia, decreased mixed venous oxygen saturation, evi-
dence of target organ ischemia, and direct or indirect measure-
ment of brain oxygenation.

In a landmark trial, critically ill euvolemic patients with
hemoglobin less than 9 g/dL were randomized to transfusion
trigger of hemoglobin 7 g/dL or 10 g/dL [119]. Patients in both
the restrictive and liberal arms of the study had an average of
two or more units of blood transfused prior to randomization.
Patients in the restrictive arm received 54 percent less transfu-
sions and their chance to receive any transfusion after random-
ization was diminished by 33 percent. Shock was diagnosed
more often in the restrictive group. Patients in the restrictive
arm had a one third less incidence of acute respiratory distress
syndrome (ARDS) and 35 percent fewer cardiac complications
such as heart attacks and pulmonary edema. Multiple-organ
failure scores adjusted to death and change of score after ran-
domization were lower with the restrictive protocol. Mortality
was lower with the restrictive strategy in patients younger than
55 years and with an APACHE II score of less than or equal
to 20, and similar or nonsignificantly lower for all other sub-
groups, including separate analyses for patients with trauma
[120] and cardiovascular disease [121]. Surprisingly, the trend
to decreased incidence of infections and bacteremia in the
restrictive group did not reach statistical significance, possi-
bly because of transfusion before randomization, which would
blunt the difference between the groups. Rate of pneumonia
was about 20 percent in both groups. Rates of all other indi-
vidual complications (aside from shock) were nonsignificantly
lower in the restrictive than in the liberal transfusion group.
Overall, the rate of complications was about 10 percent lower
in the restrictive versus the liberal transfusion group (P = non-
significant).

Regarding the effect of anemia and transfusions on mortal-
ity in cardiac patients, a post hoc analysis of 24,112 patients with
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Table 6.4: Approach to Transfusing Red Blood Cells (RBCs)

■ Transfuse RBCs if hemoglobin <6 g/dL
■ Do not transfuse RBCs if hemoglobin >10 g/dL
■ Decision to transfuse RBCs should be individualized based on

1. Presence of organ ischemia (e.g., altered mental status,
myocardial ischemia, acidosis, low mixed venous oxygen
saturation)

2. Rate of bleeding
3. Magnitude of bleeding
4. Intravascular volume status
5. Cardiopulmonary reserve

Based on the American Society of Anesthesiologists Practice Guidelines [125]

and review of the literature.

acute coronary syndrome pooled from three large cardiology
trials revealed an increase in 30-day mortality with transfu-
sion at a hematocrit higher than 25 percent [122]. In a study
on elderly patients admitted for acute myocardial infarction,
transfusion was beneficial if the admission hematocrit was less
than 33 percent and detrimental at a hematocrit higher than 36
percent [123]. We cannot, however, extrapolate data from this
specific population to the typical trauma patient.

The updated American Society of Anesthesiologists (ASA)
practice guidelines recommend transfusion if hemoglobin con-
centration is less than 6 g/dL and do not recommend trans-
fusion with hemoglobin concentration greater than 10 g/dL.
The decision to transfuse in the 6 to 10 g/dL hemoglobin con-
centration range should be individualized according to the
presence of organ ischemia, rate and magnitude of poten-
tial or actual bleeding, intravascular volume status, and risk
factors for complications of inadequate oxygenation, such as
low cardiopulmonary reserve and high oxygen consumption
[124] (Table 6.4). Although some authorities recommend using
mixed venous oxygen saturation (SvO2) of less than 50 percent
or mixed venous oxygen tension (PvO2) less than 32 mmHg
as a trigger for transfusion, clinical and laboratory evidence
are more frequently used. Use of recombinant factor VII, more
effective use of blood salvage devices, and possibly other means
of bleeding control may significantly decrease the need for allo-
geneic transfusion in the future.

One unit of packed red blood cells will usually increase
the hematocrit by approximately 3 percent or the hemoglobin
by 1 g/dL in a 70-kg nonbleeding adult. Available options are
type O-negative, type-specific, typed and screened, or typed
and cross-matched packed red blood cells. Type O-negative red
blood cells have no major antigens and can be given reasonably
safely to patients with any blood type. Unfortunately, only 8
percent of the population have O-negative blood, and blood
bank reserves of O-negative, low-antibody-titer blood are usu-
ally very low. For this reason, O-positive red blood cells are
frequently used. This is a reasonable approach in males but
may be a problem in childbearing aged females. If 50 percent
to 75 percent of the patient’s blood volume has been replaced
with type O blood (e.g., approximately 10 units of RBCs in an
average-sized adult patient), one should continue to administer
type O red blood cells. Otherwise, risk of a major cross-match
reaction increases as the patient may have received enough

anti-A or anti-B antibodies to precipitate hemolysis if A, B,
or AB units are subsequently given [2].

Obtaining type-specific RBCs requires 5 to 10 minutes in
most institutions, and “temporizing” measures can sometimes
be employed to gain the necessary time. Switching to a type-
specific blood transfusion as soon as possible would spare the
scarce supply of O-type blood, reduce the risk of hemolytic
transfusion reaction [125], and allow continuance with a type-
specific and cross-matched blood transfusion once it becomes
available. If one can wait 15 minutes, typed and screened blood
should be available. A full cross-match generally requires about
45 minutes and involves mixing donor cells with recipient
serum to rule out any unexpected antigen/antibody reactions.

Coagulation Factors and Platelets

The primary cause of bleeding after trauma is surgical, and
the second leading cause is hypothermia and dilutional coagu-
lopathy. Murray et al. have shown that microvascular bleeding
and clinical evidence of coagulopathy occurred in the setting of
massive transfusion and was associated with decreased coagula-
tion factor levels, decreased fibrinogen, and elevated prothrom-
bin times. Microvascular bleeding in this instance was treated
with fresh-frozen plasma [126, 127]. Two units of fresh-frozen
plasma (10–15 mL/kg) will achieve 30 percent factor activity
in most adults. Coagulation factor deficiencies may be present
due to other causes, such as preexisting defects or disseminated
intravascular coagulopathy from tissue injury.

Cryoprecipitate and factor concentrates may be indicated
to correct specific factor deficiencies. Cryoprecipitate is rich in
fibrinogen as well as factors VIII and XIII and the von Wille-
brand factor.

Thrombocytopenia is treated with platelet concentrates.
Because platelets are suspended in plasma, a unit of single-
donor apheresis platelets or four to five multiple donor platelet
units will provide factor levels similar to one unit of fresh-frozen
plasma.

Dilutional thrombocytopenia and microvascular bleeding
is likely after 1.5–2.0 blood volumes have been transfused.
For example, Leslie and Toy [128] showed that platelet count
was reduced to less than 50,000/μL after administration of 20
units of RBCs. Platelet transfusions are usually indicated in the
presence of clinical bleeding and a platelet count of less than
75,000–100,000/μL. Platelet concentrates are stored at room
temperature (thus a higher risk of bacterial contamination) and
contain about 70 percent of the platelets in a unit of blood. One
unit of platelets, equivalent to 50 mL, increases the platelet
count in an average adult by 5,000 to 10,000/μL. Transfusion
of single-donor pooled platelet units, equivalent each to 6 units
of random donor platelet units, has become routine at many
institutions.

Prothrombin time, activated partial thromboplastin time,
fibrinogen, and fibrin degradation products are monitored
because deficiencies may be present due to dilution, preexist-
ing defects, or disseminated intravascular coagulopathy [129].
Point-of-care testing including tests of platelet function (e.g.,
thromboelastography, platelet works) and rapid reporting of
coagulation test results are useful to guide decisions regarding
administration of fresh-frozen plasma, platelets, or cryopre-
cipitate. Modifications to the thromboelastograph include the
addition of recombinant human tissue factor as an activator that
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accelerates the rate of thrombin formation and time required
to evaluate clot strength and platelet function.

Treatment of coagulopathy with recombinant factor VII
(FVIIa) is of benefit in the setting of massive transfusion (see
Chapter 7). It might be especially important in Jehovah’s Wit-
nesses who refuse blood products [130] or in patients in clear
danger of exsanguination, usually in massive trauma. FVIIa
was developed initially for use in hemophiliacs who developed
inhibitors to factor VIII, and it is licensed only for this use. FVIIa
combines with tissue factor at the site of endothelial damage to
activate factor X, which promotes conversion of prothrombin
to thrombin and to trigger platelet activation. This “thrombin
burst” depends on adequate levels of fibrinogen and mainly
occurs at the site of injury, thus limiting the risk of throm-
botic events. FVIIa can also bind to activated platelet mem-
branes where it activates factor X directly, which leads to a
massive rise in thrombin generation at the platelet surface. The
dose currently recommended for bleeding episodes in patients
with hemophilia is 90 μg/kg. The dose used at Maryland Shock
Trauma Hospital is 100 μg/kg, rounded to the nearest vial (R.
Dutton, personal communication). Pharmacokinetics of FVIIa
based on the two-compartment model is compatible with an
initial half-life of 0.6 hour and a terminal half-life of 2.4 hours
[131]. If needed, continuous infusion of FVIIa can be used.
Of note, the use of FVIIa for reversal of coagulopathy and/or
treatment of bleeding in nonhemophylic patients is off-label.

The first case report on FVIIa use in a trauma patient
complicated with coagulopathy was reported in Israel in 1999
[132]. Initial anecdotal and small series reports suggested a
striking effectiveness of the intervention. Results of two par-
allel industry-supported multicenter trials on blunt and pen-
etrating trauma patients requiring transfusion of more than 6
units of RBCs were published together [133]. Patients received
the first dose immediately after the sixth dose of RBCs was
transfused. Patients with severe head injury and patients with
severe acidosis or requiring massive transfusion before arrival
at the hospital were excluded. A total of 277 cases were eligi-
ble for analysis. Trends to decreased transfusion requirements
and to decreased incidence of mortality, multiple organ failure
(MOF), and ARDS were observed, all the more pronounced in
the patients who had survived the first 48 hours. One hundred
thirty-six patients (49 percent) were considered coagulopathic.
In a subgroup analysis limited to coagulopathic patients, FVIIa
reduced transfusion requirements significantly and, again, this
effect was most pronounced in patients who had survived the
first 48 hours [134]. In the same subgroup, combined endpoint
of death, MOF, and ARDS occurred in 6 percent of patients
treated with FVIIa as opposed to 23 percent of patients treated
with placebo. In a retrospective review of the use of FVIIa in 81
patients with acute traumatic hemorrhage [135], the authors
concluded that early administration of FVIIa, before the devel-
opment of massive blood loss and severe shock, may increase the
rate of clinical response. Depth of hemorrhagic shock, profound
acidosis, and prothrombin time of more than or equal to 17.6
seconds were associated with the futile administration of FVIIa.
So far, all the studies enrolled the actively bleeding patients only
after a certain limit of transfusion had been reached – 6 units of
packed RBCs in the NovoSeven phase II trial [133], 10 units of
packed RBCs, 8 units of fresh-frozen plasma, and an apheresis
unit of platelets in the series published by Dutton and colleagues
[136]. Apparently, the common feeling among the active inves-

Table 6.5: Definitions of Massive Transfusion

One blood volume loss in 24 hours (equivalent to 10 units of
whole blood)

4 or more units replaced in 1 hour with continuing bleeding

50% blood volume loss in 3 hours (equivalent to 5 units of
whole blood)

50 units lost in 48 hours

20 units lost in 24 hours

Blood loss exceeding 150 mL/min

Adapted from Repine TB et al. The use of fresh whole blood in massive

transfusion. J Trauma. 2006 Jun;60(6 Suppl):S59–69.

tigators in the field is that, at this late stage of shock, FVIIa will
most probably reverse the coagulopathy and stop the bleed-
ing, but it will not reliably prevent major complications and
death. Earlier stratification of the patients and prompt admin-
istration of FVIIa might improve outcomes. Careful evaluation
of the safety profile of FVIIa and its risk (cost)/benefit ratio
is needed. In a review of 285 patients treated with FVIIa (242
trauma patients), 27 (9.4%) had thromboembolic complica-
tions, of them nine events were considered highly related to the
treatment. Of the nine, only two patients died; furthermore,
only in one did the treatment likely contribute to the demise
of the patient [137]. Almost all the thromboembolic complica-
tions occurred in conjunction with a high-energy local vascular
injury. Subsequently, the authors have tried to minimize the use
of the drug in patients with known carotid or mesenteric vascu-
lar injury. Considering that the patients represent the highest-
risk group and their expected mortality is very high, the overall
risk/benefit ratio was very favorable.

There are no studies addressing specifically patients with
head trauma. However, a randomized study of 399 patients with
spontaneous hemorrhage demonstrated a significant reduction
in the volume of hematoma and drastically improved survival
and functional outcome [138].

Cryoprecipitate is a highly concentrated source of
fibrinogen: 10 pooled units (50 mL) contain about 150 times
more fibrinogen than a 250-mL bag of fresh-frozen plasma.
Additionally, cryoprecipitate contains high concentrations of
factor VIII and Von Willebrand factor, which further enhance
platelet adhesion and coagulation. Depending on the local pro-
tocol, it is usually given later in resuscitation, after 10 or more
units of RBCs, one bag (10 pooled units) for every 10 units of
RBCs.

Massive Blood Transfusion

Massive transfusion protocols are employed to provide the
large quantities of blood products required for the resuscita-
tion of rapidly exsanguinating trauma patients (see Chapter
7). These protocols are designed to stabilize blood volume,
support tissue perfusion, and prevent or correct coagulation
deficits often associated with hemorrhagic shock. Different def-
initions of massive transfusion threshold exist (Table 6.5), such
as one total blood volume loss (and replacement) in 24 hours,
roughly equivalent to 10 units of whole blood, or 4 or more



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-06 CUFX276-Smith-v2 May 12, 2008 17:18

1 1 0 ■ N O V I K O V A N D S M I T H

Table 6.6: Clinical Strategies to Reduce Complications of Transfusion Therapy

Complication Clinical Strategies to Reduce Complication

Impaired oxygen release from hemoglobin Warm all IV fluids and blood. Avoid alkalosis. Maintain normothermia (core temperature
36–37◦C)

Dilutional coagulopathy Thawed plasma for prothrombin >1.5 times normal and clinically excessive bleeding.
Platelets for thrombocytopenia <75,000/μL and clinically excessive bleeding.

Hypothermia Warm all IV fluids and blood. Warm room >28◦C. Convective warming. Humidify all
inspired gases.

Decreased ionized calcium Treat with calcium chloride, 20 mg/kg, in setting of massive transfusion and hypotension

Hyperkalemia Monitor ECG and treat with calcium chloride, 20 mg/kg, if hemodynamically significant.
Otherwise, monitor and treat with glucose and insulin and/or bicarbonate.

Hemolytic transfusion reaction Check and recheck every donor unit. Once occurred, stop transfusion and maintain systemic
perfusion and renal blood flow. Alkalinize urine. Watch for DIC. Send suspected unit to
blood bank for cross-match.

Infection Lower transfusion trigger. Red blood cell salvage. Avoid indiscriminate blood product
transfusions. Oxygen-carrying red blood cell substitutes.∗

Transfusion-induced immunosuppression Lower transfusion trigger. Red blood cell salvage. Leukoreduction. Avoid indiscriminate
blood product transfusions. Oxygen-carrying red blood cell substitutes.∗

DIC, disseminated intravascular coagulation.
∗Not currently available.

units replaced in one hour with continuing bleeding, 50 per-
cent blood volume loss in 3 hours (equivalent to 5 units of
whole blood), 50 units lost in 48 hours, 20 units lost in 24
hours, or blood loss exceeding 150 mL/min. Massive trans-
fusion protocols have been modified and now generally con-
sist of administering RBCs and plasma initially, then adding
platelet units, cryoprecipitate, and FVIIa at regular intervals
later in the protocol [139, 140]. The reason behind designing
massive transfusion protocols is to prevent coagulopathy rather
than wait for coagulopathy to develop. Mathematical modeling
has shown that initial resuscitation with more than 5 units of
RBCs together with crystalloid inevitably leads to dilutional
coagulopathy [141]. Ongoing resuscitation with RBCs, fresh-
frozen plasma, and platelets in a 1:1:1 ratio just barely keeps
up. A mix of one unit of pRBCs, an apheresis unit of platelets,
and a unit of thawed plasma together have an approximate
hematocrit of 29 percent, about 65 percent of initial coagu-
lation factor activity, and platelet count of about 88,000 per
μL [142]. Some authors make a strong case that most trauma
patients have enough oxygen-carrying capacity reserve, but are
severely coagulopathic on their arrival to the hospital or before
the surgery. Indeed, coagulopathy as measured by the regular
tests is common in trauma patients [143–145], especially in the
ones showing signs of hypoperfusion and acidosis [144, 146],
and is strongly associated with mortality [143–145]. For the
trauma patient in hemorrhagic shock with ongoing bleeding,
the benefits of administering blood products in the absence
of confirmatory laboratory tests usually outweigh the risks of
transfusion. The logistics of such transfusion protocols need to
involve several departments, including anesthesia, surgery, and
blood bank (transfusion medicine). Further experience with
a large number of patients is needed to prove definite benefit
from use of such protocols in trauma patients [147].

Finally, the army employs a protocol of transfusing the fresh
warm whole blood collected in real time from the “walking
blood bank” (see Chapter 22). The practice is dictated mainly
by the very specific logistic limitations in the war theater, but
seems to be safe and much more effective than transfusion of
the stored blood components [148, 149].

Complications of Transfusions

In several high-quality retrospective studies of trauma patients,
transfusion was a very strong predictor of mortality even after
meticulous adjustment for age and severity of trauma and shock
[150, 151]. No randomized studies were conducted in trauma
patients to clarify the issue, and the design for such a study
would be extremely difficult. Mechanisms are also debated. Sev-
eral strategies might be used to decrease the rate of complica-
tions, such as cell salvage, preoperative erythropoietin, oxygen-
carrying red blood cell substitutes (not commercially available
to date), and lower transfusion triggers (Table 6.6).

Immunomodulation by allogeneic blood transfusion has
long been recognized, but the practical implications are uncer-
tain. In cadaveric kidney recipients, transfusion of RBCs
increased graft survival and the effect persisted after 5 years
[152]. Decreased natural killer cytotoxicity and changes in
T-cell subpopulations could be demonstrated two decades after
blood transfusion [153]. Infection risk may increase 10-fold,
and immunologic effects are still evident one month after trans-
fusion [154]. Transfusions, especially of non-leukodepleted
blood, have been associated with a poor wound healing [155],
failure of bowel anastomosis [156], sepsis, multiple organ fail-
ure [157], and death. These effects are more significant with
transfusions of older blood cells [158]. Blood banks discard
RBC units after 42 days of storage, but cells older than 14 days
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Figure 6.1. Number of packed red blood cell units transfused per patient. Data are from 115 trauma patients
requiring emergency surgery at MetroHealth Medical Center between June 3 and June 4. A total of 2,595 units
were transfused.

have been shown to increase the rate of the complications [159].
Observational studies report a severalfold increase in infection,
pulmonary complications, ARDS, ventilator-associated pneu-
monia, MOF, and mortality [159], but it is not clear what kind
of leukoreduction, if any, was used. Figures 6.1 and 6.2 illustrate
the age of RBC units issued by the blood bank to consecutive
trauma patients in our hospital, a tertiary care, Level 1 trauma
center.

Immunomodulation is dose-dependent regarding both the
number of units transfused (the usual threshold for measurable
effect being 3 to 4 units of pRBCs) and the degree of leukode-
pletion. For the past several years the blood provided to U.S.
hospitals by the American Red Cross is leukoreduced unless
requested otherwise. In most other developed countries, uni-
versal leukoreduction was adopted years ago. Thus, old find-
ings might not apply to the current practice. One has to recog-
nize that “leukoreduced” does not mean free from leukocytes.

Buffy-coat reduction removes about 70 percent of white blood
cells, whereas filtering the blood removes more than 99.9 per-
cent, leaving several million leukocytes per unit of RBCs. The
incidence of microchimerism (long-term survival of the donor
white blood cells [WBCs] in the recipient body) is approxi-
mately 30 percent and not diminished by leukoreduction [160].

Storage of blood with leukocytes allows them to release
significant amounts of cytokines. Thus, early leukoreduction
should reduce the inflammatory impact of the transfused
blood. Bedside leukoreduction has also been associated with
an impressive reduction in the risk of perioperative infection
associated with blood transfusion [161]. Current American Red
Cross standards require that RBC units be leukodepleted no
later than 5 days after donation, and contain no more than 5 ×
106 WBCs per unit. Leukoreduction seems to decrease the rate
of febrile reactions and postoperative infections [162–164].
Cell salvage is an important way to reduce allogeneic blood

Storage Days of pRBCs

0

5

10

15

20

25

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Unit Number

D
ay

s

Figure 6.2. Number of storage days for packed red blood cell units prior to transfusion in 115 trauma patients
requiring emergency surgery at MetroHealth Medical Center between June 3 and June 4. A total of 2,595 units
were transfused.



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-06 CUFX276-Smith-v2 May 12, 2008 17:18

1 1 2 ■ N O V I K O V A N D S M I T H

consumption. It reduces the postoperative infections and mor-
tality in some studies, but others do not confirm the results.

Transfusion-related acute lung injury (TRALI) is a rare
and underreported transfusion reaction presenting as ARDS
and noncardiogenic pulmonary edema during or after transfu-
sion of blood. All blood products, except albumin, have been
implicated. The severity of TRALI depends on the susceptibil-
ity of the patient to develop a more clinically significant reac-
tion as a result of an underlying disease process and on the
nature of triggers in the transfused blood components, includ-
ing granulocyte-binding alloantibodies (immune TRALI) or
neutrophil-priming substances such as biologically active lipids
(nonimmune TRALI). Immune TRALI, which occurs mainly
after the transfusion of fresh-frozen plasma and platelet con-
centrates, is a rare event (about one incidence per 5,000 trans-
fusions), but if it happens, requires mechanical ventilation in
about 70 percent (severe TRALI) and is fatal in 6 to 9 percent
of the cases. Nonimmune TRALI, which occurs mainly after
the transfusion of stored platelet and erythrocyte concentrates,
seems to be characterized by a more benign clinical course, with
oxygen support sufficient as a form of therapy in most cases and
a lower mortality than immune TRALI. Other causes of acute
lung injury should be excluded to diagnose TRALI. To pre-
vent further antibody-mediated cases, the evaluation of TRALI
should include leukocyte antibody testing of implicated donors.
However, further studies are necessary for the prevention of this
serious transfusion complication [165, 166].

The adverse effects of hypothermia in the trauma patient
include major coagulation derangements, peripheral vaso-
constriction, metabolic acidosis, compensatory increased oxy-
gen requirements during rewarming, and impaired immune
response [167–169] (see Chapter 29). Standard coagulation
tests are temperature corrected to 37◦C and may not reflect
hypothermia-induced coagulopathy [170–172]. Hypothermia
impairs coagulation because of slowing of enzymatic rates and
reduced platelet function. Even worse, different steps in coagu-
lation cascade are affected to different degrees, disrupting syn-
chronization of the cascade. Hypothermia can cause cardiac
dysrhythmias and even cardiac arrest due to electromechanical
dissociation, standstill, or fibrillation, especially with core tem-
peratures below 30◦C. Hypothermia also impairs citrate, lac-
tate, and drug metabolism; increases blood viscosity; impairs
red blood cell deformability; increases intracellular potassium
release; and causes a leftward shift of the oxyhemoglobin dis-
sociation curve. A mortality of 100 percent has been reported
in trauma patients whose body temperature fell below 32◦C,
regardless of the severity of injury, degree of hypotension, or
fluid replacement [173]. In our own study on 880 acute trauma
victims, hypothermia, and especially hypothermia toward the
end of the surgery, was an independent predictor of mortality
[174].

The importance of fluid warming cannot be overestimated
in the trauma patient. It requires 16 kcal of energy to raise the
temperature of 1 L of crystalloid infused at 21◦C to body tem-
perature and 30 kcal to raise the temperature of cold 4◦C blood
to 37◦C. Infusion of 4.3 L of crystalloid at room temperature to
an anesthetized adult trauma patient who cannot increase heat
production can result in a decrease of 1.5◦C in core tempera-
ture. Similarly, infusion of 2.3 L of red blood cells could result in
a core temperature decrease of between 1 and 1.5◦C [175, 176].
Because the thermal stress of infusing fluids at normothermia

is essentially zero, it follows that use of fluid-warming devices
effective at delivering normothermic fluids to the patient at
clinically relevant flow rates permits more efficient rewarming
of hypothermic trauma patients than using other methods such
as the patient’s own metabolically generated heat, or externally
provided heat such as convective warming [177].

Citrate Intoxication, Hyperkalemia, and
Acid-Base Abnormalities

Blood is stored in citrate phosphate dextrose with adenine or
adsol at 4◦C. Citrate binds calcium (that is why it is added to the
red blood cells in the first place) and citrate intoxication sharply
decreases the serum levels of ionized calcium [178]. Adminis-
tration of calcium is warranted during massive transfusion if
the patient is hypotensive and measured ionized serum calcium
is low or large amounts of blood are infused rapidly (50–100
mL/min). Ionized serum calcium levels will usually return to
normal when hemodynamic status is improved.

The potassium level in stored blood rises with length of
storage and can be as high as 78 mmol/L after 35 days. The
potential for clinically important hyperkalemia still exists in
patients receiving blood administered at rates greater than 120
mL/min [179] and in patients with severe acidosis. Monitoring
the ECG for signs of hyperkalemia is always warranted, and
treatment of hyperkalemia with calcium chloride, bicarbonate,
glucose, and insulin may be life saving.

The pH of bank blood decreases to about 6.9 after 21 days of
storage because of accumulation of CO2, lactic acid, and pyru-
vic acid by RBC metabolism. Thus, the acidosis seen in stored
blood is partly respiratory and partly metabolic. The respira-
tory component is of little consequence with adequate patient
ventilation. The metabolic component is not usually clinically
significant. It is unwise to administer sodium bicarbonate on
an empiric basis, because there is already a pool of bicarbonate
generated from the metabolism of citrate, which is present in
large quantities in stored blood.

Hemolytic Transfusion Reactions

Immediate reactions occur from errors involving ABO incom-
patibility. More than half of these errors happen after the blood
has been issued by the blood bank, which highlights the impor-
tance of verifying and identifying each and every donor unit for
recipient compatibility. Intravascular hemolysis occurs when
recipient antibody coats and immediately destroys the trans-
fused red blood cells. Classic signs of hemolytic transfusion
reaction are masked by general anesthesia. The only evidence
may be hemoglobinuria, hypotension, and a bleeding diathesis.
Treatment is supportive and involves stopping the transfusion
and maintaining systemic and renal perfusion.

Microaggregates

Microaggregates begin forming after approximately 2 days of
blood storage. During the first 7 days, microaggregates are
mostly platelets or platelet debris. After the first week, the larger
fibrin-white blood cell-platelet aggregates begin to accumulate
[180]. Whether these microaggregates contribute to lung dys-
function during blood transfusion and whether they need to be
removed by micropore filters is controversial.
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Table 6.7: Resuscitation Endpoints within the First 24 Hours
after Trauma

Parameter Value

Mixed venous oxygen tension >35 mmHg

Mixed venous oxygen saturation (central venous
or pulmonary artery)

>65%

Base deficit <3 mmol/L

Lactate <2.5 mmol/L

Adapted from Ivatury RR, Simon RJ. Assessment of tissue oxygenation (eval-

uation of the adequacy of resuscitation). In Ivatury RR, Cayten CGC, ed. The

Textbook of Penetrating Trauma. Baltimore, Williams & Wilkins, 1996, pp

927–38.

Infection

The risk of infection after transfusion of a single unit of blood
product in developed countries was approximately 1 to 2–3 ×
106 for hepatitis C, 1 to 30–200 × 103 for hepatitis B, and 1 to
1.5–4.7 × 106 for HIV; 1 to 2–8 × 103 for bacterial contam-
ination with platelet units, and 1 to 28–143 × 103 for pRBC;
several cases of possible transfusion-transmitted vCJD (vari-
ant Creutzfeld–Jacob disease) have been described [181]. The
risk per unit for Yersinia, malaria, babesiosis, and Chagas is
estimated at less than 1:1,000,000. Other types of infectious
diseases such as toxoplasmosis and cytomegalovirus, Epstein-
Barr virus, and bacterial infections may also be transmitted by
transfused blood and blood products. Each unit of fresh-frozen
plasma or platelets has the same risk of infection as a unit of
packed red blood cells.

Endpoints of Resuscitation

Blood and fluid resuscitation is continued until perfusion has
been improved and organ function has been restored. Mani-
festations of improved perfusion include improved mental sta-
tus, increased pulse pressure, decreased heart rate, increased
urine output, resolution of lactic acidosis and base deficit, brisk
capillary refill, and improvement in oxygen delivery, oxygen
consumption, and central venous or pulmonary artery oxygen
saturation (Table 6.7) [182].

Blood and Fluid Warmers

Fluid and blood resuscitation of the trauma patient is best
accomplished with large-gauge intravenous catheters and effec-
tive fluid warmers with high thermal clearances [183]. Because
alterations in red blood cell integrity are not apparent until
46◦C, several models of fluid warmers with set points of 42◦C
are now commonly used. Countercurrent water and other fluid
warmers using 42◦C set points will not damage red blood cells,
will result in consistently warmer fluid delivery, and will allow
the clinician to maintain thermal neutrality with respect to fluid
management over a wide range of flow rates [177].

S U M M A RY

Fluid management is a challenging task in trauma patients
undergoing urgent and emergent surgery. The major goal is to
stop the bleeding and replete intravascular volume to optimize
blood pressure and tissue oxygen delivery. Choice, volume, and
timing of intraoperative fluid resuscitation is based on clinical
scenario and on correlates of hypoperfusion such as tachycar-
dia, hypotension, low pH, base deficit, and lactate.

The bleeding trauma patient requires rapid evaluation and
treatment to ensure adequate tissue perfusion and successful
outcome. Resources such as thermally efficient warmers, effec-
tive transfusion services, and rapid availability blood products
(RBCs, thawed plasma, platelets, cryoprecipitate), FVIIa, and
coagulation tests are practical aspects of trauma resuscitation
that deserve priority. Preventing hypothermia and recognizing
other complications of massive transfusion, as well as mon-
itoring trends in vital signs, urinary output, central venous
pressures, and arterial and central venous blood gas analysis,
are of vital importance in managing patients with hemorrhagic
shock.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Delayed or hypotensive fluid resuscitation

a. Increases survival in patients with ruptured aortic
aneurysm and in military trauma patients

b. Is superior in animal studies
c. Is aimed at restoration of systolic blood pressure to more

than 80 mmHg in pregnant patients and head trauma
patients, and to restore mental status in all others

d. Is detrimental in some human studies

2. When comparing different crystalloid solutions,

a. 0.9 percent saline and lactated Ringer’s solution have sim-
ilar effect on intravascular volume, acid-base balance,
and coagulation profile.

b. Lactated Ringer’s solution cannot be coinfused with
blood products or used to dilute packed red blood cells.

c. Hemodilution leads to coagulopathy.
d. Volume expansion with lactated Ringer’s solution is

approximately one third of the infused volume imme-
diately after the infusion, and drops to about 7 percent
of the infused volume half an hour later.

3. When comparing different isoosmolar crystalloid solutions,

a. Lactated Ringer’s solution is a standard choice for head
trauma due to better coagulation and acid-base profile
than 0.9 percent saline.

b. In acute trauma, judicious use of glucose-containing
solutions aimed at maintaining the necessary nutrient
supply for the brain and preventing protein breakdown
improves neurologic outcomes, nutritional status, resis-
tance to infections, and long-term survival in nondia-
betic patients.

c. Infusion of more than 30 mL/kg of 0.9 percent saline
leads to hyperchloremic acidosis.
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d. Infusion of more than 30 to 40 mL/kg of lactated Ringer’s
solution leads to lactic acidosis and/or to severe respira-
tory acidosis.

4. Regarding colloid- and crystalloid-based volume replace-
ment regimens,

a. Use of hetastarch is associated with improved tissue oxy-
genation, decreased endothelial swelling, and decreased
inflammatory response.

b. Most hetastarch solutions improve coagulation and
platelet function in a dose-dependent manner.

c. Hetastarch solutions and other colloids improve survival
in patients with massive blood loss.

d. Hetastarch molecules are metabolized in the liver and
filtrated by kidneys.

5. Hypertonic saline (HS)

a. Is rarely used in head trauma patients because it is
often associated with rapidly developing dose-dependent
hypernatremia and hyperosmolarity that might lead to
seizures and central pontine myelolysis (CPM).

b. In head trauma patients, it is at least as effective as man-
nitol in decreasing the intracranial pressure.

c. Improves short- and long-term outcomes in head trauma
patients.

d. Is not effective for volume replacement in dehydrated
patients.

6. Regarding anemia,

a. Oxygen-carrying capacity is not affected by anemia until
hemoglobin falls below a certain level.

b. Tissue oxygenation is independent of the oxygen-
carrying capacity.

c. Oxygen delivery in euvolemic anemic patients is main-
tained over a wide range of hematocrits as a result of
decreased peripheral vascular resistance, decreased blood
viscosity, tachycardia, and increased stroke volume.

d. In a healthy adult, tissue oxygenation decreases when
hemoglobin falls below 7–8 g/dL. Vital organs (brain,
heart, kidneys, gut) compensate by increasing the oxygen
extraction ratio.

7. Regarding blood transfusions,

a. In the transfusion requirements in critical care (TRICC)
study, patients in the liberal transfusion arm had signif-
icantly higher rate of pulmonary and cardiac complica-
tions.

b. In the TRICC study, patients with coronary artery disease
did worse with restrictive transfusion strategy.

c. Current ASA guidelines recommend transfusion at
hemoglobin below 10 g/dL.

d. Transfusion improves tissue oxygenation parallel to
increase in oxygen-carrying capacity.

8. Transfusion in trauma

a. Should be done with O negative blood only

b. If more than 2–4 units of O type blood have been admin-
istered, one should continue with the O type blood even
after type-specific blood is available

c. Should be delayed until surgical control of bleeding is
achieved

d. In case of massive ongoing blood loss, should combine
transfusion of packed red blood cells, coagulation factors,
and platelets

9. Recombinant factor VIIa:

a. Reduces transfusion requirements, major complications,
and death in severe trauma

b. Stops traumatic bleeding, but leads to thrombosis, espe-
cially of the carotid and mesenteric arteries

c. Should be used as early as possible before irreversible
shock develops

d. Not enough data are available so far to make definite
recommendations about patient selection, timing, and
dosage in trauma patients.

A N S W E R S

1. b. In animal studies hypotensive/delayed resuscitation is
consistently associated with less hemorrhage and increased
survival. Meta-analysis of human studies failed so far to
prove superiority of this strategy in trauma or in ruptured
aortic aneurysm patients. So far, no human studies have
shown a detrimental effect of hypotensive/delayed resusci-
tation, but, in many, results were inconclusive or equal. The
typical goal (based on expert opinion, not hard evidence) is
restoration of mental status, peripheral (radial) pulse and
systolic blood pressure of 80 mmHg in otherwise healthy
patients, and somewhat higher blood pressures, usually 100
mmHg systolic and 70 mmHg mean arterial pressure for the
head trauma and pregnant patients.

2. d. Mild (up to 20–40%) hemodilution leads to hyperco-
agulability due to dilution of anticoagulation factors and
platelet activation. Procoagulant factors are present in more
significant excess and are less affected by mild dilution. At
more than 60 percent hemodilution, all fluids cause coag-
ulopathy. However, at least in some studies with 0.9 per-
cent saline there is tendency to less initial hypercoagulabil-
ity and to more pronounced coagulopathy afterward; 0.9
percent saline infused in large volumes also causes hyper-
chloremic acidosis while lactate from lactated Ringer’s solu-
tion is transformed to bicarbonate in the liver and increases
the blood-buffering capacity. Lactated Ringer’s solution can
be coinfused with packed red blood cells and used for
dilution of pRBCs at least up to 1:2 (LR to pRBC) ratio.
Infused crystalloids are immediately redistributed between
intravascular and interstitial spaces at about 1:2 ratio and
have a remarkably short intravascular half-life afterward.

3. c. Lactated Ringer’s solution is mildly hypotonic and the-
oretically may exacerbate brain edema in head trauma
patients. Trauma and especially severe head trauma is asso-
ciated with hyperglycemia. There is no need for glucose
supplementation; on the contrary, strict glucose control
improves survival and neurologic outcomes. In patients
with normally functioning liver, lactate is metabolized to
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bicarbonate, which increases the blood buffering capacity;
massive infusion of LR can lead to mild respiratory acidosis
but, in a typical trauma patient under general anesthesia,
this is easy to control with increased ventilation. Infusion
of large volumes of 0.9 percent saline does lead to hyper-
chloremic acidosis.

4. a. Use of hetastarch is associated with improved tissue
oxygenation, decreased endothelial swelling, and decreased
inflammatory response. However, meta-analysis of the cur-
rently available data does not confirm a survival benefit with
hetastarch or other colloid-based volume resuscitation reg-
imens. Most hetastarch solutions cause coagulopathy. Only
small hetastarch molecules can be filtered by kidneys; the
larger ones are slowly metabolized by intravascular amylase
and then filtrated in the urine.

5. b. Hypertonic saline infusion does cause a dose-dependent
and sometimes a very significant increase in serum sodium
concentration and osmolarity. However, we are not aware
of reports on complications arising from the hyperna-
tremia and hyperosmolarity with the use of currently rec-
ommended doses of hypertonic saline in trauma patients.
Despite evidence of rapid and sustained improvement in
intracranial pressure, cerebral perfusion pressure, tissue
edema, and other important parameters and improved sur-
vival to discharge in some studies, there is no conclusive evi-
dence of better long-term outcomes with the use of hyper-
tonic saline in head trauma patients. Hypertonic saline is
effective in restoring the intravascular volume even in the
patients who were severely dehydrated prior to the treat-
ment.

6. c. Oxygen-carrying capacity of the blood is directly propor-
tional to the hemoglobin concentration at any hemoglobin
level. Other factors are equally important in maintaining
tissue oxygenation. Tissue oxygenation in anemia is inde-
pendent of the oxygen-carrying capacity only to a certain
level. Down to about 5g/dL, oxygen delivery in euvolemic
and otherwise healthy patients is not affected – increased
cardiac output, redistribution of the blood flow to vital
organs, increase in dissolved oxygen content especially in
patients on supplemental oxygen/high FiO2 compensate
for the decreased O2-carrying capacity. Below this level,
increased oxygen extraction accounts for maintaining tis-
sue oxygenation in the face of decreased oxygen delivery.
At some point, though, this mechanism will be exhausted,
and the patient will suffer from tissue hypoxia. The heart
does not have a significant oxygen extraction ratio reserve
and compensates almost exclusively by increasing coronary
blood flow.

7. a. In the TRICC study, rate of ARDS, pulmonary edema, and
heart attacks was about 50 percent higher with the liberal
transfusion strategy [120]. Patients with coronary artery
disease had similar outcomes with either strategy. Current
ASA guidelines for transfusions recommend, as a general
rule, to transfuse patients with hemoglobin less than 6 g/dL,
to avoid transfusion at more than 10 g/dL, and to con-
sider other factors when deciding on transfusion between
these values. Finally, in several studies, transfusion of stored
packed red blood cells failed to improve tissue oxygenation
despite the increase in measured oxygen carrying capacity.

8. d. O positive blood is a safe choice in male trauma patients.
Even in female victims, if O negative blood stores are

exhausted, benefit may outweigh the risk of alloimmuniza-
tion or the hemolytic reaction as a result of prior alloim-
munization. In an average-sized adult, one should continue
with O type blood if more than about 10 units of pRBCs
have been transfused, unless the blood bank dictates oth-
erwise based on blood typing. In massive ongoing hem-
orrhage, blood transfusion according to a massive blood
transfusion protocol should be initiated as early as possi-
ble. Cotransfusion of packed red blood cells, fresh-frozen
plasma, and platelets in 1:1:1 ratio provides a mix with
hematocrit of about 29 percent, about 65 percent of original
activity of coagulation factors, and platelet count of about
90,000/μL.

9. d. Recombinant factor VIIa might be the most exciting topic
in current trauma therapy, but to date, only results of phase
II randomized trial and of several non-randomized series
are available. It seemingly reduces the need for transfusion,
rates of major complications and death, especially in coag-
ulopathic patients and especially in patients who survive
the first 48 hours. Currently, it has been used after 6 to 10
units of packed red blood cells, with various amounts of
coagulation factors and platelets have been administered.
Apparently, the impression of the major investigators in
the field is that at this late stage the drug helps to stop the
bleeding but it might be too late to reverse the complica-
tions arising from hemorrhagic shock; thus the drug should
be administered earlier, but no formal criteria for selection
of the patients are established. Clinically significant throm-
bosis seems to be rare and associated with localized blood
vessel trauma.
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M A S S I V E T R A N S F U S I O N P R O T O C O L S

I N T R AU M A C A R E

John E. Forestner

Objectives
■ Describe planning and implementation of a massive transfusion protocol (MTP) for a large

urban trauma service.
■ Stress the coordination and education effort involving many hospital services prior to intro-

duction of the protocol.
■ Review the available data on clotting function during rapid exsanguination, and the

optimal distribution of blood products for fluid resuscitation (packed red blood cells,
plasma, platelets, cryoprecipitate, and recombinant Factor VIIa) during ongoing blood
loss.

■ Discuss the difficulty of designing research in trauma patients to demonstrate significant benefit
to these patients caused by the MTP.

■ Present preliminary outcome data using the MTP (compared with prospectively gathered
historical control data collected in the year prior to introduction of the MTP), which shows a
decrease in the number of blood products required for fluid resuscitation in surgery, implying
some benefit in trauma patients by providing control of coagulopathy.

I N T R O D U C T I O N

The design and implementation of a massive transfusion pro-
tocol (MTP) for use in trauma care in a large urban hospital
is described. The MTP provides rapidly bleeding patients with
automatic regular shipments of blood products to facilitate fluid
resuscitation during emergency care and surgery. Design of the
protocol, particularly the choice of ratio between packed red
blood cells, plasma, and platelets at each stage of resuscitation,
is discussed based on results of recent studies concerning the
need for volume support, oxygen delivery, and coagulation sup-
port during ongoing blood loss and surgery.

Coordination and education of the various services
involved, and careful follow-up during the initial six months of
experience, produced a smoothly running MTP with remark-
ably little blood product wastage. Preliminary outcome data
from the first two years of experience with this protocol sug-
gest that earlier control of bleeding is achieved using the MTP,
compared with pre-MTP controls. A clearly reduced quantity of
blood products required during fluid resuscitation and surgery
suggests earlier control of coagulopathy by using the MTP, in a
varied acute trauma population with massive bleeding.

Massive transfusion protocols have been introduced into
trauma care over the past two decades to provide the large quan-
tities of blood products required for the resuscitation of rapidly
exsanguinating trauma patients. These protocols are designed
to restore and stabilize blood volume, support oxygen delivery
to the tissues, and to correct the coagulation deficits often asso-
ciated with hypovolemic shock. The logistics of such an effort
are vast and complicated, and designing and implementing a
local protocol typically involve consultations among many ser-
vices and departments in a hospital during the design phase.
Education of the involved personnel and initial implementation
of the protocol take a great deal of attention and effort, and not
all problems that arise can be anticipated during the planning
phase. Careful analysis of difficulties encountered in the intro-
duction of the protocol led in our experience to several revisions
of the protocol over the first 2 years of use. To individuals who
have taken part in starting similar protocols, it should not be
surprising that it has taken 2 years to arrive at the point where we
feel we are ready to study the effect of the protocol on a limited
number of patient-related and system-related outcomes.

Current clinical progress related to MTP is comprehensively
summarized in a report of a recent international symposium at

1 2 1
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Table 7.1: Definitions of Massive Transfusion

One blood volume loss in 24 hours (equivalent to 10 units of whole
blood) or 4 or more units replaced in one hour with continuing
bleeding

50% blood volume loss in 3 hours (equivalent to 5 units of whole
blood)

50 units lost in 48 hours

20 units lost in 24 hours

Blood loss exceeding 150 mL/min

Adapted from Repine TB et al. The use of fresh whole blood in massive

transfusion. J Trauma. 2006 Jun;60(6 Suppl):S59–69.

the United States Army Institute for Surgical Research in San
Antonio, Texas, which was published as a supplement to the
June 2006 issue of the Journal of Trauma [1]. Like most analyses
of transfusion medicine in trauma, research studies described
in this symposium produce Class II and Class III data, which
in evidence-based medicine are considered relatively weak. The
lack of randomized controlled studies in this area is a problem
that will be difficult if not impossible to correct [2]. This being
said, the information in this recent symposium will be indis-
pensable for trauma teams and hospitals starting to utilize MTP
in severely injured patients.

This chapter is intended to summarize the process of orga-
nizing an MTP for a large urban trauma service. Anesthesia
departments involved in starting such protocols should find
the information included here helpful, while departments with
currently functioning protocols in place may find our expe-
rience interesting to compare with theirs. At the end of our
efforts, when we seem to have produced a smoothly running
protocol, we are conducting retrospective and prospective out-
come studies to detect possible benefit from what appears to
be optimized provision of blood products for trauma care. The
challenge of such studies will be considerable given the diver-
sity of the type and extent of injuries, the variation in prehos-
pital treatment, and the wide dispersion of trauma scores in
these patients on arrival at the hospital. Experience with a large
number of patients, however, may provide the ability to show
evidence of benefit from use of the protocol in such a hetero-
geneous population [3].

D E F I N I N G M A S S I V E T R A N S F U S I O N

Accepted definitions of massive transfusion, listed in Table 7.1,
cover a broad range of blood loss over varying periods, all poten-
tially leading to progressive hypovolemic shock unless corrected
appropriately. These time and volume definitions indicate that
an MTP, if available, should be started immediately when they
are exceeded in a trauma patient. Our trauma surgery service
suggested that an estimated or anticipated blood requirement
of 5 units per hour, or 10 units for an entire surgical procedure
(or during 12–24 hours of observation), should be a reasonable
guide to when the MTP should be requested (Table 7.2).

In the emergency room, occult blood loss is often impossible
to estimate, and blood requirements may be difficult to assess
or anticipate for an unstable patient who remains hypoten-

Table 7.2: Entry Criteria for Massive Transfusion Protocol at
Parkland Memorial Hospital

5 units blood loss in one hour (50% blood volume) OR

10 units blood loss anticipated in entire case, or within 12–24 hours
of observation (one blood volume) OR

Hypovolemic hypotension uncorrected by crystalloid and/or
packed red blood cell resuscitation during ongoing hemorrhage

sive despite initial fluid resuscitation. As a result, the ultimate
criterion for starting the MTP in a trauma patient is physio-
logic instability, particularly hypotension, which is inadequately
corrected by ongoing fluid therapy with crystalloid, universal
donor red blood cells in some cases, or cross-matched blood
when time permits. The amount of external blood loss prior to
and following arrival at the hospital may also be impossible
to estimate, so that volume requirements to restore vital signs
to normal range may be the only available indicator of the extent
of total blood loss in a trauma patient.

Seriously injured trauma patients usually have an arterial
blood gas and coagulation profile drawn soon after arrival in the
emergency room. Metabolic acidosis with a negative base excess
may be an important indicator of shock and probably the need
for MTP. Clotting functions may suggest initial coagulopathy,
due to either consumption or dilution of clotting factors. Inhi-
bition of coagulation due to hypothermia may be difficult to
assess, but should be suspected in cold-exposed patients and
may not be confirmed in laboratory results run on blood sam-
ples warmed to body temperature during testing. In the unstable
trauma patient, results of laboratory tests may be reported long
after definitive therapy has commenced in the operating room,
so they serve more to confirm initial suspicions retrospectively
than to determine a diagnosis or indicate a therapeutic interven-
tion in real time. Ultimately it is prolonged physiologic instabil-
ity that is the essential measure of rapid, ongoing blood loss and
is therefore the most frequent indicator for starting the MTP,
since patients who remain unstable despite volume resuscita-
tion almost always require more than 10 units of packed red
blood cells (one blood volume) during emergency evaluation
and subsequent surgery.

P L A N N I N G P H A S E – C O N S U LTAT I O N S

The trauma surgeons suggested the initial proposal for the MTP
to the blood bank pathology staff, and after lengthy discus-
sions, an initial draft of the protocol was drawn up. This draft
was then referred to the trauma anesthesiologists and operat-
ing room nursing supervisors for comments and suggestions.
Consultations were then started with all the involved services
listed in Table 7.3. All services agreed that the process should
be triggered by one of the physicians treating the patient after it
was determined that blood loss met the defined criteria. Ideally,
this process would require only one phone call to the blood
bank, after which regular shipments of blood products would
be prepared and dispatched to the operating rooms without
need for further communication until the protocol was stopped.
The actual design of the protocol and the varying quantities of
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Table 7.3: Hospital Services Involved in Massive Transfusion
Protocol Planning and Implementation

Transfusion medicine

Trauma surgery

Operating room nursing

Anesthesiology

Emergency room nursing

Transport

Process improvement

blood products in each shipment was proposed by Transfusion
Medicine (Table 7.4) (see Design of the Protocol).

Information sessions on how the MTP would be used
were held for anesthesiology faculty, residents, and nurse anes-
thetists, surgical faculty and residents, operating room nursing
personnel, and the transport orderlies. Because the MTP would
affect blood bank routines so drastically, multiple discussions
and planning sessions were necessary with the technicians there
to prepare for the first MTP episodes, and several mock MTP
drills were conducted prior to implementation.

Data collection was planned during implementation by
Process Improvement, an administrative nursing department
that assists the Blood Utilization Review Committee, to be used
in analysis and fine tuning of the protocol whenever prob-
lems might arise. This involvement was critical to the evolu-
tion of the MTP to its ultimate form during its first six months
of use.

After all involved services approved the final protocol, and
the detailed plan was reviewed and approved by the Blood Uti-
lization Review Committee, the protocol was ready for imple-
mentation on June 1, 2004.

D E S I G N O F T H E P R O T O C O L

The Parkland MTP is summarized in Table 7.4. The protocol
was designed to achieve the goals discussed earlier of volume
support, increased oxygen-carrying capacity, and stabilization
of the coagulation process. Satisfying all these goals while mini-
mizing exposure to blood products and their immune and infec-
tious consequences can be an impossible challenge. Despite
better detection of infectious agents in blood products and
elimination of high-risk donors, there is still some minimal risk
of viral disease transmission, especially from Hepatitis B virus,
which currently has no specific nucleic acid assay to detect early
antigen levels following donor infection. Although a nucleic
acid assay is being developed for Hepatitis B, which would be
similar to the assays for Hepatitis C and HIV, it is not yet avail-
able for general use. This should lower the risk for infection
with Hepatitis B to less than one in two million units of blood
given, less than one-tenth of the current estimated incidence
of infection [4]. Another serious risk of infection, due to stor-
age at room temperature, is bacterial contamination of pooled
stored platelets, which may cause sepsis and occasional death
in recipients.

Table 7.4: Quantity of Products Delivered in Each Shipment
Utilizing a Massive Transfusion Protocol – Parkland Memorial
Hospital

Shipment RBC TP 5PLT/APH CR rFVIIa

1a 5 (O Neg) 2 (AB)

1b 5 2

2 5 2 1

3 5 2 10 rFVIIa

4 5 2 1

5 5 2

6 5 2 1 10

7 5 2

8 5 2 1

9 5 2 10

10 5 2 1

RBC, packed Adsol-1 or Adsol-5 red blood cells (in cooler); TP, thawed fresh

plasma (in cooler); PLT/APH, platelet pool (five-pack) or apheresis single-

donor unit equivalent to 5 pooled transported at room temperature; CR,

cryoprecipitate, pooled ten-unit bag (in cooler); rFVIIa, recombinant Factor

VIIa (lyophilized powder with diluent).

Note: This summarizes the format for the MTP in use for the past 18 months.

Minor changes in the protocol were made after six months of use to minimize

blood product wastage, especially of cryoprecipitate, that had occurred in the

first six months in which it was used.

Protocol design and revisions were the work of Ravinder Sarode, MD, Director

of Transfusion Services; Cynthia Rutherford, MD, Hematology/Oncology;

and Kathryn Tchorz, MD, Trauma Surgery, with assistance from John E.

Forestner, MD, Anesthesiology and Pain Management; and James Burner,

MD, Assistant Director of Transfusion Services.

The immune risks of blood product exposure are more con-
troversial, and studies have appeared that propose an associa-
tion between transfusion and multiple organ failure and death
in the trauma patient, as an independent risk factor, citing
inflammatory and immune mediators as responsible. Although
these reports showing serious immediate and delayed conse-
quences of massive transfusion have been criticized method-
ologically, as they link multivariate analyses of outcomes in
a broad range of trauma studies, the possibility of harm to
patients from massive transfusion is still taken seriously by
many trauma specialists [5]. Total cumulative risk from inflam-
matory and infectious causes, from use of plasma and platelets
in transfusion therapy for trauma in Europe, appears to be less
than one one-hundredth the risk of developing coagulopathy
in massively bleeding patients [6]. Considering the sum of all
risks of transfusion therapy, one could logically conclude that,
for the rapidly exsanguinating patient, the risk/benefit compar-
ison favors the use of blood products when immediate survival
is the outcome measure, although some trauma experts find the
lack of randomized prospective controlled trials on this issue
troubling [7].
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Table 7.5: Massive Transfusion: Elective Surgery vs. Trauma Surgery

Elective Surgery Trauma Surgery

Tissue trauma Controlled Massive and uncontrolled

Initiation of massive
transfusion

No delay between hemorrhage
and initiation of treatment

Interval varies widely

Volume status/shock Normovolemia maintained and
shock is avoided

Frequent hypovolemia, shock

Temperature Normothermia maintained Hypothermia frequent

Monitoring of hemostasis Ongoing, can anticipate problems Late, tests after onset of coagulopathy

Coagulopathy Related to decreased factors Related to disseminated intravascular
coagulation

Treatment of coagulopathy Correction according to lab tests Correction of perfusion temperature
anemia empiric treatment with factors

Note: Modified from Hardy J-F, et al. Massive transfusion and coagulopathy: Pathophysiology and implications for clinical

management. Can J Anesth 2004;51(4):293–310.

Clinical studies dealing with current transfusion prac-
tice in trauma that meet evidence-based standards are scarce.
Many early studies are based on replacing shed blood with
whole blood or citrate-phosphate-dextrose (CPD) packed cells.
Because AS-1 and AS-5 packed red blood cells are currently sup-
plied by most blood distribution networks to take advantage of
longer storage times, earlier studies on CPD cells may have
limited applicability to current practice. Studies where blood
loss is investigated in elective cases must also be regarded as of
limited validity when applied to trauma care, for reasons that
are well summarized in Table 7.5, based on the work of Jean-
François Hardy and colleagues [8]. Important variables to be
considered would include the amount and rate of rapid blood
loss, cold exposure, and long prehospital transport times often
seen in trauma patients, which may result in broad variation
in patient-specific packed cell and clotting factor requirements,
even before evaluation and care in the trauma receiving unit
and subsequent transport to surgery. Comparison of outcomes
between trauma cases and elective cases, with similar volume
losses, when elective losses occur relatively slowly under con-
trolled conditions in the operating rooms, is obviously suspect
and of limited validity [9].

Another uncontrollable variable between trauma patients
is the amount of crystalloid load they have had in transport
and the additional amounts of crystalloid and packed cells they
may have had in the emergency room. This is yet another factor
among the many that define a very heterogeneous population
of trauma patients in various stages of hypovolemic shock, for
whom a universal regimen may be difficult to design.

In designing the MTP, it was assumed that the first ship-
ments of blood products would be used when there was less
need for clotting factor and platelet supplementation, when
total blood loss would be less than one blood volume. As seen in
Table 7.4, the first shipments are composed primarily of packed
red blood cells and plasma, with pheresis platelet units (equiv-
alent to five packs of individual donor platelets), pooled cryo-
precipitate (10 donor pooled packs), and recombinant Factor
VIIa added at regular intervals later in the protocol. Each ship-
ment contains five units of Adsol packed red blood cells and two

units of thawed fresh plasma, sealed along with a refrigerant, in
a cooler labeled with the number of the shipment in sequence.
After the MTP is started, the first shipment is assembled rapidly
while an orderly is sent to the blood bank to transport the cooler
to surgery as soon as it is ready (see Figures 7.1–7.3). If a blood
sample is available at that time, type-specific blood and thawed
plasma are sent from the start. If a blood sample is not available,
one is requested from surgery, and the first shipment contains
type O negative universal donor blood, with type AB positive
thawed plasma. Assembling and labeling the first shipment takes
less than ten minutes, and blood is rapidly transported to the
operating room for use.

As soon as the first shipment leaves the blood bank, the
second is being prepared, labeled, and assembled for shipment.
Cross-matching of previously shipped units is performed retro-
spectively after the units are dispatched to surgery. Throughout
the MTP, all the facilities of the blood bank are completely
devoted to the protocol and its smooth execution. In two years
there have been no simultaneous MTPs on multiple patients,
although that possibility has been discussed. Although theoret-
ically two shipments per hour would be maximal output, espe-
cially later in the protocol where cryoprecipitate is pooled from
ten units, the blood bank has on occasion achieved a rate of three
or four shipments per hour for rapidly bleeding patients [10].

Historically the first MTPs contained only packed red blood
cells, and other components had to be specifically ordered from
the operating room. Most protocols currently in use include
fresh-thawed plasma and packed red blood cells in a ratio vary-
ing from 2:5 to 1:1. The case for including plasma in shipments
from the very start is reasonably strong, because many patients
have ongoing coagulopathy on arrival in surgery, arising from
tissue hypoperfusion during prehospital and preoperative care
[11]. The term coagulopathy in this context can include qualita-
tive and quantitative deficiency of clotting factors and platelets,
due to dilution, consumption, hypothermia, or prior drug ther-
apy. The differential diagnosis in most trauma settings tends
to lump both primary hemostasis (platelet activity) and the
coagulation cascade (clotting factor activity) together under
the term coagulopathy, although Hardy et al. suggests the use
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Figure 7.1. Massive Transfusion Protocol – Transport Blood Coolers.
Cooler at top is used for packed red blood cells, fresh-thawed plasma,
and at times for cryoprecipitate. The plastic container at the bottom,
clearly labeled (label on side of box) “DO NOT REFRIGERATE” is kept
at room temperature for platelet transport. All platelets on the protocol at
this time are single-donor pheresis packs, equivalent to pooled platelets
from five single units of whole blood.

of the more correct term “defective hemostasis” to cover both
parts of abnormal clotting seen clinically [8].

Hirshberg’s et al. widely quoted computer simulation of
blood loss replaced with crystalloid alone, or with red blood
cells, plasma, and platelets, strongly supports an increased ratio
of at least 2 units of plasma for every 3 units of packed red
blood cells [12]. A model for acute blood loss in trauma was
developed (Figure 7.4) that linked three modules, grouping
hemodynamic factors, dilution effects, and coagulation effects
into functional units, with internal and external physiologic
relationships defined by standard equations and reasonable
assumptions. Using clinical data derived from 44 patients with
penetrating trauma, Hirshberg and his coworkers simplified the
trauma setting by assuming a mean 17-minute time from the
emergency medical system (EMS) call to intravenous insertion
in the field, a further mean transport time to the hospital of
14 minutes, and a mean emergency room time of 41 minutes
until arrival in surgery. Only crystalloid was administered to the
patient through this period, and blood products were assumed,
under the model, to be started only in the operating rooms. The
average systolic blood pressure in these patients was 71 mmHg,
and it was estimated that this would represent a blood loss

Figure 7.2. Open Cooler. The coolers are clearly labeled in sequence,
according to the shipment number in the protocol. Packed red blood
cells and plastic artificial refrigerant packs are seen.

on arrival at the hospital of roughly half the circulating blood
volume. Assuming continued blood loss prior to surgery, the
simulation included adjustments for the effects of infused crys-
talloid, transcapillary refill, and the effect of hypotension on the
bleeding rate. In the first computer simulation, only crystalloid
and packed cells were given in surgery, while blood loss con-
tinued uncontrolled, and the approach to subhemostatic levels
of various clotting elements was estimated (Table 7.6). Under
these conditions, a prolonged prothrombin time occurred first,
followed by low estimated plasma fibrinogen, and finally by
deficient platelet levels, assuming ongoing effects of dilution,
consumption, and platelet sequestration.

In a second part of this simulation, calculations were made
by using fresh-thawed plasma in varying ratios to the ongoing
packed red blood cell transfusions. Three-dimensional matrices
were constructed, which showed ratios where the prothrombin
time could be maintained in the functional range despite dilu-
tion (Figure 7.5). The ideal ratio of plasma to packed red blood
cells, which would maintain the prothrombin time at less than
1.5 times normal, was 2:3, when the first plasma was given prior
to the third unit of packed cells. If thawed plasma was started
after the third unit of packed cells, the prothrombin time in
this simulation would never be fully corrected, and dilution
effects would be potentially significant. Fibrinogen deficiencies
would be similar but later in onset, and could be readily cor-
rected by large volumes of thawed plasma. Platelet effects from
dilution would not occur in the simulation provided a ratio of
platelet packs to red blood cell units was kept at 8:10. From
their calculations, Hirschberg and colleagues strongly recom-
mend that fresh-thawed plasma should be used from the very
start of trauma resuscitation to prevent dilutional coagulopa-
thy, and this study is cited to justify a 1:1:1 ratio of packed cells
to thawed plasma and platelet units that is currently used in
many trauma centers.
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Table 7.6: Computer Simulation of Dilution Coagulopathy

Clotting Test Subhemostatic Threshold Onset Time
Blood Volume Loss
at Onset

Prothrombin time PT >1.5 times baseline 95 minutes 0.87 blood volumes

Fibrinogen (plasma) 0.8 g/L 119 minutes 1.14 blood volumes

Platelets 50 × 109/L 179 minutes 1.83 blood volumes

Note: Computer simulation of massive blood loss based on average parameters derived from a group of 44 patients with

penetrating trauma of chest or abdomen, as reported by Hirshberg et al. [12]. In the simulation, patients received only

crystalloid prior to arrival in the operating rooms, at which time packed red blood cells were given, without plasma or

platelets. Prolongation of the prothrombin time occurred in the simulation when 3.6 units of packed red blood cells had

been given in surgery. The assumptions of the model related to time intervals and ongoing infusion rates are complex,

and the original reference should be consulted (see Figures 7.4 and 7.5).

Other studies also support early use of fresh-thawed plasma
in the bleeding trauma patient. Hiippala and colleagues studied
patients having significant blood loss during elective surgery,
where fluid therapy was maintained with plasma poor red
blood cell concentrates and colloid that contained no clot-
ting factors [13]. By using regression curves, it was determined

Figure 7.3. Transport coolers pile up at the end of resuscitation until
they are returned to the blood bank with unused blood products. Some
unused product can be retained for transport with the patient to the
Intensive Care Unit for later use.

that fibrinogen and clotting factors dropped more rapidly
under these conditions than had previously been expected,
and Hiippala and colleagues suggested that during trauma
with widespread clotting activity being stimulated, these data
might support thawed plasma administration early in trans-
fusion protocols. Murray et al. studied blood loss replaced

Figure 7.4. Physiologic model of blood loss in the trauma patient. From
Hirshberg A, et al. Minimizing dilutional coagulopathy in exsanguinating
hemorrhage: A computer simulation. J Trauma. 2003;54:454–63. The
equations relating the components of the model, and the assumptions
involved in the simulation are included in the reference.
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Figure 7.5. Simulation of varying red blood cell/plasma ratios in massive
transfusion. From Hirshberg A, et al. Minimizing dilutional coagulopa-
thy in exsanguinating hemorrhage: A computer simulation. J Trauma
2003;54:454–63. The equations relating the components of the model
and the assumptions involved in the simulation are included in the ref-
erence. The model allows variation in the ratio of red cells to units of
thawed fresh-frozen plasma during the simulation to note effect on the
prothrombin time during massive transfusion in a trauma model. The
darkened area represents possible dilutional coagulopathy.

with red blood cell concentrates and lactated Ringer’s solu-
tion during scoliosis surgery [9]. They reported that 17 of
32 patients developed clinical coagulopathy (microvascular
bleeding) at an average of 1.14 ± 0.28 calculated blood vol-
umes. Of the patients with coagulopathy, 14 of 17 responded to
fresh-thawed plasma with cessation of visible ooze on the sur-
gical field. The implication was that with surgical procedures
where packed cells and lactated Ringer’s solution are the only
fluids used to replace ongoing blood loss, fresh-thawed plasma
may be indicated for prevention of coagulopathy as early as
blood loss equivalent to 0.8 blood volumes. These and other
studies support early use of fresh-thawed plasma for massive
transfusion in trauma [14].

Recently, several trauma centers have begun giving packed
red blood cells, thawed plasma, and platelets in a 1:1:1 ratio from
the very start of the resuscitation (note that each platelet pheresis
pack counts as 5 units of platelets, not 1unit, in this ratio). The
reasoning here is that it is better to prevent coagulopathy than to
chase it once it occurs [15]. And although this aggressive use of
blood products risks occasionally overtreating some patients,
it is suggested that the majority of patients will benefit from
better control of clotting, and the total blood product usage per
MTP may actually decrease over time with more generous clot-
ting factor treatment. Paradoxically, when the 1:1:1 ratio is used
for resuscitation of massive bleeds, it appears that the resulting
platelet count, hematocrit, and plasma clotting factor activities
will all approach subnormal levels below the accepted therapeu-
tic transfusion triggers [4]. Given current recommendations,
our ratio of plasma to red blood cells is less generous than
most, but outcome studies that validate higher plasma to red
blood cell ratios have not yet been reported, so we have main-
tained our current ratio of two fresh-thawed plasma units for

every five units of Adsol packed red blood cells, which appears
adequate to prevent and treat coagulopathy as long as other
clotting factors and platelets are also being given on schedule.
The early use of recombinant Factor VIIa and cryoprecipitate in
the Parkland MTP may be important in controlling microvas-
cular bleeding, which might be expected by using our ratios
under the Hirshberg analysis.

Prior to administration, units of packed cells and thawed
plasma are kept in their sealed coolers next to the anesthesia
machine (Figures 7.1–7.3). If the MTP is stopped (when control
of bleeding is achieved, an unsurvivable injury is diagnosed,
or the patient expires), blood products are shipped back to
the blood bank in the sealed coolers for recycling. It has been
the responsibility of the nursing service and transport orderlies
to return the blood products after the MTP. Care is taken to
ship blood products back in their sealed shipping containers,
as soon as they are no longer needed by the patient, and mixing
of blood products between transport containers is avoided to
prevent possible wastage of blood products due to inappropriate
storage.

Platelets are shipped in labeled unrefrigerated boxes at room
temperature. We have frequently had to remind nursing and
anesthesia personnel not to put platelets in the cooled contain-
ers if they have not been administered when the MTP is stopped.
Although this happened several times early in our experience
with the MTP, and several platelet pheresis units had to be
wasted because of storage in a transport cooler or in the oper-
ating room blood refrigerator, wastage has been minimal over
the past eighteen months. We have carefully isolated MTP blood
products from the regular blood supply, for this same reason,
to prevent inadvertent cooling of platelets prior to return to
the blood bank. Platelets are automatically included in even-
numbered shipments, which maintains a ratio of platelets to
red blood cells (RBCs) of 1:2 (again, counting a pheresis unit
as 5 platelet units). This appears adequate to maintain platelets
in the 80,000–120,000/mm3 range even through longer runs of
the protocol.

Cryoprecipitate is included in every third shipment, as
a pooled pack of ten donor units. Until recent years, few
MTPs contained cryoprecipitates, but evidence that fibrino-
gen declines rapidly during blood loss and repletion with Adsol
packed red blood cells has made arguments for its regular use
more persuasive [13]. Cryoprecipitate is rich in fibrinogen as
well as Factors VIII and XIII and the von Willebrand factor.
These factors are also present in fresh-thawed plasma, although
in lesser amounts, and may be adequately replaced by plasma
when it is given in the higher ratios to red blood cells now being
advocated. Cryoprecipitate is not available in Europe, where fi-
brinogen concentrates are available for specific therapy. It is
used for generalized microvascular bleeding that does not
respond to fresh-thawed plasma, especially when thrombocy-
topenia has also been ruled out as a cause. Cryoprecipitate is
shipped in a small cooler to the operating room, and it is type-
specific for the recipient. It has a four-hour expiration time, so
if it is not given to the patient, it is likely to be wasted, and cry-
oprecipitate accounts for a large portion of the blood product
wastage associated with the MTP.

Finally, the Parkland Hospital MTP included recombinant
Factor VIIa fairly early in the schedule. In diagnosed coagu-
lopathy, rFVIIa is indicated when generalized microvascular
bleeding is seen that is not controlled by fresh plasma, platelets,
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and cryoprecipitate. Often no clot may be seen on the surgical
field, with slow pooling of blood from pinpoint bleeding sites
throughout the wound. Factor VII is the most labile of the clot-
ting factors and declines more rapidly in activity in stored blood
and plasma than any of the other clotting factors. Recombinant
FVIIa combines with tissue factor at the site of injury to acti-
vate Factor X, which promotes conversion of prothrombin to
thrombin. Also rFVIIa activates Factor IX, which with Factor
VIIIa also activates Factor X to produce even more thrombin
[16]. This clotting activity is thought to happen only at sites of
tissue disruption, so it does not stimulate generalized throm-
botic activity, as might be seen with disseminated intravascular
coagulation [17]. This “thrombin burst” depends heavily on
adequate levels of fibrinogen being available, so it is advisable
to give it after administering fresh-thawed plasma or any avail-
able cryoprecipitate [18]. Acidosis and hypothermia are known
to inactivate rFVIIa, so its early use in trauma resuscitation,
before hypoperfusion and cold exposure have occurred, has
been suggested based on recent experience in battle casualties
[4]. Thus, to facilitate clotting and to hopefully slow coagulopa-
thy in its earliest phases, Factor VIIa is supplied with shipment
3, and its effect on generalized ooze on the surgical field can
be quite impressive. It is very expensive, however (more than
$4,000 per dose), and should only be solubilized and drawn up
in the operating room if it is certain to be given.

Guiding specific treatment of coagulopathy can be difficult,
because the bleeding patient is a continually changing dynamic
system, and point-of-care testing that is sensitive and accurate
enough to guide therapy is currently not available. Platelet func-
tion analyzers (PFAs) and thromboelastograms (TEGs) have
their advocates, but variability in paired runs and interuser vari-
ation in interpretation are mentioned as frequently encountered
limitations that may discourage their use. Blood gas analyses,
blood counts, quantitative platelet counts, and clotting func-
tions are useful, but lab delays of from twenty to sixty minutes in
most hospitals can make them more of a confirmatory mecha-
nism than a diagnostic and evaluative tool. In most trauma care
settings, clinical acumen, experience, careful observation, and
intuition are guiding therapy more than laboratory results.

During elective surgery, the clinical diagnosis of coagu-
lopathy, or specific laboratory results, are usually required
before treatment with plasma, platelets, cryoprecipitate, or
recombinant Factor VIIa is started. Some anesthesiologists may
be uncomfortable with administering clotting factors in the
trauma patient, without clear indications that they are needed,
when they are included in shipments on the MTP. The pur-
pose of early aggressive prophylaxis or treatment with clotting
factors in rapidly bleeding patients is based on the frequent
observation that trauma patients are already developing com-
pensated coagulopathy almost immediately after their injury,
and that controlling this process early may be of great clinical
benefit [11]. Once again, it is worth stressing that, although this
represents a fairly strong consensus among trauma specialists,
this practice has not been fully validated by outcome studies.

P R I O R I T Y T O C L O T T I N G FAC T O R S O V E R
R E D B L O O D C E L L S

Given a choice between red blood cells and clotting factors in
the trauma patient, it is important to realize that most of the
time after initial resuscitation, oxygen delivery is reasonably

well maintained, whereas coagulopathy may be ongoing but
subtle in its clinical manifestations. Recognizing this fact, many
trauma anesthesia specialists are advocating the immediate use
of any clotting factors received from the blood bank prior to
infusing red blood cells that may also be available [12]. The
potential benefit of controlling coagulopathy and associated
blood loss in the trauma patient is thought to outweigh the
benefit of increasing the hematocrit when oxygen transport
is already fairly adequate. This, of course, makes sense, but
again this recommendation has not been proved by any sort
of laboratory or clinical study. Strong consideration should be
given, however, in the stable resuscitated trauma patient, to
giving clotting factors (and platelets) first, and red blood cells
second.

C A L C I U M , W H E N A N D W H Y ?

Historically, anesthesiologists have been aware of the hypocal-
cemic effect of citrate anticoagulant in blood, and many have
their own formulas that have been handed down to them con-
cerning the amount of calcium to be given when units of blood
are given to patients. Hence, in the MTP situation, there may
be a tendency to give generous amounts of calcium empirically
due to the large amounts of packed red blood cells that may
be used. This unfortunately is illogical and dangerous, for the
following reasons.

When whole blood was commonly given, citrate in the
plasma accompanied the red blood cells into the patient, and
the more rapidly the blood was given, the more likely the patient
was to get hypotensive from calcium binding to excess citrate.
Any patient receiving whole blood at a rate faster than 100
mL/min was likely to become hypocalcemic and hypotensive,
and anticipating this and treating rapid whole blood infusion
with intravenous calcium chloride was a common practice.
When red blood cells are packed, the plasma, along with the
citrate, is drawn off and frozen. Today, with Adsol-1 and Adsol-
5 packed red blood cells, the units are superpacked with even
more plasma drawn off, before the additive solution dilutes the
hematocrit down to approximately 55 percent. There is no ci-
trate anticoagulant in the additive solution used for AS-1 and
AS-5 cells, so, therefore, there is little citrate left in the Adsol
packed cells given currently, and most of the citrate is drawn
off with the plasma. Therefore it is logical to expect that units
of packed cells can be given rapidly without any fear of cit-
rate toxicity and hypotension, and this is true. Conversely, one
should expect to see possible hypotension when units of fresh-
thawed plasma are infused rapidly, and this happens quite reg-
ularly when several units of plasma are given in rapid succes-
sion. Treatment at that time can consist of 500 mg of calcium
chloride, hopefully given slowly through a central line to avoid
inadvertent intravenous infiltration.

S U C C E S S E S

From the first trauma episodes managed with the MTP, it was
clear that some benefit was being provided by the prompt arrival
of blood products on a regular basis. Resuscitation could pro-
ceed steadily, and the variety of blood products supplied under
the protocol seemed to serve a purpose over and above pure vol-
ume supplementation. A clear shift away from pure red blood
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cell resuscitation was noted, with more clotting support pro-
vided from an early point in each trauma episode. There seemed
to be better control of coagulopathy earlier in cases where clot-
ting problems were suspected clinically. Clear evaluation of con-
trol of coagulopathy was not entirely satisfactory, due to lack
of “point of care” testing, which was not used routinely in our
operating room. Lab results were often not obtained for coagu-
lation studies until long after we had left the operating room to
deliver the patient to the intensive care unit. Laboratory con-
firmation of diagnoses related to coagulation and results of
ongoing therapy was usually delayed and often more confusing
than helpful.

In general, however, personnel on the anesthesia service
were pleased with the convenience provided by the MTP, and
the results of therapy for diffuse bleeding were sometimes quite
impressive. Even if the protocol did put clinical decision-making
on autopilot at times, the faculty, residents, and nurse anes-
thetists all seemed to think that the MTP was a great help in
trauma care. And there seemed to be a consensus that the MTP
would one day prove to be of definite benefit to the trauma
patients themselves, rather than just being a convenience for
the physicians and nurses providing the care.

P R O B L E M S

Any system this complicated will inevitably have some logistic
problems develop. Some were simple to correct. Delayed deliv-
ery of blood products was corrected by devoting one orderly
to the MTP throughout its course and requiring him to wait
for orders to be prepared at the blood bank and to bring them
immediately to surgery. Blood product wastage was corrected
by having the products collected immediately after cessation of
each MTP and by immediately delivering remaining units back
to the blood bank. All units were kept in the container they were
transported in until prepared for administration at the bedside
or operating table.

Help in investigating blood wastage associated with MTP
was obtained from Process Improvement, and we went through
several root-cause analysis exercises to track down the process
defects that needed correcting. The problems were solved and
corrected, and blood product wastage has been reduced to a
minimum during the past 18 months of experience with the
MTP. Process Improvement monitoring has been helpful in
establishing performance levels under the protocol, and we have
organized a system whereby all responsible parties can be gath-
ered for discussion in the days after episodes where there have
been significant problems with provision of adequate blood
products in a timely fashion, or where aspects of the protocol
have not been as efficient as they could be. In the past 18 months
of the protocol, such rapidly called meetings have been neces-
sary only once, and the MTP seems to be running smoothly in
most, if not all, of the episodes where it is needed.

Availability of the protocol to various patient care units
became a controversial issue, which eventually was not very
difficult to resolve. On several occasions, anesthesia personnel
familiar with the MTP from working on trauma cases attempted
to start MTP in the obstetric suite, which is on a separate floor of
the hospital away from the trauma care areas. Obstetric nursing
personnel were not familiar with the protocol, and the process
did not go smoothly, primarily because of transport issues. A
second case was attempted in obstetrics, again without much

improvement. There was substantial wastage of blood products
that either were not used, not stored properly, or not promptly
returned to the blood bank after the patient stabilized.

MTP had not been offered officially to the obstetric unit,
but faculty members there felt entitled to it, so they objected
when it was to be restricted to the operating rooms primarily
and to trauma care areas on an as-needed basis. When it became
clear that considerable in-service education would be required
to get the nursing personnel to adequately support MTP, and
it was pointed out to the obstetricians that they would only
have one or two patients a year requiring the MTP, the effort
of in-servicing over a hundred obstetric nurses on the MTP
dissuaded the nursing administration from proceeding. The
Transfusion Medicine service assured them that they could get
whatever blood products they might need for rapidly bleeding
patients, they just had to pick and choose what they thought they
needed, and communicate that to the blood bank. This seemed
to mollify the obstetricians, and everyone was in agreement.

A similar situation occurred in the emergency department,
and similar factors came into play. The chair of emergency
medicine was persuaded that, although many patients in the
emergency room may need a large volume transfusion, their
needs may be quite divergent, as they often include medicine
patients, not just trauma patients. The in-service requirement
was also involved, because again over a hundred nurses would
need training. Last, the argument that any emergency patient
needing MTP needed to be upstairs on the operating table, and
not in the emergency room, was persuasive.

So ultimately MTP is used only in the operating rooms,
almost entirely on trauma patients. MTP occasionally follows
patients to angiography from the operating room, and into
the surgical intensive care unit if they are still bleeding follow-
ing suboptimal hemostasis in surgery. The critical care nurses
who use the MTP after surgery had their in-service education
over two hours and have functioned brilliantly finishing several
MTPs after trauma surgery. Our experience has shown that
once an MTP program is started, its role needs to be defined in
that specific hospital, and orientation to the MTP and educa-
tion in the process that is established, especially among nursing
personnel, is essential for its success.

One great benefit of the MTP, since it was introduced, has
been a generally increased knowledge of coagulation and its
management among anesthesiologists, surgeons, and nursing
personnel. In the past six months, an unexpected phenomenon
has emerged that I would expect has been seen in other insti-
tutions as well. Some anesthesiology faculty have attempted
on several occasions to “game the system” by accumulating
large amounts of blood products from several shipments to use
amounts of specific blood products in excess of the standard
deliveries under the MTP. In one instance, one attending was
convinced that a patient needed extra thawed plasma, so he
picked the plasma from three shipments he collected in rapid
order, leaving the red blood cells in the coolers. Luckily, he also
used the cryoprecipitate so it was not wasted. The blood bank
was surprised when twelve units of packed cells were returned
after the MTP was stopped, with all the plasma, cryoprecipitate,
platelets, and Factor VIIa gone.

The greatest risk of diverging from MTP is possible hoard-
ing of blood products, stopping the MTP by keeping all the
coolers in surgery, and the increased chance of blood product
wastage that might result. It is encouraging that the anesthesi-
ology faculty are getting proficient at managing coagulopathy
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because of the MTP, but diverging from the protocol can have
less than ideal consequences as noted above.

O U T C O M E S

There is great potential for useful research, but it is not clear
where to go to learn more about what we are doing with the
MTP. We are impressed that several large-volume resuscitations
have left the operating rooms with essentially normal coagula-
tion tests after thirty to fifty units of blood products under the
MTP. Survival data are not impressive, with mortality under
the MTP remaining the same for the first two years as it was
in a one-year control period prior to implementation, slightly
less than 50 percent. All patients in this three-year compari-
son were rapidly bleeding patients who required more than ten
units of packed red blood cells during fluid resuscitation and
stabilization. The Transfusion Service is currently organizing
the data on these patients to see if bleeding is being controlled
more rapidly on the MTP, using the units of packed red blood
cells as a marker for the total amount of blood products being
given each patient. Preliminary results show that red blood cell
resuscitation is reduced by roughly 25 percent with the MTP,
with similar reductions in the use of thawed plasma, platelets,
and cryoprecipitate, confirming our impression that control
of bleeding and adequate fluid resuscitation are being accom-
plished earlier in the MTP patients. This apparent benefit of
MTP may also be due to early use of rFVIIa, which became
more frequent during the implementation period, although
distinguishing the relative contributions of any of the com-
ponents of MTP would be impractical. This preliminary data
looks reliable, but further outcome analysis is being performed
to clarify the clinical and statistical significance of the numbers
derived. (My thanks to Majed A. Refaai, MD, Transfusion Ser-
vices Fellow, and Ravindra Sarode, MD, Director of Transfusion
Services, for their review of the initial two-year experience with
the Massive Transfusion Protocol. Retrieving data on individual
patients required considerable work on the part of Dr. Refaai,
and the final analysis of results will be published in detail in the
near future.)

Given the heterogeneity of the population, reliable outcome
data on this issue may not be obtained until larger numbers of
patients have been treated under the protocol. We are attempt-
ing to control the MTP so it is strictly followed when it is used, in
order to protect the validity of any data that will emerge from
a larger series. It may be productive to analyze outcomes in
subsets of patients with high or low total resuscitation volumes,
and it may also be useful to exclude patients where resuscitation
was stopped early (nonsurvivable lesions, early patient demise).
Larger numbers of patients will need to be accumulated to per-
mit subgroups of patients to be analyzed.

As we compare our MTP with those in other trauma centers,
it will be interesting to monitor the recent trend to increase the
use of plasma, platelets, and recombinant Factor VIIa during
the earliest part of trauma resuscitation, and to see whether
the expense of this will be justified by improved outcomes.
Reducing the resuscitation volume that provides hemodynamic
stability and adequate coagulation, as our preliminary MTP
outcomes indicate, may have significant clinical and economic
consequences and may justify increased utilization of massive
transfusion protocols in major trauma centers.

S U M M A RY

After two years of experience with an MTP designed for and
implemented in a large urban trauma center, we have a smoothly
running protocol that seems to please all personnel who use it
for treatment of rapid exsanguination. Patient survival is not
improved in an initial survey, but the use of clotting factors
is increasing in the heavily bleeding trauma patients we are
studying, and the amount of blood products needed for volume
resuscitation in a large group of patients appears to be decreas-
ing since the protocol was implemented. It is hoped that further
experience with the MTP in its current form will confirm the
findings shown during our initial two-year trial.

Finally, it is only possible to report on our use of the MTP
at Parkland Memorial Hospital because of the team effort of all
the involved services that are essential to its smooth operation.
All services listed in Table 7.3 shared in the work and deserve to
share in the credit for developing, implementing, and utilizing
the MTP. It has produced another level of cooperation and
coordination between these services and helped reinforce the
concept of the “Trauma Team” to which the ultimate credit for
any improvements in care will be given.

M U LT I P L E C H O I C E Q U E S T I O N S

1. The goal of massive transfusion protocols is to:

a. Restore and stabilize the blood volume.
b. Support oxygen delivery to the tissues.
c. Prevent or treat coagulopathy associated with hypoper-

fusion.
d. Facilitate rapid delivery of blood products during volume

resuscitation in trauma patients.
e. All the above.

2. Outcome data regarding care for trauma patients is less
reliable as a result of all the following factors except:

a. Variation in type and extent of injury
b. The presence or absence of injury to the brain or

neuraxis
c. Sampling large unselected groups of trauma patients
d. Wide dispersion of trauma scores
e. Wide variations in prehospital treatment

3. The most common indication in an individual patient for
starting the MTP is:

a. Reports of heavy blood loss at the scene of the accident
b. Sustained hypotension and tachycardia despite fluid

infusion
c. A prothrombin time greater than 16 seconds
d. A platelet count less than 100,000/mm3

e. A �base worse than −6 on an arterial blood gas

4. Mock MTP drills are most essential for:

a. Blood bank/transfusion medicine
b. Operating room nursing
c. Anesthesiology



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-07 CUFX276-Smith-v2 May 12, 2008 17:20

M A S S I V E T R A N S F U S I O N P R O T O C O L S I N T R A U M A C A R E ■ 1 3 1

d. Transport services
e. Process improvement

5. Hypotension during rapid infusion is most likely during
administration of:

a. Adsol packed red blood cells
b. Fresh-thawed plasma
c. Platelets
d. Cryoprecipitate
e. Recombinant Factor VIIa

6. Bacterial sepsis is most common after administration of:

a. Adsol packed red cells
b. Fresh-thawed plasma
c. Platelets
d. Cryoprecipitate
e. Recombinant Factor VIIa

7. The risk of viral infection following transfusion is the high-
est with:

a. Hepatitis A
b. Hepatitis B
c. Hepatitis C
d. HIV

8. Coagulopathy, in the broad sense of the word, can be caused
by:

a. Hypothermia
b. Hypoperfusion
c. Acidosis
d. Qualitative and quantitative platelet deficiencies
e. All the above

9. Blood loss replaced only with packed cells and lactated
Ringer’s solution will be associated with coagulopathy in
more than 50 percent of healthy back-surgery patients, with
average onset (in terms of blood loss) near:

a. 0.5 blood volume
b. 0.75 blood volume
c. 1 blood volume
d. 1.5 blood volumes
e. 2 blood volumes

10. This coagulopathy (see question 9) where blood loss is
replaced by packed cells and LR, can be successfully treated
80 percent of the time with:

a. Platelets
b. Fresh-thawed plasma
c. Additional packed red blood cells
d. Cryoprecipitate
e. Recombinant Factor VIIa

11. Which is NOT refrigerated as supplied during the MTP?

a. Platelets
b. AS-1 packed red blood cells

c. AS-5 packed red blood cells
d. Fresh-thawed plasma
e. All the above

12. Which produces a “thrombin burst?”

a. Platelets
b. Fresh-thawed plasma
c. Cryoprecipitate
d. Recombinant Factor VIIa

A N S W E R S A N D C O M M E N T S

1. e. All the answers are true.
2. c. Due to the wide variation in clinical presentation among

trauma patients, the most valid outcome data for trauma,
in general, will be derived from very large unselected sam-
ples from the trauma population. Factors that must be
circumvented by large sample size would include options
a, b, d, and e offered in the question.

3. b. Physiologic instability despite volume infusion is the
most common cause for starting a massive transfusion
protocol, and most patients meeting this description can
be anticipated to have blood loss exceeding the equivalent
of ten units of packed red blood cells. Reports of blood loss
at the scene of an accident are known to be prone to exag-
geration. And options c, d, and e are all known indicators
of hypovolemic shock and hypoperfusion, with possible
coagulopathy, but they require laboratory determinations,
which are often too slow to return, while hypotension and
tachycardia have indicated that surgery may be indicated
emergently.

4. a. Blood bank/transfusion medicine. Mock MTPs would
be most needed where the process is most complex and
detailed, which is the blood bank.

5. b. Large volumes of fresh-thawed plasma contain substan-
tial amounts of citrate ion, which can chelate calcium and
cause hypotension. Adsol packed red blood cells have only
minor amounts of plasma in them, and as long as they are
compatible, they seldom cause hypotension during infu-
sion. Platelets can cause histamine release on occasion, but
the effect on blood pressure is usually limited. Cryoprecipi-
tate and Factor VIIa given slowly do not cause hypotension
as predictably as fresh-thawed plasma.

6. c. Platelets are stored at room temperature, on an agita-
tor, and become outdated at five days after they are drawn
from donors. Being stored warm, they are more likely to
become contaminated with bacteria and cause sepsis after
infusion. One of the leading causes of death from trans-
fusion of blood products is bacterial sepsis after platelet
therapy, the other being, transfusion-related acute lung
injury (TRALI), which resembles acute respiratory distress
syndrome (ARDS).

7. b. Hepatitis A is seldom transmitted by blood transfusion,
only on the rare occasion that a donor is viremic when
the blood is drawn. Hepatitis C and HIV have specific
amino acid assays that detect viral antigen within a few days
after infection and have effectively lowered the incidence
of posttransfusion infection with these two agents to one
in two million units of blood products. The amino acid
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assay for Hepatitis B is still being developed, and until
it is marketed, blood donated by a Hepatitis B-infected
donor will enter the blood supply if it is donated prior to
the development of the HVB antibody, which takes several
months. Thus, the incidence of Hepatitis B infection after
transfusion may be as high as one in every 200,000 units
of blood products.

8. e. All the options are well known causes of coagulopathy
in the broad sense.

9. c. Under these circumstances, coagulopathy occurred, on
the average, at about 1.1 blood volumes, or the equivalent
of eleven units of packed red blood cells, in this often-
quoted study by Murray and colleagues [9] at the Univer-
sity of Iowa.

10. b. In the treatment arm of Murray and colleagues’ [9] study,
the treatment of coagulopathic patients with fresh-thawed
plasma was successful 80 percent of the time.

11. a. Refrigerated platelets lose all clotting capacity, so
platelets are never refrigerated.

12. d. Recombinant Factor VIIa works at the junction of
both parts of the coagulation cascade, where the tradi-
tional intrinsic and extrinsic pathways join. The resultant
“thrombin burst” promotes clotting, provided sufficient
fibrinogen and other factors are available to promote the
reaction.
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B L O O D L O S S : D O E S I T C H A N G E M Y

I N T R AV E N O U S A N E S T H E T I C ?

Ken Johnson and Talmage D. Egan

Objectives
1. Review emerging data on the influence of blood loss and resuscitation on the behavior of

commonly used intravenous sedative hypnotics and opioids.
2. Discuss the rational selection and dosing of sedative hypnotics and opioids in settings of intra-

vascular volume depletion.

S U M M A RY

Anesthesiologists have long recognized the need to moderate
doses of intravenous anesthetics in settings of significant blood
loss. The scientific rationale for this practice, however, has not
been well established. This chapter reviews recent investiga-
tions that have quantified how blood loss influences intravenous
anesthetic behavior and synthesizes these findings into a set of
clinical “take-home messages” targeted at improving patient
safety.

I N F LU E N C E O F B L O O D L O S S O N
I N T R AV E N O U S A N E S T H E T I C S

Dr. Halford, a surgeon, wrote a letter to the editor of Anesthesi-
ology after caring for several trauma victims after the attack on
Pearl Harbor in 1941. He noticed that anesthetists had started
using the intravenous (IV) anesthetic sodium pentothal. His
comments were:

Then let it be said that intravenous anesthesia is also
an ideal form of euthanasia . . . With this heteroge-
neous mass of emergency anesthetists, it is necessary to
choose an anesthetic involving the WIDEST MARGIN
OF SAFETY for the patient . . . Stick with ETHER [1].

Anesthesiologists have recognized the need to incrementally
dose these anesthetics, and to moderate the overall dose for
patients who have significant blood loss before or during
surgery. Through experience, they have learned that a full dose
of certain IV anesthetics can lead to pronounced and often

unwanted side effects with potentially disastrous consequences.
In the recent past, several researchers attempted to quantify
how the extent of blood loss influences IV anesthetic behav-
ior. The purpose of this chapter is to synthesize their findings
into a set of clinical “take-home messages” targeted at improv-
ing patient safety. This chapter will (1) review what is known
about the impact of blood loss and resuscitation on the phar-
macologic behavior of commonly used sedative hypnotics and
opioids and (2) discuss rational selection and dosing of these
anesthetics when used for induction and/or maintenance of
anesthesia.

Drug developers and clinical pharmacologists have used
several tools to predict how drugs will behave. Two frequently
used tools are mathematical descriptions of drug pharmacoki-
netics (PKs) and pharmacodynamics (PDs).

Pharmacokinetics

Prior work has investigated how blood loss influences the
behavior of opioids, [2–4] sedative hypnotics, [5–12] ben-
zodiazepines, [11, 13] and local anesthetics [14]. The most
important finding consistent throughout this body of work
is that equivalent dosing leads to higher drug concentrations
with severe blood loss when compared with unbled controls. A
decrease in blood volume and cardiac output along with com-
pensatory changes in regional blood flow are the likely physio-
logic mechanisms explaining these PK changes.

As an example, consider prior work exploring the impact of
moderate hemorrhage on the PK profile of propofol [9]. In this
study, a series of pilot studies in swine determined (1) the extent
of blood loss (milliliters per kilogram) required to reach and
maintain a selected target mean arterial blood pressure (MAP)

1 3 3
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and (2) the propofol infusion rate (in micrograms per kilogram
per minute) that would achieve near-maximal drug effect [i.e.,
bispectral index scale (BIS) near 0] but allow animal subjects
to survive the study period.

Based on prior work with remifentanil, a hemorrhage pro-
tocol removed a large volume of blood (48 mL/kg) to maintain
a MAP of 40 mmHg. Subsequently, a large dose of remifentanil
10 μg · kg · min−1 was administered for ten minutes. This dose
is approximately 50- to 100-fold more than a typical dose of 0.1
to 0.2 μg · kg−1 · min−1. Of note, ALL animals survived severe
hemorrhage followed by a high dose remifentanil infusion [4].

In unbled animals, a propofol infusion of 750 μg · kg−1 ·
min−1 for ten minutes was required to reach maximal effect
(i.e., BIS near 0). With hemorrhage, a propofol dose of 750
μg · kg−1 · min−1 for ten minutes was lethal. So were doses of
500, 250, and 125 μg · kg−1 · min−1. What quickly became clear
was that the cardiovascular depressant properties of propo-
fol were dangerous with severe blood loss in comparison to
remifentanil.

Unlike remifentanil, doses required to achieve maximal
effect under normal unbled conditions would in no way be tol-
erated after a 50 percent loss in blood volume. Important take-
home messages from these pilot studies are: (1) In comparison
with opioids, selected sedative hypnotics known to have cardio-
vascular depressant properties, such as propofol and sodium
pentothal, are poorly tolerated following blood loss. (2) Con-
ventional doses in this setting can lead to cardiovascular col-
lapse and death. If these drugs are to be used, doses should
be markedly reduced to achieve desired clinical endpoints in
sedation and hypnosis.

Following the pilot studies, a comparison of plasma propo-
fol concentrations between an unbled control group and a hem-
orrhagic shock group were made. Bled animals (30 mL/kg)
developed a hemodynamic and metabolic profile consistent
with hemorrhage shock (i.e., tachycardia, low central venous
pressure, low cardiac index, and lactic acidemia). The cardiac
index was 5.0 and 2.6 L · min−1 · m−2 for the control and shock
groups, respectively. Following hemorrhage, each animal sub-
ject received a ten-minute propofol infusion. Plasma propo-
fol levels during and 3 hours following a brief ten-minute
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Figure 8.1. Mean propofol plasma concentration versus time data. The
filled circles represent the mean plasma level for control animals and the
open circles represent the mean plasma level for shocked animals. The y
axis is on a log scale [9].

Table 8.1: Summary of Propofol Pharmacokinetic Parameter
Estimates by Group

Parameter Control Group Shock Group

Volumes (L)
Central compartment (V1) 4.7 3.5
Rapidly equilibrating peripheral

compartment (V2)
16.7 7.4

Slowly equilibrating peripheral
compartment (V3)

232 165

Clearance (L/min)
Elimination clearance (Cl1) 1.6 0.8
Fast distribution clearance (Cl2) 4.6 1.0
Slow distribution clearance (Cl3) 1.9 0.9

infusion were approximately 2-fold higher in the shock group
Figure 8.1).

As part of the PK analysis, the propofol plasma concentra-
tion over time as described using a three-compartment model.
A comparison between groups revealed that compartmental
clearances were decreased and compartment volumes were
smaller in the shock group (Table 8.1).

Although these compartment volumes and clearances do
not reflect TRUE organ drug distribution and clearance, these
analyses indicate that during severe blood loss, blood flow to
peripheral tissues is markedly decreased. Hence, anesthetics
delivered intravenously are pumped straight to the brain in
higher concentrations with a more pronounced anesthetic effect
[15].

In terms of PD, the Bispectral Index Scale (BIS) was used as
a surrogate measure of effect. The propofol infusion produced
a large decrease in the BIS that returned to baseline within 30
minutes of the infusion, but had minimal effect on the BIS in the
control group. To achieve a similar change in the BIS in unbled
animals, the dose had to be increased to 500 μg · kg−1 · min−1.
The magnitude of the propofol-induced decrease in BIS was
similar between the control (500 μg · kg−1 · min−1) and shock
(200 μg · kg−1 · min−1) groups (Figure 8.2).

Changes in the BIS lagged behind the changes in propofol
concentrations. Using additional PK modeling, an estimate of
the lag time and effect site concentrations were made for each
group.

Pharmacodynamics

PDs is a description of what the drug does to the body. PDs are
pictorially represented by how a measure of drug effect (i.e. the
BIS) changes with effect site concentrations. These curves are
sigmoid in nature. Terms used to describe the sigmoid curve
include the C50 (the effect site concentration that produces 50%
of the maximal effect), gamma (a measure of curve steepness),
and Emax (a measure of the maximal effect). Changes in drug
potency can be illustrated with this relationship. For example,
an increase in end-organ sensitivity would result in a leftward
shift in the sigmoid curve.

Comparison of PD parameters between the shock and con-
trol groups for propofol revealed that the C50 was 2.7-fold less
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Figure 8.2. Mean BIS changes versus time during and following a propo-
fol infusion for shock and control animals. The bled animals received 200
μg · kg−1 · min−1 and the unbled animals received 500 μg · kg−1 · min−1.
The filled circles represent the mean bispectral index scale (BIS measure-
ments for the control animals, and the open circles represent the mean
BIS measurements for the shocked animals [9].

in the shock group (4.6 μg/mL vs 1.7 μg/mL for the control and
shock groups, respectively). The concentration-effect relation-
ships for each group are presented in Figure 8.3. The most inter-
esting finding is that hemorrhagic shock increased the potency
of propofol in swine. This has also been reported in a rat hem-
orrhage model [6].

The mechanism of how hemorrhagic shock increases the
potency of propofol is not clear. A potential mechanism may
be a rise in circulating endorphins that act in a synergistic fash-
ion with propofol. Propofol’s potency is well known to increase
in the presence of opioids [16, 17]. With this synergistic rela-
tionship in mind, it is interesting to point out that blood loss
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Figure 8.3. The concentration-effect relationship as characterized by the
PD model. The solid line represents the mean change in Bispectral Index
Scale (BIS) over a range of propofol effect site concentrations for unbled
controls. The dotted lines represent the mean change in the BIS over a
range of propofol effect site concentrations for bled animals. The gray
arrow illustrates the shift in the C50 between groups [9].

leads to a rise in circulating beta endorphins [18–20]. During
blood loss, high levels of beta endorphins may act synergistically
with propofol to increase its potency. Recent work by De Paepe
et al., [6] however, has revealed that endorphin antagonism with
naloxone does not influence end-organ sensitivity to propofol
during hemorrhagic shock in the rat.

Other potential sources of increased end-organ sensitivity
to propofol include (1) an alteration in the end-organ response
to propofol as a consequence of the lactic acidemia, hyper-
kalemia, tissue hypoxia, or other metabolic disturbances asso-
ciated with severe hemorrhagic shock, and (2) an undetected
increase in the fraction of unbound propofol as a consequence
of decreased lipophilic binding sites within whole blood [21].

Clinical Implications of Changes in PKs and PDs

One of the more dangerous uses of IV anesthetics is during the
induction of anesthesia. Here, bolus doses are used to rapidly
render a patient analgesic or unconscious. After a bolus of
propofol, the concentration almost instantaneously rises and
then slowly decays away. As discussed, changes in the effect site
concentration lag behind changes in plasma concentration. This
lag time represents the time required for a drug to diffuse from
the plasma to the site of action and to exert its pharmacologic
effect.

Prior work has explored the propofol effect site concentra-
tion thresholds associated with important clinical endpoints,
such as loss of responsiveness to various stimuli (i.e., verbal
or noxious). By using these thresholds, plots of the effect site
concentration over time that result from commonly used dos-
ing regimens allow us to visualize key critical clinical points of
interest, such as the time to onset of effect and the duration of
effect.

From Figure 8.4, the time to loss of response to verbal
prompting occurs in approximately one minute followed by
the loss of response to a noxious stimulus in 90 seconds. The
duration of effect for loss of response to verbal stimuli and nox-
ious stimuli are 5.2 and 2.7 minutes, respectively. These times
are for a propofol bolus only and perhaps do not reflect the rou-
tine practice of using an opioid and a sedative hypnotic during
the induction of anesthesia.

Figure 8.5 represents a simulation of the propofol effect
site concentration following a propofol bolus dose in a patient
with an estimated blood loss of 35 percent of his/her blood
volume. This simulation illustrates how PK and PD changes
influence the duration of effect. This simulation accounts for
the PK changes as manifest by a roughly 2.5-fold increase in the
peak plasma propofol concentration and also the PD changes as
manifest by a 2.7-fold decrease in the effect site concentration
required for loss of response to verbal and noxious stimuli. The
onset of effect is accelerated by approximately 60 to 90 seconds,
and the duration of effect for both stimuli is more than doubled
(from 5.7 to 28.5 minutes for verbal stimuli and from 2.7 to 17.8
minutes for noxious stimuli).

Perhaps the most important consequence of blood loss on
propofol behavior is the exaggerated hemodynamic response
following a bolus dose. Propofol is a peripheral vasodilator and
suppresses contractility [23–26]. As observed in the simula-
tions, a propofol bolus dose yields higher effect site concen-
trations that remain elevated for a prolonged period amplify-
ing propofol’s cardiovascular suppression. This phenomenon is
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Figure 8.4. Simulation of a bolus dose of propofol 2 mg/kg. The solid gray line represents the plasma concentra-
tion. The dashed black line represents the effect site concentration. The solid black line represents the propofol
effect site concentration (4.1 μg/mL) required at which there is a loss of response to noxious stimuli, and the
dotted black line represents the propofol effect site concentration (2.9 μg/mL) at which there is a loss of response
to verbal stimuli [22].

most likely why Dr. Halford [1] was so adamant about the dan-
gers of IV anesthetic induction agents in victims of trauma at
Pearl Harbor. With large blood loss, propofol should be used,
if at all, with extreme caution! From these simulations, if we
were to work backward and determine the appropriate dose for
a person suffering from severe blood loss that would be equiv-
alent to a person with normal cardiovascular physiology, the
dose of propofol would be reduced 5-fold (e.g., 0.4 mg/kg).
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Figure 8.5. Combined PK and PD simulation of a propofol bolus dose
2 mg/kg following severe blood loss. The dashed black line represents
the effect site concentration. The solid black line represents the propofol
effect site concentration (1.5 μg/mL) required at which there is a loss
of response to noxious stimuli, and the dotted black line represents the
propofol effect site concentration (1.1 μg/mL) at which there is a loss of
response to verbal stimuli.

Resuscitation
What about resuscitation? Does volume resuscitation

restore drug disposition and effect to baseline? Although inter-
esting, the impact of severe blood loss on propofol behavior
does not reflect the clinical practice of providing some degree of
resuscitation prior to the administration of an anesthetic. Based
on the premise that resuscitation will restore cardiac output and
systemic blood flow, the shock-induced PK and PD changes may
be reversed.

In a similar set of experiments, a comparison was made
between unbled controls and bled and then resuscitated swine
[8]. A comparison of propofol PKs and PDs between groups
was made. Blood loss was severe (42 mL/kg). Following hem-
orrhage, 59 mL/kg of Lactated Ringers’ solution were infused
over an hour to keep the MAP at 70 mmHg. The plot in Fig-
ure 8.6 illustrates the time course of a ten-minute high dose
(750 μg · kg−1 · min−1) propofol infusion. The propofol plasma
concentrations were nearly identical. Resuscitation restored the
shock-induced changes in propofol PKs to near-baseline values.
Distribution volumes and compartment clearances were nearly
identical between groups.

With regard to PDs, the shock-induced increase in end-
organ sensitivity to propofol after blood loss was reduced but
still persisted with resuscitation. The C50 was decreased 2.7-
fold following hemorrhage and decreased 1.5-fold following
hemorrhage and resuscitation (Figure 8.7). Although the mech-
anism for this phenomenon is not well understood, increased
end-organ sensitivity associated with severe blood loss persisted
after resuscitation despite near normalization of the pharma-
cokinetics.

In this study, the hemorrhage protocol produced an esti-
mated 60 percent decrease in blood volume. The resuscita-
tion protocol replaced approximately 140 percent of the shed
blood volume with lactated Ringer’s solution to maintain a
near-normotensive MAP. The near-normal blood pressure was
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Figure 8.6. Mean propofol plasma concentration versus time data during and following a ten-minute infusion
of propofol (750 μg · kg−1 · min−1). The filled circles represent the mean plasma level for control animals and
the open circles represent the mean plasma level for shocked resuscitated animals. The y axis is on a log scale.
Error bars represent the standard error of the mean. Individual propofol plasma concentration versus time data
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Figure 8.7. The concentration-effect relationship. The solid line repre-
sents the mean change in BIS over a range of propofol effect site con-
centrations for unbled controls. The dotted lines represent the mean
change in the BIS over a range of propofol effect site concentrations for
bled-resuscitated animals. The gray arrow illustrates the shift in the C50

between groups (from 5 μg/mL to 3.4 μg/mL for the control and shock
resuscitation groups, respectively) [8].

deceiving. The resuscitative effort was incomplete. Although the
hemodynamic function appeared near normal, as manifest by
a return of central venous pressure and cardiac index to base-
line levels, the cardiovascular response to propofol remained
exaggerated. During the propofol infusion, the cardiac index
dropped 1.7 L · min−1 · m−2 in the shock-resuscitation group
but only dropped 0.2 L · min−1 · m−2 in the control group. The
large hemodynamic changes in the shock-resuscitation group
illustrate how propofol can lead to large cardiovascular changes
despite a near-normal hemodynamic profile following partial
resuscitation.

Figure 8.8 represents a simulation of the propofol effect site
concentration following a propofol bolus dose in a patient suf-
fering from severe blood loss followed by partial resuscitation
with crystalloid (1.5 mL of crystalloid per mL of estimated blood
loss). This simulation accounts for the PD changes as manifest
by a 1.5-fold decrease in the effect site concentration required
for loss of response to verbal and noxious stimuli. The onset
of effect is accelerated by approximately 30 to 60 seconds, and
the duration of effect for both stimuli are more than doubled
(from 5.7 to 8.2 minutes for verbal stimuli and from 2.7 to 6.5
minutes for noxious stimuli).

Three take-home messages are evident here. With par-
tial crystalloid resuscitation, (1) the exaggerated hemody-
namic response to propofol is diminished but persists and may
produce potentially dangerous cardiovascular depression, (2)
shock-induced changes in propofol PKs previously observed
after hemorrhagic shock are restored to near baseline, and (3)
shock-induced changes in PD are diminished yet persist to a
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Table 8.2: Clinical Implications of Blood Loss and Resuscitation on a 2 mg/kg Bolus of Propofol:
A Summary of Simulations Exploring How Pharmacokinetic and Pharmacodynamic Changes
Influence the Pharmacologic Behavior of Propofol

Normal
Euvolemia
Normotensive

Blood Loss
Hypovolemia
Hypotensive

Resuscitation following
Blood Loss
Mild Hypovolemia
Normotensive

Propofol Ce for LOR to verbal stimuli 2.9 μg/mL 1.1 μg/mL 1.9 μg/mL

Time to LOR to verbal stimuli 1.0 min <0.7 min 0.7 min

Duration of LOR to verbal stimuli 5.2 min 28.5 min 7.5 min

Propofol Ce for LOR to noxious stimuli 4.1 μg/mL 1.5 μg/mL 2.7 μg/mL

Time to LOR to noxious stimuli 1.5 min <0.7 min 1.0 min

Duration of LOR to noxious stimuli 2.7 min 17.8 min 5.5 min

LOR, loss of responsiveness; Ce, effect site concentration.

Simulations were performed using drug infusion simulation software (STANPUMP, Stanford University, Palo Alto, CA).

Pharmacokinetic and pharmacodynamic parameters were adapted for simulation from Johnson et al. [8, 9]. Thresholds

for LOR to verbal and noxious stimuli were adapted from work by Struys et al. [22].

degree that conventional dosing can lead to a more pronounced
drug effect. A summary of the propofol bolus simulation (nor-
mal conditions, blood loss, and resuscitation following resus-
citation) is presented in Table 8.2.

Opioids in Hemorrhagic Shock

Similar to propofol, opioids have an altered pharmacologic pro-
file following severe blood loss. In experiments similar to those
described for propofol, brief high-dose infusions led to plasma
concentrations of opioids that were up to 2-fold higher in bled
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Figure 8.8. Combined PK and PD simulation of a propofol bolus dose
2 mg/kg after severe blood loss followed by resuscitation. The dashed
black line represents the effect site concentration. The solid black line
represents the propofol effect site concentration (2.7 μg/mL) required
at which there is a loss of response to noxious stimuli, and the dotted
black line represents the propofol effect site concentration (1.9 μg/mL)
at which there is a loss of response to verbal stimuli.

animals than unbled controls [3, 4]. Both fentanyl and remifen-
tanil exhibited PK changes to include a reduced volume of dis-
tribution and a decrease in drug clearance that were consistent
with what has been observed with propofol [6, 9] following
blood loss. These PK changes suggest that in the presence of
moderate to severe blood loss, opioid dosing can be reduced by
50 percent to achieve a desired analgesic effect.

There are, however, some important differences between
the pharmacologic profile of opioids and propofol follow-
ing hemorrhagic shock. When compared with propofol, the
doses of opioids delivered following moderate to severe hemor-
rhage were, by contrast, much higher. For example, following a
30 mL/kg hemorrhage, swine would only tolerate a propo-
fol dose of 200 μg · kg−1 · min−1 for ten minutes. This dose
is notable for three reasons: (1) It was adequate to achieve
the desired effect (near-maximal effect in the BIS) and higher
doses were found to be lead to irreversible cardiovascular col-
lapse. (2) It was 2.5-fold less than the dose required to achieve
near-maximal effect in the unbled controls. (3) This dose rep-
resents only a modest increase in what is typically administered
to achieve sedation during a general anesthetic. By contrast,
following a 25 mL/kg hemorrhage, swine tolerated a brief fen-
tanyl infusion of 10 μg · kg−1 · min−1 for five minutes [3]. This
infusion rate represents a dose that is nearly 5- to 10-fold more
than what is required to produce analgesia. The infusion was
tolerated in both bled and unbled animal subjects. The cardio-
vascular depression from high-dose fentanyl in the presence of
moderate blood loss was minimal. An important take-home
message is that higher doses of fentanyl are better tolerated
with less cardiovascular depression during hemorrhagic shock
and demonstrate the wider therapeutic range of opioids when
compared with propofol.

With regard to the influence of hemorrhagic shock on the
PD profile of opioids, prior work has reported that the PDs of
remifentanil is relatively immune to the consequences of severe
blood loss. This is again in stark contrast to what has been
observed with propofol.
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Table 8.3: Summary of Studies Investigating the Influence of Blood Loss and Resuscitation on
Intravenous Drug Behavior

Drug
PK Changes

with BL
PD Changes

with BL
PK Changes
with BL & R

PD Changes
with BL & R Reference

Sedative Hypnotics
Propofol +++ +++ + + DePaepe et al. [6]

Johnson et al. [9]
Johnson et al. [8]

STP +++ − − − Holford and Sheiner [27]
Weiskopf et al. [12]

Etomidate + 0 − − DePaepe et al. [7]
Johnson et al. [10]

Ketamine + − − − Black et al. [5]
Weiskopf et al. [12]

Midazolam ++ − − − Adams et al. [13]

Opioids

Morphine ++ − − − DePaepe et al. [2]
Fentanyl +++ − − − Egan et al. [3]
Remifentanil +++ 0 − − Johnson et al. [4]

PK, pharmacokinetic; PD, pharmacodynamic; BL, blood loss; R, resuscitation; STP, sodium thiopental.

+++, ++, +, 0, large, moderate, small, and no change in parameters that lead to more pronounced and/or prolonged

drug effect, no data are available.

The Impact of Blood Loss on Etomidate and Ketamine

By comparison with propofol, both ketamine and etomidate
have a higher degree of acceptance among clinicians caring for
patients with significant blood loss. This is largely because the
cardiovascular depression known to be exaggerated with propo-
fol and sodium pentothal is not as apparent with etomidate and
even to a lesser extent with ketamine. For example, although
etomidate is known to produce mild cardiovascular depres-
sion, prior work surprisingly has revealed minimal cardiovas-
cular change following a high-dose, brief continuous etomidate
infusion [10] during moderate hemorrhagic shock (30 mL/kg).
As well, the PK and PD profile of etomidate following blood loss
has also been found to be minimally influenced by blood loss.

Similar to etomidate, preliminary work has suggested that
severe blood loss minimally influences the PK behavior of
ketamine [5]. Ketamine is known to increase sympathetic tone,
serve as a potent analgesic, and perform favorably in patients
with poor cardiovascular function. During severe hemorrhage
(39 mL/kg) in swine, equivalent dosing surprisingly led to near-
equivalent plasma levels during and after a brief high-dose infu-
sion (Figure 8.9). One disadvantage to studying ketamine is that
it is difficult to characterize the influence of blood loss on the
PD behavior. This is because it is difficult to identify and mea-
sure a surrogate of ketamine’s sedative or analgesic effect (i.e.,
BIS is not a reliable measure of ketamine’s sedative effect).

Nevertheless, these preliminary results suggest that dos-
ing requirements for ketamine and etomidate require minimal
adjustment following moderate to severe blood loss and that
these are important drugs to maintain in our pharmacologic
armamentarium when caring for patients suffering from life-
threatening blood loss.

In conclusion, as anesthesiologists navigate patients suffer-
ing from blood loss through often perilous anesthetics, hem-
orrhage and even hemorrhage followed by resuscitation that
appears to restore hemodynamic function to near normal can
lead to dramatic alterations in the pharmacologic behavior of
commonly used sedative hypnotics and opioids. Duration of
effect, peak effect site concentrations, and extent of cardiovas-
cular depression should all be considered when selecting an
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Figure 8.9. Plasma ketamine levels over time following a ketamine infu-
sion of 500 μg · kg−1 · min−1 for ten minutes. The solid and dashed lines
represents unbled (control group) and bled (shock group) swine. The
mean shed blood volume was 39 mL/kg. The y axis is on the log scale.
Plasma ketamine levels represent the sum of the racemic ketamine ena-
tiomers [5].
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intravenous anesthetic and formulating an appropriate dose.
The hemodynamically compromised patient is especially sus-
ceptible to the cardiovascular suppression of selected sedative
hypnotics, whereas others appear to be much safer. Propo-
fol appears to be an especially poor choice even after some
degree of resuscitation. Ketamine or etomidate are better suited
in patients suffering from hemorrhagic shock. In contrast to
propofol, opioids enjoy a wide therapeutic margin in the pres-
ence of blood loss. A summary of how blood loss and resus-
citation influence intravenous drug behavior is presented in
Table 8.3.

What remains unexplored is the influence of blood loss
on drug behavior when sedatives and opioids are administered
simultaneously, as is often done when providing a general anes-
thetic. It is well established that sedative hypnotics and opioids
have a synergistic relationship, but how that interaction behaves
in the presence of intravascular volume depletion has not been
described. Stay tuned!

M U LT I P L E C H O I C E Q U E S T I O N S

1. Likely mechanisms to explain pharmacokinetic changes
in intravenous drug behavior following severe blood loss
include all of the following EXCEPT:

a. Decreased cardiac output
b. Decreased protein binding of active drug
c. A rightward shift in the concentration effect curve
d. Redistribution of blood flow to essential organs
e. Decreased volume of distribution

2. An exaggerated response in processed EEG measures of
sedation (i.e., the bispectral index scale) to intravenous
propofol administration following severe hemorrhage is
most likely a function of:

a. Changes in propofol pharmacokinetics
b. Changes in propofol pharmacodynamics
c. A leftward shift in propofol’s concentration effect curve
d. Elevated effect site concentrations
e. All of the above

3. Similarities in opioid and propofol behavior following
severe blood loss include all of the following EXCEPT:

a. Blood loss leads to a decrease in the volume of distribu-
tion

b. Administration causes severe cardiovascular depression
c. Blood loss leads to a decrease in clearance
d. Administration yields elevated effect site concentrations

in response to conventional dosing
e. None of the above

4. Extreme caution should be used when administering all
of the following sedative hypnotic dosing regimens in the
setting of moderate to severe blood loss EXCEPT:

a. Propofol 2 mg/kg
b. Propofol 150 μg · kg−1 · min−1

c. Thiopental 4 mg/kg
d. Etomidate 0.1 mg/kg
e. Propofol 2 mg/kg + fentanyl 3 μg/kg

5. Following a 2 mg/kg induction dose of propofol, moder-
ate blood loss would be expected to lead to the following
changes in propofol’s behavior EXCEPT:

a. A rightward shift in the concentration effect curve
b. Higher effect site concentrations
c. A lower effect site concentration threshold for loss of

responsiveness
d. Prolonged duration of effect
e. Higher plasma concentrations

6. Preliminary research exploring the influence of partial
resuscitation following severe blood loss on propofol behav-
ior has revealed all of the following EXCEPT:

a. Pharmacokinetic changes seen in blood loss are reversed
b. Pharmacodynamic changes in blood loss are reversed
c. The potentially dangerous cardiovascular depressant

effect of propofol is not fully reversed with partial resus-
citation

d. Presence of a leftward shift in the concentration effect
curve of smaller magnitude than observed with moderate
to severe blood loss

e. Persistence of a lower effect site concentration thresh-
old for loss of responsiveness as observed with blood
loss when compared with euvolemic normotensive con-
ditions

7. Features that make administration of opioids attractive to
administer during severe blood loss when compared with
propofol include

a. Decrease in the volume of distribution
b. Conventional dosing leads to higher than expected

plasma concentrations
c. Minimal cardiovascular depressant effects even at high

doses
d. Conventional dosing leads to lower than expected effect

site concentrations
e. A lower effect site concentration threshold for loss or

responsiveness to painful stimuli

8. Differences between ketamine and propofol behavior fol-
lowing severe blood loss include all of the following
EXCEPT:

a. Ketamine increases sympathetic tone whereas propofol
is a cardiovascular depressant

b. Propofol and to a lesser extent, ketamine, have a
decreased volume of distribution

c. Both require a significant reduction in dose to minimize
the risk of cardiovascular collapse

d. Ketamine has a significant analgesic component whereas
propofol does not

e. None of the above

9. During hemorrhagic shock, pronounced drug effect may
be due to:

a. Decreased cardiac output
b. Redistribution of blood flow to essential organs, the

brain, and heart
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c. Possible decreased protein binding of active drug yielding
more drug per dose available to exert an effect

d. Decreased clearance
e. All of the above

10. Recent investigations have shown that the C50, a pharma-
codynamic parameter used to characterize the drug-effect
relationship, is shifted to the left in severe blood loss for
which of the following drug(s):

a. Remifentanil
b. Remifentanil and fentanyl
c. Remifentanil, fentanyl, and propofol
d. Propofol
e. Propofol and etomidate

A N S W E R S

1. c
2. e
3. b
4. d

5. a
6. b
7. c

8. c
9. e

10. d
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P H A R M A C O L O G Y O F N E U R O M U S C U L A R

B L O C K I N G A G E N T S A N D T H E I R R E V E R S A L

I N T R AU M A PAT I E N T S

François Donati

Objectives
1. Understand the role of neuromuscular blocking agents for tracheal intubation and maintenance

of relaxation in trauma patients
2. Review the pharmacology of depolarizing and nondepolarizing neuromuscular agents and their

antagonists used in trauma patients
3. Formulate recommendations and define indications and contraindications for the use of neu-

romuscular blocking agents in different trauma settings

I N T R O D U C T I O N

Neuromuscular blocking agents are given to trauma patients
in two specific circumstances. They may be needed to facilitate
tracheal intubation in the emergency department or prior to
arrival in the hospital to provide oxygenation and ventilation to
the unstable patient. Also, neuromuscular blocking agents may
be needed in an otherwise stable patient as an adjunct to other
anesthetic drugs for emergency surgery. In both cases, the major
challenge is to choose the right drug for tracheal intubation.
Neuromuscular blocking agents for maintenance of relaxation
during surgery or mechanical ventilation are similar to those
used in nontrauma cases. Finally, the indications for reversal in
trauma and nontrauma patients do not differ significantly.

Patients with recent trauma are likely to have hemody-
namic instability. Thus, they may have an exaggerated response
to sedative and hypnotic drugs. Ideally, these drugs should be
titrated. However, trauma patients should be presumed to have
a full stomach, and measures to prevent pulmonary aspiration
of gastric contents should be applied. The management of tra-
cheal intubation in the presence of a full stomach relies on the
rapid sequence induction (RSI) technique, which involves the
rapid administration of hypnotic drugs and a neuromuscular
blocking agent. The technique may have to be modified in favor
of titration of the hypnotic drug in hemodynamically unstable
patients. The term “rapid sequence intubation” is commonly
used when RSI is applied in the prehospital or emergency room
settings.

R A P I D S E Q U E N C E I N D U C T I O N

Awake subjects have the protective reflexes to protect their tra-
cheobronchial tree from foreign substances, notably from gas-
tric contents that may find its way up through regurgitation
or vomiting. In anesthetized, paralyzed, intubated patients, the
trachea is isolated from the digestive system by a cuffed tracheal
tube to prevent material in the oropharynx from gaining access
to the lungs. The problem arises during the transition from the
awake state to the anesthetized, paralyzed state, when protective
reflexes may be blunted or abolished, but the airway may still
not be secured. The solution consists in minimizing the time
between induction of anesthesia and insertion of a cuffed tra-
cheal tube. The critical steps involved in RSI are summarized
in Table 9.1 and explained below (see also Chapter 2).

Preoxygenation

If nitrogen is replaced by oxygen in the lungs, a normal adult
without pulmonary disease can sustain 5–10 minutes of apnea
if preceded by inhalation of 100 percent oxygen for 3–5 min-
utes [1]. Subjects with reduced functional residual capacity
(FRC) or increased oxygen consumption (obesity, pregnancy,
fever, hyperdynamic state) have a shorter period of apnea with-
out desaturation. Preoxygenation contributes to providing ade-
quate oxygenation during the interval between loss of con-
sciousness and intubation. However, this time period is limited

1 4 2
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Table 9.1: Rapid Sequence Induction – Critical Steps

1. Preoxygenation with 100% O2, ideally for 3 min
2. Rapid administration of a hypnotic drug and a neuromuscular

blocking agent
3. Cricoid pressure and no manual ventilation (unless hypoxic or at

risk for hypoxia)
4. When neuromuscular block is present, intubation of the trachea

and RSI is not appropriate when a difficult airway is anticipated
or if many attempts are made.

Rapid Injection of Drugs

Minimizing the time during which the airway is unprotected
means that hypnotic drugs and neuromuscular blocking agents
should be given rapidly. In addition, these drugs should be cho-
sen so that their onset of action is as short as possible. This must
be balanced against the risk of side effects such as hypotension.

Cricoid Pressure

Contrary to tracheal rings and the thyroid cartilage, the cricoid
cartilage is rigid, not only anteriorly, but also posteriorly. The
esophagus lies behind the cricoid cartilage, so that pressure
applied anteriorly should normally compress the esophagus
and prevent, to a certain extent, passage of gastric contents
into the oropharynx. Application of cricoid pressure upon loss
of consciousness, also called the Sellick maneuver, has had its
detractors [2]. The right amount of pressure (20–30 N) should
be applied, and the assistant doing this should be well trained.
Although the principle behind cricoid pressure appears logi-
cal, there is no compelling evidence that the risk of aspira-
tion is reduced. Moreover, cricoid pressure may distort airway
anatomy and impede the view of the glottis during intubation.
Thus, cricoid pressure is not mandatory.

No Manual Ventilation

High inflation pressures generated by a bag and mask may allow
gas into the stomach and increase the risk of regurgitation. Also,
a distended stomach might press on the diaphragm and reduce
lung volume. Therefore, bag and mask ventilation should be
avoided during RSI. If, however, the patient is hypoxic or unable
to be adequately preoxygenated, manual bag-mask ventilation
is done to prevent hypoxia, so-called modified RSI. Properly
applied cricoid pressure minimizes the risk of gastric distension
during manual bag-mask ventilation when inflation pressures
are less than 20 cm H2O.

Intubation

The airway should be secured as soon as possible, but haste
can be deleterious. Inadequate paralysis when laryngoscopy
and intubation are performed might induce movement and
coughing, with the increased risk of aspiration. Warner et al.
[3] reported that inadequate paralysis at the time of intuba-

tion was present in as many as a third of the cases of aspiration
that occurred at induction of anesthesia. Thus, success of RSI
depends on administration of an adequate dose of neuromus-
cular blocking agent and on waiting long enough for complete
paralysis to be manifest. To achieve this, neuromuscular mon-
itoring is extremely useful.

Alternatives

There are few alternative airway devices that are indicated in
trauma patients. The laryngeal mask airway is not normally
indicated in individuals with a full stomach. Awake tracheal
intubation may be the technique of choice, with or without the
aid of a bronchoscope, especially in very unstable patients or
in those with a difficult airway. However, a review of the liter-
ature suggests that, in most patients, the probability of success
is greater with RSI than with a technique involving only seda-
tion. The failure rate might be as high as 15–20 percent when
only light sedation is used, compared with 1–2 percent with
RSI [4].

P H A R M AC O L O G Y W I T H H Y P O VO L E M I A
A N D D E P R E S S E D C A R D I AC O U T P U T

Drugs are usually thought of as being distributed in the body
into one, two, or sometimes three compartments, from which
they are excreted or metabolized. The effect of a drug is usually
related to its concentration in the blood, usually associated with
the central compartment. This model fails to explain what hap-
pens in the seconds or minutes following intravenous injection
of drugs and does not explain the behavior of drugs given for
RSI, when an effect is expected within 1–2 minutes. Pharma-
cokinetics assumes instantaneous mixing of the drug in each
compartment, starting right at the time of injection. In real-
ity, a substance injected into a vein must reach the right side
of the heart first, pass through the pulmonary circulation, get
through the left side of the heart, and be distributed into the
arteries before having access to the target organ. Thus, onset of
action of drugs is associated with a certain time delay, which
depends on how quickly the substance reaches the target organ.
This is determined to a large extent by circulation time, which,
in turn, depends on cardiac output. On the other hand, the
drug concentration in the arterial blood will essentially depend
on how much blood there is to dilute the drug.

If cardiac output is reduced, circulation time is increased.
However, the drug will be diluted into a smaller volume of
blood, because less blood goes through the heart as the drug is
injected. This means that the concentration reaching the target
organs will be greater if cardiac output is reduced than if it is
normal. Similarly, if the patient is hypovolemic, initial concen-
trations will be greater than with the normovolemic situation.
These situations are studied using a mathematical framework by
a special branch of pharmacokinetics, called front-end pharma-
cokinetics [5]. Studies have confirmed that hypovolemic sub-
jects with reduced cardiac output are more sensitive to the effect
of hypnotic drugs, but the effect takes longer to be manifest (see
Chapter 8) [6].

For neuromuscular blocking agents, the same principles
apply, but the net effect might be slightly different. Hypnotic
drugs, such as propofol or thiopental, exert their action on the
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Table 9.2: Neuromuscular Blocking Agents: Pharmacokinetics, Metabolism, Side Effects

Agent Eliminations Half-life Excretion and Metabolism Major Side Effects

Succinylcholine <1 min with normal plasma
cholinesterase

Plasma cholinesterase See Table 9.4

Mivacurium 2 min (active isomers with normal
plasma cholinesterase)

Plasma cholinesterase Histamine release (≥0.2 mg/kg)

Atracurium 20 min Hofmann elimination
Nonspecific esterase hydrolysis

Histamine release (≥0.5 mg/kg)

Vecuronium 1–1.5 h Liver uptake, metabolism, excretion
Some renal elimination

None

Cisatracurium 25 min Hofmann elimination
Nonspecific esterase hydrolysis

None

Rocuronium 1–1.5 h Liver uptake, metabolism, excretion
Some renal elimination

None

Pancuronium 1–2 h Liver metabolism, excretion
Renal elimination

Tachycardia, hypertension

Doxacurium 1–2 h Renal elimination None

brain. When cardiac output decreases, blood flow to the vital
organs, including the central nervous system, is relatively pre-
served, so that the brain receives a greater than normal propor-
tion of cardiac output, and therefore a disproportionately large
amount of drug. However, the site of action of neuromuscu-
lar blocking agents is at the neuromuscular junction in muscle
tissue. Because the fraction of cardiac output irrigating muscle
is reduced when cardiac output falls, in favor of vital organs,
the amount of neuromuscular drug reaching its target might be
less. However, the effect of reduced muscle blood flow is com-
pensated by the increased drug concentration in arterial blood,
because of dilution of the drug into a small total blood volume.
As a result, the dose of neuromuscular blocking agent in hypo-
volemia and/or reduced cardiac output is not markedly differ-
ent from normovolemia and normal cardiac output. However,
the onset time, that is, interval from injection until maximum
neuromuscular blockade, is increased [7].

D E P O L A R I Z I N G AG E N T S

Mechanisms of Action

Several compounds (succinylcholine, decamethonium, imb-
retil) have an agonist action at the neuromuscular junction,
much like the neurotransmitter acetylcholine. It seems para-
doxical that they cause flaccid paralysis, because acetylcholine
causes muscle to contract. The mechanism of action of succinyl-
choline and other depolarizing agents is still poorly understood,
but we know that, like acetylcholine, these drugs depolarize the
muscle fiber at the endplate. However, contrary to acetylcholine,
depolarizing drugs are not degraded by acetylcholinesterase. A
persistent depolarization (longer than a few milliseconds) pro-
duces desensitization of acetylcholine receptors, and/or inacti-
vation of nearby sodium channels, the net effect of which is to

prevent further acetylcholine activation and/or action potential
generation in the muscle cell.

However, targets for succinylcholine action are not limited
to the endplate, which contains a high density of receptors, but
clustered in an area that represents only a fraction of 1 percent of
the area of the muscle cell membrane. Depolarizing agents also
bind to extrajunctional receptors, which can be found in low
density throughout the muscle membrane. In certain disease
states, these receptors proliferate [8]. Because opening of any
receptor, which the depolarizing agents produce at least once,
causes potassium efflux from the cell, hyperkalemia is a feature
of depolarizing blockade. In patients with a normal number
of receptors, this increase in serum potassium is measurable
(about 0.5 mEq/L), but insignificant clinically. In patients with
an increased number of receptors, hyperkalemia may be catas-
trophic [8, 9].

Succinylcholine

The reason why succinylcholine is used clinically is not its depo-
larizing mechanism of action, but because it is the only neu-
romuscular blocking agent with rapid onset and rapid recov-
ery. Its depolarizing nature carries many side effects, most of
them minor, but some life-threatening. Succinylcholine also has
many contraindications, most of them related to the depolar-
izing blockade it produces.

Plasma Cholinesterase
The duration of succinylcholine blockade is only a few

minutes thanks to metabolism by plasma cholinesterase, also
called pseudocholinesterase (Table 9.2). This enzyme is manu-
factured in the liver and released in plasma. Although similar to
acetylcholinesterase, which hydrolyzes acetylcholine at the neu-
romuscular junction, both enzymes are not strictly identical.
Acetylcholinesterase does not hydrolyze succinylcholine. There
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Table 9.3: Typical Pharmacodynamic Values for Neuromuscular Blocking Agents

Agent ED95 (mg/kg)
Typical Intubating

Doses (mg/kg)
Onset (for 2 ×
ED95) (min)

Duration (for 2 ×
ED95) (min)

Ultra-short-duration agents
Succinylcholine 0.3 1 1 8–10
Gantacurium∗ 0.19 0.6 1.5 8–10

Short-duration agents
Mivacurium 0.1 0.2–0.25 3–5 15–25
Rapacuronium∗∗ 0.75 1.5–2.5 1–1.5 15–30

Intermediate-duration agents
Atracurium 0.2 0.5 3–4 35–45
Vecuronium 0.05 0.1–0.15 3–4 35–45
Cisatracurium 0.05 0.15 5–7 40–45
Rocuronium 0.3 0.6–1.0 1.5–3 30–40

Long-acting agents
Pancuronium 0.07 – 3–5 90–120
Doxacurium 0.025 – 7–10 90–120

∗Investigational drug.
∗∗Withdrawn from market.

are many genetic variants of plasma cholinesterase, and not all of
them are associated with decreased activity of the enzyme [10].
Approximately 1:2,000 individuals show a markedly decreased
ability to metabolize succinylcholine, associated with neuro-
muscular blockade lasting 1–4 hours. The rest of the popula-
tion shows a wide range of plasma cholinesterase activity, but
enough to metabolize succinylcholine rapidly, so that the dif-
ferences between individuals are not clinically apparent.

Pharmacology
After injection, succinylcholine first displays signs of its ago-

nist properties at the neuromuscular junction. Disorganized
muscle contractions can be observed, especially in young, mus-
cular adults. These contractions, termed fasciculations, last for
only a few seconds before flaccid paralysis is manifest. Dose–
response relationships for succinylcholine can be obtained by
plotting effect, defined as twitch depression at the thumb fol-
lowing ulnar nerve stimulation, versus dose given. For neuro-
muscular blocking agents, it is customary to determine the dose
that corresponds, on average, to 95 percent twitch depression,
or 95 percent block, and this dose is called the effective dose for
95 percent block, or ED95 [11]. The ED95 for succinylcholine
is approximately 0.3 mg/kg (Table 9.3) [12]. However, some
patients need more to achieve the same degree of block. Also,
the muscles of respiration, such as the diaphragm, are resistant
to the effect of succinylcholine, that is, they require more than
the muscles of the hand for an equal degree of paralysis [13]. As
a result, the dose required to block all muscles in most, if not
all, patients for tracheal intubation is greater than 0.3 mg/kg
and is close to 1.0 mg/kg. Intubating conditions depend on
dose. With 1.0 mg/kg, one can expect approximately 80 percent
excellent conditions (no movement or cough). With 0.5 mg/kg,
excellent conditions are found in only 50–60 percent of subjects
[14]. The probability of excellent conditions does not improve
significantly if the dose is increased to 2 mg/kg [15].

Onset and Duration
In the vast majority of patients, who metabolize succinyl-

choline normally, time to complete neuromuscular blockade as
measured at the hand muscles after a 1 mg/kg dose is approx-
imately one minute and duration of action to return of nor-
mal twitch height is 10–12 minutes. Onset time is largely gov-
erned by circulatory factors. It is shorter in children and patients
with a hyperdynamic circulation. It is prolonged in the elderly
and low-output states, such as cardiac or hemorrhagic shock.
Onset time is also shorter in central than in peripheral mus-
cles. Thus, adequate conditions for tracheal intubation may be
obtained before twitch response is abolished at the hand. The
delay might be even greater if the response of foot muscles is
monitored. Onset time is not markedly dose-dependent in the
range of 0.5–2.0 mg/kg [15]. Duration shows marked interindi-
vidual variations for the same dose. Mean duration decreases or
increases by only 2–3 minutes if the dose is halved or doubled,
respectively [14, 15]. Centrally located muscles, such as the
diaphragm, recover faster than peripheral muscle. For exam-
ple, the diaphragm starts to contract and breathing resumes
five minutes, on average, after 1 mg/kg, 3–5 minutes before
recovery is manifest at the hand [16]. However, variability of
diaphragmatic recovery is wide.

Frequent Side Effects
Fasciculations, or brief, disorganized contractions shortly

after injection, are the result of the brief agonist, acetylcholine-
like action of succinylcholine. Mild (0.5 mEq/L or less) increase
in potassium concentration occurs as a result of potassium
efflux from the cells induced by activation of cholinergic recep-
tors [8]. A contracture, or an increase in tension without nerve
stimulation, may be seen in almost all muscles following suc-
cinylcholine, but the magnitude of this tension is usually too
small to be seen. Myalgias are muscle pains occurring 24–48
hours after succinylcholine administration. Arrhythmias are
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Table 9.4: Side Effects of Succinylcholine

Effect
Diminished by
Precurarization Made Worse by Comments

Common side effects
Fasciculations Yes Especially in muscular individuals
Myalgias Yes Especially in muscular and ambulatory

individuals
Hyperkalemia No Burns, spinal cord trauma, crush

injuries
Previously hyperkalemic patients might

be at risk. Increased risk with acidosis
Bradycardia, asystole No More common in children or after

second dose succinylcholine
Prevented by atropine

Catecholamine release Yes
Increased intraocular pressure No Light anesthesia, inadequate paralysis
Increased intracranial pressure Uncertain Light anesthesia, inadequate paralysis Unlikely to be clinically significant.

Secure airway, oxygenation, and
ventilation of far greater importance
after head injury

Rare side effects
Malignant hyperthermia No
Masseter spasm No
Prolonged blockade No In patients with decreased plasma

cholinesterase activity
Rhabdomyolysis No Muscle dystrophy, corticosteroid

therapy
Risk of hyperkalemic cardiac arrest

Anaphylaxis No

common, and range from bradycardia due to vagal effect, to
tachycardia, which is the result of catecholamine release. The
side effects are listed in Table 9.4.

Uncommon Side Effects
In a small proportion of susceptible individuals, contrac-

tures may be exaggerated and may be observed as masseter
spasm, which may be of sufficient intensity to interfere with
laryngoscopy and intubation. Succinylcholine may also precip-
itate malignant hyperthermia. Although masseter spasm may be
an early manifestation of malignant hyperthermia, most cases of
masseter spasm do not lead to malignant hyperthermia. Severe
hyperkalemia, leading to cardiac arrhythmias and asystole, may
be seen after succinylcholine in patients with extensive denerva-
tion and/or muscle injury [9]. This is observed after spinal cord
injury, burns, extensive crush injuries, and muscle dystrophy.
Milder versions of this phenomenon might occur in less exten-
sive denervation, upper motor neuron lesions, other neurologic
disease, immobility, steroid use, and preexisting hyperkalemia,
as in renal failure. For most of these conditions, the common
pathophysiologic mechanism is denervation-induced prolifer-
ation of extrajunctional receptors. In muscle disease, fragility
of the muscle membrane is probably important. Considering
the frequency of use, allergic or anaphylactic reactions have
been reported for succinylcholine more than for any other drug
used in anesthesia. Finally, patients with a genetic or acquired
decrease in plasma cholinesterase activity have a prolonged
response to the drug and may need to be ventilated for sev-
eral hours after a usual dose of succinylcholine (Table 9.4).

Contraindications
Succinylcholine should not be given to patients with a docu-

mented history of malignant hyperthermia. Receptors in burns,
spinal cord injury, and trauma with extensive muscle dam-
age take a few days to proliferate so succinylcholine should be
avoided 24–48 hours after the injury [8]. The drug is probably
safe again upon resolution of the initial injury. Succinylcholine
should not be given in patients with muscle disease, especially
muscle dystrophy, in subjects who have a history of an aller-
gic reaction to the drug, and in those with a personal history
of prolonged blockade after receiving either succinylcholine or
mivacurium.

Special Situations
In pediatric patients, the mg/kg dose of succinylcholine is

increased with decreasing age. As much as 2 mg/kg is suitable
in infants. Onset and duration are shorter in pediatric patients.
Whereas adults often have tachycardia after succinylcholine,
bradycardia, often leading to asystole, is frequent in infants and
children. Pretreatment with atropine is effective (see Chapter
24). In obese individuals, the same dose per kilogram actual body
weight is recommended. Obese patients have a reduced volume
of distribution per kilogram, because succinylcholine is water
soluble. However, plasma cholinesterase activity is increased in
obese subjects. Both effects tend to cancel each other out. Plasma
cholinesterase activity is decreased in liver disease, malnutrition,
and pregnancy. Patients with myasthenia gravis are resistant to
the effects of succinylcholine and require more than the usual
dose. In children and adults, repeat doses of succinylcholine
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may cause bradycardia and asystole. Pretreatment with an anti-
cholinergic, such as atropine, 0.01 mg/kg, or glycopyrrolate,
0.005 mg/kg, is routine before administering a second dose of
succinylcholine during RSI.

Controversies
There have been sporadic reports of intractable cardiac

arrests associated with hyperkalemia in otherwise healthy chil-
dren receiving succinylcholine. These events, which occurred
chiefly in boys, have been attributed to undiagnosed muscle dys-
trophy [9]. These events have prompted some to recommend
a ban of succinylcholine in the pediatric population, except in
cases of emergency.

Succinylcholine has long been thought of as offering some
kind of protection against failed intubation. Properly oxy-
genated lungs contain 1.5–2 L of oxygen, enough to sustain up to
8–10 minutes of apnea at a consumption rate of 200 mL/min.
However, recent studies show that certain subjects (between
11% and 85%, depending on the study) given succinylcholine,
1 mg/kg, demonstrate a decrease in oxygen saturation before the
diaphragm starts moving again [16–18]. Clearly, oxygen desat-
uration can be seen in some patients, but the drug remains safer
than other longer-acting agents in this regard.

Failure of the 1 mg/kg dose to protect against hypoxia has led
some investigators to look for a better dose. With 0.56 mg/kg,
acceptable intubating conditions were found in 95 percent of
patients, which was considered acceptable, with shortening of
the duration of neuromuscular blockade [14]. However, inci-
dences of desaturation still occurred with 0.56 mg/kg [16]. Some
patients were found to desaturate with just a fentanyl-propofol
induction, without succinylcholine. Finding a perfect succinyl-
choline dose, which provides excellent intubating conditions
and is associated with return of breathing before desaturation
occurs, is an illusory goal. As failure at intubation occurs only in
a small percentage of cases, priority should be given to adequate
intubating conditions. The 1 mg/kg dose appears to be the best
compromise.

A small dose of a nondepolarizing neuromuscular blocking
agent given 2–4 minutes before succinylcholine is effective in
the prevention of fasciculations and myalgia. This technique of
precurarization has the potential to produce unpleasant symp-
toms in the awake patient. While diplopia and a general feel-
ing of weakness are benign symptoms, difficulty swallowing or
breathing are more serious, because they may indicate inability
to protect one’s airway against the possibility of pulmonary aspi-
ration. A recent review of the literature shows that symptoms
of muscle weakness are frequent in precurarization studies, but
this may be all related to dose. Theoretical considerations and
clinical studies suggest that the appropriate dose is one tenth
the ED95 of the precurarizing drug. Larger doses, amounting
to 0.2–0.4 times the ED95 should be avoided. With 0.1 times
the ED95, a larger dose of succinylcholine must be given (1.5–2
mg/kg) to obtain the same onset and duration characteristics
as with 1 mg/kg without precurarization.

Indications
Succinylcholine is used to obtain profound paralysis of short

duration, and the need arises almost exclusively in the setting of
securing the airway. In adults, the recommended dose for this
indication is 1 mg/kg. Precurarization may be used to avoid
fasciculations. A dose of no more than 0.03 mg/kg of rocuro-

nium or equivalent should be given 2–3 minutes before suc-
cinylcholine. In this case, 1.5 or preferably 2 mg/kg, of suc-
cinylcholine should be administered.

N O N D E P O L A R I Z I N G N E U R O M U S C U L A R
B L O C K I N G AG E N T S

Mechanism of Action

Nondepolarizing neuromuscular blocking agents bind to
cholinergic receptors at the neuromuscular junction but do not
produce activation. They compete with acetylcholine, which
is released by the nerve terminal, for the same sites. In the
absence of neuromuscular blocking agents, more acetylcholine
is released with each nerve impulse than needed to produce
an endplate depolarization of sufficient magnitude to produce
a contraction. If impulses are generated by the nerve at a rel-
atively high frequency (>2 Hz), the amount of acetylcholine
released with each impulse declines somewhat, but there is still
enough release for the generation of a contraction. This “margin
of safety” is essential for the production of sustained contrac-
tions.

With nondepolarizing neuromuscular blocking agents on
board, many receptors are occupied, so the acetylcholine
released might not be enough for a full contraction. If nerve
impulses are generated at a high frequency, the amount of
acetylcholine released decreases with each impulse. As a result,
the contraction becomes weaker and weaker. This fade can be
seen with a nerve stimulator when the train-of-four (2 Hz for
2 seconds) or tetanic (30–100 Hz for 5 seconds) are used. This
is the basis of neuromuscular monitoring. The findings during
nondepolarizing blockade are analogous to those observed in
myasthenia gravis. Train-of-four or tetanic fade is not seen with
depolarizing agents (Figure 9.1).

Succinylcholine Non-depolarizing agent Reversal agent

Total
paralysis

Total
paralysis

Reappearance of
1, 2, 3, 4 twitches

Time (not to scale)

Normal
response

Recovery after
succinylcholine

No fade after
succinylcholine

Fade after 
non-depolarizing block

Adequate recovery:
T4/T1 ≥ 0.9 

Figure 9.1. Neuromuscular monitoring during anesthesia for trauma.
Succinylcholine is given for intubation. Upon recovery, a nondepolariz-
ing agent is administered. An anticholinesterase drug is given to accelerate
recovery. Train-of-four (stimulation at 2 Hz for 2 seconds) responses are
represented against time. If succinylcholine is omitted in favor of a nonde-
polarizing agent, the sequence of events associated with succinylcholine
does not occur.
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Characteristics of Nondepolarizing Neuromuscular
Blocking Agents

Potency
Neuromuscular blocking agents are first characterized by

their potency, which is determined by constructing dose–
response curves. The force of contraction is measured at the
adductor pollicis (thumb) in response to low-frequency stim-
ulation (to avoid fade) of the ulnar nerve. The mean dose cor-
responding to 95 percent depression of twitch response (ED95)
can be obtained [11]. High-potency drugs have a low ED95.
Knowing the potency of drugs allows equipotent doses of dif-
ferent drugs to be compared.

Onset Time
The time interval between injection of the drug and max-

imum blockade is called “onset time.” In most circumstances,
maximum blockade is 100 percent, as total paralysis is desired.
Larger doses produce shorter onset times. When drugs are com-
pared with one another, it is necessary to compare equipo-
tent doses for meaningful comparisons. Usually, onset times
are compared for doses equivalent to twice the ED95.

Duration of Action
Duration of neuromuscular blockade has to be measured

until a key point in the recovery process. Investigators have
agreed to define this key point as 25 percent first-twitch recov-
ery, which happens to be approximately the time when four
twitches start to be visible following train-of-four stimulation.
In addition, reversal is more efficacious and reliable when given
at 25 percent first-twitch recovery than when blockade is deeper.
Larger doses produce longer-lasting paralysis.

Classification of Nondepolarizing Neuromuscular
Blocking Agents (Table 9.3)

It is customary to classify neuromuscular blocking agents on the
basis of their duration. Again, it is necessary to make compar-
isons between equipotent doses of drugs, and most physicians
agree to compare the ED95 of each compound twice. Although
the classes chosen are somewhat arbitrary, the following classi-
fication has proved useful:

Ultra-short-Acting Drugs
At present, there is no nondepolarizing neuromuscular

blocking agent available for clinical use that is considered ultra-
short acting, with a duration of 8–12 minutes when a 2 × ED95

dose is given. Succinylcholine is ultra-short acting, but it is
depolarizing.

Gantacurium is an investigational compound in humans
that may fit the criteria for an ultra-short-acting agent. It pro-
duces nondepolarizing blockade, its estimated ED95 is 0.12–0.19
mg/kg, and duration of action for twice the ED95 is less than
10 minutes in adults. It has some histamine-releasing proper-
ties. Gantacurium, if approved for clinical use, might become
a succinylcholine replacement for tracheal intubation.

Short-Acting Drugs
Compounds with a duration of action in the 15- to 25-

minute range belong to the short-acting category.

Mivacurium is a benzylisoquinolone derivative that is bro-
ken down by plasma cholinesterase, like succinylcholine, but
unlike succinylcholine, it produces a nondepolarizing block.
It is a mixture of three isomers (trans-trans, cis-trans, and cis-
cis). Only the first two isomers are active at the neuromuscular
junction, and these isomers have a plasma half-life of approxi-
mately 2 minutes [19]. The cis-cis isomer has a longer half-life
(30 minutes), but it has virtually no neuromuscular blocking
effect. The ED95 of mivacurium is approximately 0.1 mg/kg in
patients with normal plasma cholinesterase. The duration of
action for doses in the 0.15–0.25 mg/kg range is 15–25 min-
utes. As with succinylcholine, decreased plasma cholinesterase
activity may be associated with a blockade lasting many hours,
requiring mechanical ventilation of the lungs.

Mivacurium has a surprisingly long onset time, with com-
plete blockade at the adductor pollicis taking 3–5 minutes after
intubating doses (0.2–0.25 mg/kg). This slow onset has been
attributed to the high potency of the drug. Thus, mivacurium
is not recommended as a succinylcholine substitute for RSI. The
other disadvantage of mivacurium is its propensity to release
histamine in a dose-related fashion. At doses larger than or equal
to 0.2 mg/kg, reddening of the skin, hypotension, and reflex
tachycardia are frequent. Rarely, bronchospasm may occur.

Mivacurium is indicated for short surgical procedures in
patients who do not have a full stomach and in whom there is
no anticipated difficulty with the airway. These conditions do
not occur often in trauma patients. Doses of 0.2–0.25 mg/kg
are indicated for tracheal intubation. Infusion rates for main-
tenance of relaxation are 3–7 μg/kg/min and should be titrated
by using a nerve stimulator. At the time of writing, the supply
of mivacurium had been interrupted in the United States, and
its future availability was uncertain.

Rapacuronium is a nondepolarizing agent with a steroid
nucleus. Its estimated ED95 is 0.75 mg/kg; thus, it is much less
potent than mivacurium. Thanks to its lack of potency, onset
time approaches that of succinylcholine (1–1.5 minutes), with
1.5–2.0 mg/kg doses. Duration of action is in the 15- to 20-
minute range. Rapacuronium enjoyed a brief moment of pop-
ularity after it was released in the United States for clinical use.
However, the drug was withdrawn in 2001, a year after its intro-
duction, because of reports of severe bronchospasm in a small
number of patients. It now appears reasonably clear that his-
tamine or hypersensitivity reactions were not involved in these
events. The most likely mechanism for these reactions is prefer-
ential blockade of M3 presynaptic muscarinic receptors in the
lungs. These M3 receptors normally put a brake on the activ-
ity of postsynaptic M2 receptors, which produce bronchocon-
striction [20]. Rapacuronium removed the brake in susceptible
individuals, letting M2 activity go unchecked.

Intermediate-Acting Drugs
Four nondepolarizing agents have a duration of action

in the 30- to 45-minute range, when given in the 2 × ED95

dose.
Atracurium is a benzylisoquinoline compound, like mivac-

urium. However, unlike mivacurium, it does not depend
on plasma cholinesterase for its breakdown. Atracurium is
degraded via two pathways, one of which is a nonenzy-
matic breakdown, called Hofmann elimination, a pH- and
temperature-dependent process. Vials containing atracurium
are acidified to prevent Hofmann elimination. The second
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pathway involves ester hydrolysis, via a group of enzymes called
nonspecific esterases. These enzymes play a role in the break-
down of other drugs such as the beta-blocker esmolol and the
opioid remifentanil. Atracurium’s unique mode of elimination
provides a duration of action that is relatively independent of the
function of traditional organs of elimination, such as the kidney
and the liver. Elimination half-life of the drug is approximately
20 minutes, and is independent of age, end-organ function, and
weight.

The ED95 of atracurium is 0.2–0.25 mg/kg, and rec-
ommended doses for intubation are 0.4–0.5 mg/kg. Dura-
tion of intubating doses is 35–45 minutes. Like mivacurium,
atracurium releases histamine in a dose-related manner, with
doses of 0.5 mg/kg and greater being associated with hypoten-
sion and tachycardia. Onset time is longer than for succinyl-
choline (3–4 minutes). Doses higher than 0.5 mg/kg are associ-
ated with an unacceptable incidence of histamine-related side
effects. Thus, atracurium is not recommended for RSI. It may
be used for maintenance of anesthesia. The infusion rate is 3–7
μg · kg−1 · min−1, or the equivalent in repeated bolus doses (0.1
mg/kg every 15–30 minutes) [21].

Hofmann elimination and ester hydrolysis both produce
an end product called laudanosine, which is eliminated by the
kidneys and has been found to produce seizures in high concen-
trations. Doses of atracurium normally required for anesthesia
and surgery are not high enough to lead to laudanosine seizures.
Theoretically, prolonged infusion of atracurium in the inten-
sive care unit (ICU), especially in patients with altered renal
function, might be associated with toxic laudanosine concen-
trations, but no case has been reported that linked atracurium
with seizures in the ICU [22].

Vecuronium is a compound with a steroid nucleus, like
rapacuronium. After a bolus injection, the drug concentration
in plasma falls rapidly due to redistribution, mainly to the liver.
Vecuronium also undergoes some metabolism in the liver and is
partially excreted unchanged by the kidney. Its elimination half-
life is 1–2 hours. However, its duration of action is considerably
less than the half-life would indicate, because vecuronium is
extensively redistributed [23].

The ED95 of vecuronium is 0.05 mg/kg, and doses of 0.1–
0.15 mg/kg are recommended for intubation. Duration of
action is heavily dose-dependent, ranging from 30–40 minutes
after 0.1 mg/kg to 50–70 minutes after 0.15 mg/kg in young
adults. Shorter durations are observed in children, and there is
a longer duration of paralysis in the elderly. Hepatic failure and,
to a lesser extent, renal failure are associated with a longer dura-
tion of action. Onset of action of vecuronium is 3–5 minutes for
a 0.1 mg/kg dose. This interval can be shortened by increasing
the dose, but at the expense of a prolonged duration of action.
Fortunately, vecuronium is virtually devoid of cardiovascular
side effects, even at doses as high as 0.4 mg/kg.

Vecuronium is not the drug of choice for a rapid sequence
induction, at least in countries where the more rapidly acting
rocuronium is available. Maintenance doses are typically 0.4–1
μg · kg−1 · min−1 when given by infusion, [21] or 0.02 mg/kg
every 20–30 minutes.

Cisatracurium is one of the most potent isomers of
atracurium, which is made up of approximately ten isomers
of different potencies. Hofmann elimination and ester hydrol-
ysis, which both contribute to the degradation of atracurium,
play the same role in the case of cisatracurium. The elimination

half-life of cisatracurium is 20–25 minutes, and is independent
of the patient’s organs of elimination [24].

The advantage of cisatracurium is its increased potency
without an increase in the threshold for histamine side effects.
The ED95 for neuromuscular block is 0.05 mg/kg, whereas his-
tamine is not released unless the dose exceeds 0.4 mg/kg [25].
However, onset is long, 5–7 minutes for a 2 × ED95 (0.1 mg/kg)
dose, as is expected of potent drugs. Onset of action can be
made shorter if the dose is increased to 0.15 or 0.2 mg/kg, at the
expense of prolonged blockade. Duration of action increases
from 40–45 minutes with 0.1 mg/kg to 60–75 minutes with 0.2
mg/kg.

Even high doses of cisatracurium do not provide a short
enough onset time and adequate intubating conditions to rec-
ommend the drug for rapid sequence intubation. Cisatra-
curium may be used at induction of anesthesia if the patient
does not have a full stomach, if there is no anticipated prob-
lem with management of the airway, and if the procedure is
expected to last one hour or more, to match the expected dura-
tion of the recommended intubating dose (0.15 mg/kg). Lower
doses are not recommended because of the long onset time.
Infusion rates of 0.5–1.2 μg · kg−1 · min−1, [26] or incremental
doses of 0.02 mg/kg every 15–30 minutes are recommended.
Cisatracurium is also indicated when neuromuscular block is
required in the ICU. Recovery is relatively rapid. Moreover, as
the amount of drug administered is less than in the case of
atracurium, the amount of laudanosine produced is less, and
this virtually eliminates concerns with the seizure-producing
effects of laudanosine [22].

Rocuronium has a steroid nucleus, like vecuronium. Its phar-
macokinetics is much like that of vecuronium, with an impor-
tant redistribution phase after a bolus injection, followed by
a slower elimination phase. Like vecuronium, distribution is
mainly to the liver. Only part of the rocuronium dose is metab-
olized. The rest is excreted unchanged, chiefly in the bile and to
a lesser extent by the kidney [27]. Elimination half-life is 1–2
hours, but duration of action of a 2 × ED95 is much shorter
(30–40 minutes).

The major pharmacologic difference between vecuronium
and rocuronium is the ED95. Rocuronium has one sixth the
potency of vecuronium, with an ED95 of 0.3 mg/kg. Because
of its lack of potency, rocuronium has a faster onset of action
than more potent drugs. At 0.6 mg/kg, complete neuromuscular
block occurs in 1.5–2.5 minutes, about half the time required
by an equipotent dose of vecuronium (0.1 mg/kg). Duration of
action for that dose is 30–40 minutes. Thus, rocuronium is the
nondepolarizing neuromuscular blocking agent of choice for
tracheal intubation when succinylcholine is contraindicated or
not desired [28]. However, rocuronium has a major drawback
compared with succinylcholine: Its duration of action is much
longer, and this could be a major problem if tracheal intubation
is not successful.

Intubating conditions after rocuronium, 0.6 mg/kg, espe-
cially if laryngoscopy is started at one minute, are poorer than
with succinylcholine, 1.0 mg/kg. For comparable intubating
conditions, the rocuronium dose must be increased to 1.0
mg/kg, in which case onset becomes comparable to that of suc-
cinylcholine [28]. However, duration of action is increased to
60–75 minutes. Compared with young adults, onset time and
duration of action are shorter in children and longer in the
elderly. Rocuronium duration of action may be prolonged in
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hepatic disease. Absence of renal function has only a modest
effect on rocuronium duration of action. Rocuronium is virtu-
ally devoid of cardiovascular effects, up to a dose of 1.2 mg/kg.

Rocuronium is used to facilitate tracheal intubation, in
doses varying between 0.6 and 1.2 mg/kg, depending on the
quality of intubating conditions wanted and the time one can
afford to wait until laryngoscopy. In the presence of a full stom-
ach, a high dose (>0.9 mg/kg) is preferred because onset is
rapid. Rocuronium is also used for maintenance of relaxation
by infusion at a rate of 4–8 μg · kg−1 · min−1, [26] or by bolus
doses (0.1–0.2 mg/kg every 15–30 minutes).

Long-Acting Drugs
A disparate group of compounds is characterized by a long

duration of action (>60 minutes, usually 90–120 minutes). The
older neuromuscular blocking agents, all of which have signif-
icant cardiovascular effects, fall into that category. In addition,
some newer agents, which tend not to have cardiovascular side
effects, also have a long duration of action. Representatives of
the old group are d-tubocurarine, gallamine, pancuronium,
alcuronium, and fazadinium. Doxacurium and pipecuronium
are more recent. Long-acting drugs have fallen into disfavor
not because of their side effects, but because they tend to be
associated with a high incidence of residual paralysis [29, 30].
Studies over the past 25 years or so have revealed a 30–50 per-
cent incidence of residual paralysis in the recovery room, even
with reversal agents, compared with 5–10 percent with interme-
diate blocking agents. [29, 30] Thus, long-acting drugs should
be given only to patients who are likely to have their lungs
ventilated postoperatively, and even for this indication, their
use might be associated with some drawbacks. For example,
in cardiac surgery, it was found that extubation was delayed
in patients who received pancuronium compared with rocuro-
nium [31]. In the ICU, recovery may be very long after stopping
these agents. Only the most commonly used agents, pancuro-
nium and doxacurium, are discussed here.

Pancuronium is a steroid-based molecule that does not
exhibit the redistribution phase that vecuronium and rocuro-
nium have. Elimination half-life and duration of action are thus
similar (1–2 hours). Pancuronium is eliminated in the liver and
the kidney. The ED95 is 0.07 mg/kg. Pancuronium is not rec-
ommended for tracheal intubation. Even modest doses produce
hypertension and tachycardia. Maintenance doses are 0.01–0.02
mg/kg every 30–60 minutes.

Doxacurium is a potent benzylisoquinoline compound that
depends chiefly on the kidney for its elimination. Terminal half-
life and duration of action are similar to that of pancuronium.
The ED95 is 0.025 mg/kg. Doxacurium is devoid of cardio-
vascular side effects. Because of its high potency, onset time
is extremely slow (7–10 minutes), making doxacurium useless
for tracheal intubation. Maintenance doses are 2–10 μg/kg per
hour.

R E V E R S A L AG E N T S

Extubation Criteria

After administration of neuromuscular blocking agents, recov-
ery does not occur in all muscles simultaneously. The
diaphragm is one of the first muscles to recover, and diaphrag-
matic movements can be detected relatively early. Abdominal

muscles, which are essential for cough production, recover with
a slight delay compared with the diaphragm [32]. Finally, mus-
cles of the upper airway, which are needed to keep the airway
patent, are last to recover [33]. This means that tidal volume
breathing with a tracheal tube in place is not a sufficient cri-
terion for readiness for extubation. Because the adequacy of
upper airway muscles cannot be tested when the tracheal tube
is in place, indirect measurements have to be made. It is gen-
erally agreed that a train-of-four ratio (height of fourth twitch
divided by height of first twitch) greater than 0.9 at the adduc-
tor pollicis indicates recovery of respiratory function, including
upper airway (Figure 9.1) [34]. To accelerate recovery, reversal
agents are useful. These drugs are needed only when extubation
is planned.

Anticholinesterase Agents

The acetylcholinesterase inhibitors neostigmine, edropho-
nium, and pyridostigmine may be used for reversal of nondepo-
larizing neuromuscular blockade. All three drugs inhibit acetyl-
cholinesterase, the enzyme that breaks down acetylcholine. As
a result, the excess acetylcholine present at the neuromuscu-
lar junction competes with the neuromuscular agent present at
the receptor. Such a mechanism of action implies that there is a
ceiling effect with these drugs: It is not possible to cause more
than 100 percent inhibition of the enzyme [29]. This means
that the degree of reversal produced by these drugs is limited,
even at high doses. For this reason, reversal is usually ineffec-
tive when neuromuscular blockade is too deep. Rapid return of
neuromuscular function only occurs when partial recovery is
already apparent at the adductor pollicis muscle before injec-
tion of the anticholinesterase drug. The presence of at least two,
and preferably four, responses to train-of-four stimulation is a
prerequisite for adequate and effective reversal [35].

Anticholinesterase agents have effects at all peripheral
cholinergic synapses, so parasympathomimetic effects are
expected. Severe bradycardia and asystole can be observed fol-
lowing injection of these drugs. To counteract these severe side
effects, anticholinergic, antimuscarinic agents, such as atropine
or glycopyrrolate, must be given. Neostigmine, edrophonium,
and pyridostigmine penetrate the blood–brain barrier poorly,
so they do not produce central cholinergic effects. Physostig-
mine, an anticholinergic drug that penetrates the blood–brain
barrier, is not used as a reversal agent because of its central
effects.

Neostigmine
The most commonly used reversal agent is neostigmine,

in doses of 0.04–0.05 mg/kg. Doses of more than 0.07 mg/kg
are not recommended. Peak effect is seen in 5–7 minutes [29].
Half-life is 1–2 hours, longer than the duration of action of
intermediate-duration agents, and approximately the same as
that of long-acting neuromuscular blocking drugs. Neostig-
mine should be used with the anticholinergic drugs atropine or
glycopyrrolate, in doses amounting to one-half and one-quarter
of the neostigmine dose, respectively.

Edrophonium
The recommended doses of edrophonium are 0.5–1 mg/kg.

Peak effect occurs within 2 minutes. Half-life is like that of
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neostigmine [29]. Edrophonium is less effective than neostig-
mine for relatively deep blockade (less than four twitches visible
or marked fade). The appropriate dose of atropine is 0.01 mg/kg,
regardless of edrophonium dose.

Pyridostigmine
Peak effect of pyridostigmine is 10–15 minutes. Although

the drug is as effective as neostigmine, its slow onset makes it
less popular.

Selective Binding Agents

Another mechanism, selective binding of nondepolarizing
agent molecules, has been proposed recently to accelerate recov-
ery from neuromuscular blockade.

Sugammadex
A new compound has recently been synthesized that selec-

tively binds rocuronium and, to a lesser extent, vecuronium
and pancuronium. It is a ring of eight sugars arranged in the
form of a doughnut. The rocuronium–sugammadex complex
is then excreted via the kidney. Sugammadex is still an investi-
gational drug, but studies already show that it has the potential
to overcome two major drawbacks of anticholinesterase agents
[36]. Contrary to neostigmine and other currently used reversal
agents, sugammadex is virtually free of cardiovascular effects
and it is effective even for profound blockade, provided that the
appropriate dose is given. One of its potential uses could be as
a rescue drug if tracheal intubation facilitated by rocuronium
is unsuccessful.

C L I N I C A L U S E

The recommended sequence of events for a trauma patient sus-
pected of having a full stomach is summarized in Table 9.5.

Intubation in the Emergency Setting

Neuromuscular blocking agents are used to facilitate tracheal
intubation in unstable trauma patients who require airway
management to improve oxygenation and ventilation. Large
series demonstrate that success of tracheal intubation is greatly
improved when neuromuscular blocking agents are given in
this setting [4]. However, the potential for harm is greater when
neuromuscular agents are given. If intubation and ventilation
turn out to be impossible in an anesthetized, paralyzed patient,
a lethal outcome is almost certain unless an alternative form of
airway can be obtained (e.g., laryngeal mask airway, transtra-
cheal jet ventilation, cricothyroidotomy; see Chapter 2). If intu-
bation is attempted in a mildly sedated, nonparalyzed patient,
failure means no worsening of the patient’s state. The decision
to use neuromuscular blocking agents should be made by skilled
personnel, after an adequate airway examination, and with due
consideration to possible cervical spine injuries.

First-Line Drug
In the absence of any contraindication, the drug of choice is

succinylcholine, because of its short onset and short duration of
action. The drug should be given after proper preoxygenation
and appropriate sedation. The usual dose is 1.0 mg/kg. Precu-

Table 9.5: Suggested Steps for Rapid Sequence Induction (RSI).

Time (min) Action

–3 min to 0 Preoxygenation

–3 min (optional) Precurarization (0.03 mg/kg
rocuronium or equivalent)

–1 min (optional) Small dose opioid

0 min Induction agent

At loss of consciousness Cricoid pressure
Neuromuscular blocking agent:
– succinylcholine, 1 mg/kg, if no

precurarization, or
– succinylcholine, 2 mg/kg, if

precurarization, or
– rocuronium, 1 mg/kg
No manual ventilation∗

+1 to 1.5 min (when
blockade complete)

Laryngoscopy and intubation

After tracheal intubation Release of cricoid pressure, confirm
end-tidal CO2

∗Manual ventilation of the lungs using low inflation pressures (<20 cm H2O)

is done if the patient is hypoxic or at risk for becoming hypoxic (modified

RSI).

rarization may be used, with special attention to the following:
The precurarization dose should not cause any paralysis or dis-
comfort of its own, and doses in excess of 10 percent of the
ED95 of the precurarizing agent should be avoided [37]. This
corresponds to rocuronium, 0.03 mg/kg, or equivalent. When
precurarization is used, the dose of succinylcholine should be
increased by 50–100 percent to 1.5–2 mg/kg.

Raised Intracranial Pressure
The effects of succinylcholine on intracranial pressure (ICP)

are uncertain. It appears that there is a modest increase in
ICP with succinylcholine injected without precurarization,
which has been attributed to the PCO2 increase following
fasciculations. Precurarization seems to abolish this increase.
However, it should be remembered that inadequate levels of
anesthesia, inadequate paralysis, and multiple attempts at intu-
bation are more likely to increase ICP than succinylcholine
alone.

Open Eye Injury
Succinylcholine, but not nondepolarizing agents, raises

intraocular pressure (IOP), by a few mmHg. This increase still
persists after precurarization. As with ICP, inadequate anes-
thesia or paralysis is more likely to produce increased IOP than
succinylcholine. The literature does not provide convincing evi-
dence that succinylcholine has ever been associated with loss of
an eye [38]. In open eye injuries, nondepolarizing agents are
preferred, but inadequate anesthesia and struggling to secure
the airway may be more detrimental to the patient than suc-
cinylcholine.
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Full Stomach
A rapid sequence induction with cricoid pressure is recom-

mended in patients with, or suspected of having, a full stom-
ach. Such a technique is not 100 percent effective, however, and
concerns have been raised about the ability of succinylcholine
to raise intragastric pressure (IGP). This increase is related to
fasciculations and is prevented by precurarization. However,
succinylcholine raises gastric sphincter pressure, which cancels
the IGP increase effect [39].

Burns
Receptor proliferation and succinylcholine-induced hyper-

kalemia occur 24–48 hours after injury. The extent of this phe-
nomenon depends on the degree of injury and is not prevented
by precurarization [8]. Succinylcholine is best avoided, unless
the patient is seen within the first few hours after injury.

Spinal Cord Injury
The time course of receptor proliferation in cases of cord

transsection is much the same as in burns, so succinylcholine
should be avoided unless the injury is recent. In the case of cervi-
cal injuries, fasciculations may, at least theoretically, move frac-
tured vertebral fragments against each other, so precurarization
is preferred if succinylcholine is used.

Extensive Trauma
Hyperkalemia after extensive trauma has been reported

after succinylcholine. This might be the direct consequence of
extensive muscle damage, with associated leak of potassium out
of the cells. Another mechanism for hyperkalemia is the acido-
sis commonly associated with hypovolemic shock. Both can be
exacerbated by succinylcholine.

Alternatives to Succinylcholine
If succinylcholine is contraindicated, rocuronium is the best

alternative, because it has a faster onset of action than any other
nondepolarizing agent [28]. A dose of 1 mg/kg is associated
with better intubating conditions than 0.6 mg/kg, and this dif-
ference in dose might be important in cases of increased ICP
or IOP. Duration of action of rocuronium (30–60 minutes) is
much longer than that of succinylcholine (8–10 minutes). This
is an important consideration when repeated neurologic exam-
inations are planned on the patient, as such exams cannot be
conducted in paralyzed individuals. In addition, sedation has to
be provided for the duration of paralysis. In the next few years,
the possibility of rapid reversal of rocuronium neuromuscular
blockade with sugammadex might make rocuronium the drug
of choice for intubation in trauma patients.

Intubation for Anesthesia

In trauma patients who must undergo surgery, considerations
for intubation are the same as in the emergency setting (see
Intubation in the Emergency Setting, previously). The indica-
tions for a nondepolarizing neuromuscular blocking agent can
be extended, however, because there is no possibility to assess
the neurologic status and an anesthetic has to be given for the
duration of surgery. Neuromuscular monitoring is extremely
useful, and an example of its interpretation is depicted in Figure
9.1. A thorough airway exam has to be performed to anticipate

any difficulty with intubation. Of the nondepolarizing drugs,
rocuronium has the fastest onset.

Maintenance of Neuromuscular Relaxation (Figure 9.1)

During surgery, relaxation can be maintained with any
intermediate-duration drug administered as intermittent
boluses or by infusion. The degree of relaxation required
depends on the patient and the surgical procedure, but main-
taining the train-of-four response at the adductor pollicis
between zero and two visible twitches is usually adequate. Onset
of action is usually not a concern for maintenance of relaxation,
and the doses given are much lower than the threshold for car-
diovascular effects. It is good practice to monitor signs of neu-
romuscular recovery after succinylcholine, if that drug was used
for intubation, to rule out rare cases of prolonged paralysis due
to plasma cholinesterase deficiency. The dose of nondepolariz-
ing agent does not need to be as high as for intubation, because
additional doses might be given if needed. A dose equivalent to
the ED95 might be administered.

If extubation is planned immediately after surgery or shortly
thereafter, intermediate-duration agents are preferred to long-
acting agents, because they provide flexibility of administra-
tion and a much reduced risk of postoperative paralysis [29].
If prolonged mechanical ventilation is planned after the surgi-
cal procedure, then long-acting drugs may be given. However,
should relaxation be continued in the ICU with these drugs,
recovery might be very long. For administration in the ICU,
cisatracurium has the advantages of flexibility, titratability, and
rapid recovery upon cessation of the infusion.

Recovery
Extubation should be performed only if the respiratory

muscles, including those of the upper airway, have recovered.
This occurs when the measured train-of-four ratio at the adduc-
tor pollicis is more than 0.9 [34]. It should be remembered that
visual or tactile evaluation of train-of-four responses fails to
detect residual curarization for values of the train-of-four ratio
as small as 0.3–0.4. Tetanic stimulation at 50 Hz is no better, so
substantial paralysis may be present even if the tetanic response
appears sustained [40]. Reversal with an anticholinesterase drug
is therefore indicated unless a measurement device confirms
that the train-of-four ratio is at least 0.9. Time alone is not a
guarantee of recovery. Residual paralysis may be detected even
4 hours after 2 × ED95 doses of rocuronium, atracurium, or
vecuronium [41].

Reversal with anticholinesterases should be attempted when
sufficient spontaneous recovery is present, that is, when two,
and preferably four, responses are observed after train-of-four
stimulation [35]. If paralysis is too deep, early administration
of reversal agents will not accelerate time to full recovery. In
addition, recovery will be slow, so that the duration of “blind
paralysis” will be increased. Blind paralysis occurs when visual
or manual detection of paralysis is not possible (train-of-four
ratio >0.3–0.4) but when full recovery is not attained (train-
of-four ratio ≤0.9).

C O N C LU S I O N

Neuromuscular blocking agents are extremely useful in trauma
patients who require an anesthetic. Succinylcholine is the drug
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of choice for tracheal intubation because trauma patients usu-
ally have a full stomach and a rapid sequence induction is indi-
cated. However, succinylcholine may be contraindicated as a
result of the patient’s condition or type of injury. Head, eye,
spinal cord, burn, and crushing injuries require special atten-
tion. For maintenance of relaxation and recovery, the principles
that are valid in elective patients usually apply in patients with
traumatic injuries.

M U LT I P L E C H O I C E Q U E S T I O N S

1. A classic rapid sequence induction (RSI) typically involves
all of the following except:

a. Preoxygenation
b. Rapid injection of a hypnotic drug
c. Bag and mask ventilation
d. Injection of a neuromuscular blocking agent
e. Cricoid pressure

2. If a neuromuscular blocking agent is given to a patient with
a decreased cardiac output

a. The dose should be reduced
b. The dose should be increased
c. Time to maximum blockade is expected to be short
d. Time to maximum blockade is expected to be long
e. There is no marked change in dose or onset time

3. Pharmacologic effects of succinylcholine include all of the
following except:

a. Competitive antagonism at the postsynaptic receptor
b. Depolarization of the endplate
c. Inactivation of sodium channels
d. Binding of extrajunctional receptors
e. Potassium efflux from the muscle fiber

4. Plasma cholinesterase activity is reduced in all of the fol-
lowing except:

a. In certain individuals who do not have the normal gene
for plasma cholinesterase

b. In obese individuals
c. In patients with liver disease
d. In malnourished subjects
e. In pregnant women

5. A small dose of a nondepolarizing neuromuscular blocking
agent given before succinylcholine will likely

a. Increase the duration of succinylcholine blockade
b. Abolish succinylcholine-induced hyperkalemia
c. Prevent an increase in intra-ocular pressure
d. Diminish the probability of fasciculations and post-

operative myalgia
e. Improve tracheal intubating conditions

6. The nondepolarizing neuromuscular agent with the fastest
onset time is

a. Mivacurium
b. Atracurium
c. Cisatracurium
d. Vecuronium
e. Rocuronium

7. Termination of action of rocuronium depends mainly on

a. Plasma cholinesterase
b. Nonspecific ester hydrolysis
c. Redistribution
d. Renal elimination
e. Metabolism in liver

8. A marked increase in sensitivity to nondepolarizing neuro-
muscular blocking agents is seen in

a. Burns
b. Spinal cord injury
c. Extensive trauma
d. Myasthenia gravis
e. Head injury

9. If not contraindicated, succinylcholine is the drug of choice
for tracheal intubation in trauma patients because

a. It has a fast onset and recovery
b. It is a depolarizing drug
c. It is metabolized by plasma cholinesterase
d. It has few cardiovascular effects
e. Its effect can be reversed by neostigmine

10. Neostigmine

a. Penetrates the blood–brain barrier
b. Has limited efficacy when blockade is deep
c. Produces tachycardia
d. Is more rapidly acting than edrophonium
e. Binds irreversibly to nondepolarizing neuromuscular

drugs

A N S W E R S

1. c
2. d
3. a
4. b

5. d
6. e
7. c

8. d
9. a

10. b
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A N E S T H E S I A C O N S I D E R AT I O N S F O R

A B D O M I N A L T R AU M A

William C. Wilson

Objectives
1. Review the anesthetic management of abdominal trauma, including considerations for

resuscitation, preoperative preparation, intraoperative management, and acute postoperative
care.

2. Discuss the anesthetic and surgical implications of specific abdominal organ injuries.
3. Describe the principles of nonoperative management of abdominal trauma.

I N T R O D U C T I O N

The abdomen is frequently injured following trauma, is a major
site for posttraumatic bleeding, and is difficult to evaluate and
monitor clinically. Furthermore, uncontrolled hemorrhage is
the major acute cause of death immediately following abdomi-
nal trauma; [1] therefore, patients often present to the operating
room for exploratory laparotomy following acute abdominal
trauma.

The abdomen is aptly named, having been derived from
the Latin terms abdere, “to hide,” and the termination – omen,
which may be a contraction of omentum or omen in the sense
of presage (insight was said to be gained by the ancients during
inspection of the abdominal contents). The term first appeared
in the English literature in 1541 in a translation of Galen’s “Ter-
apeutyke,” as l’abdomen [2].

This chapter describes the anesthetic management of
abdominal trauma including the resuscitation considerations,
preoperative preparation, intraoperative management, and
acute postoperative care.

A N AT O M I C C O N S I D E R AT I O N S

The mechanism of injury and wound location assists the clini-
cian in predicting the organs injured, magnitude of blood loss,
and the expected scope of surgery. The abdomen can be divided
into four anatomic compartments (Table 10.1); thoracic, peri-
toneal (true abdomen), retroperitoneal, and pelvic spaces. Clin-
ical evaluation of these spaces is difficult by physical examina-
tion alone, especially in the acute trauma patient.

The intrathoracic abdomen lies beneath the rib cage and
includes the diaphragm, liver, spleen, and stomach. Surface
anatomical landmarks demarcating the intrathoracic abdomen
include the region between the inframammary crease and
the costal margin. During exhalation (with both spontaneous
breathing and positive pressure ventilation), the diaphragm
often ascends to the third thoracic vertebra. Thus, a high asso-
ciation of intraabdominal injury occurs in patients with con-
comitant blunt or penetrating trauma to the lower chest. The
hollow viscera (stomach, small and large bowel) are almost
completely contained within the true abdomen, as is the omen-
tum, gravid uterus, and the dome of the bladder (when full
of urine). At the end of inhalation (during both spontaneous
and positive pressure ventilation), the liver and spleen are
pushed inferiorly by the diaphragm into the true abdomen.
The pelvic abdomen is surrounded by the bony pelvis. Frac-
tures and other trauma to the pelvis can injure these con-
tents (Table 10.1). The bony surroundings of the pelvis make
diagnosis of injuries difficult without additional procedures.
Pelvic fractures often result in significant retroperitoneal hem-
orrhage (see Chapter 15). The retroperitoneal abdomen con-
tains the great vessels, kidneys, ureters, pancreas, the second
and third portions of the duodenum, and some segments of the
colon. Ongoing hemorrhage (e.g. injury to great vessels, kid-
neys, etc.) or contamination from a missed injury to a hollow
viscus represent the greatest concern following injury to the
retroperitoneal structures. Aortic and caval injuries typically
present with hemorrhagic shock, whereas renal, pancreatic,
and duodenal injuries can manifest several days following the
trauma as subsequent renal insufficiency, pancreatitis, or infec-
tion.

1 5 5
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Table 10.1: Anatomic Compartments of the Abdomen, Organs Contained, Recommended Order of Diagnostic Studies
and Perioperative Considerations

Abdominal Compartment Organs Contained Diagnostic Exam Perioperative Considerations

Intrathoracic abdomen Diaphragm CXR, CT Possible thoracic injury
Liver DPL, US, CT Bleeding, coagulopathy
Spleen DPL, US, CT Bleeding, sepsis
Stomach, 1st part of

duodenum
CXR (free air), CT Peritoneal soiling

Pelvic abdomen Urethra RUG No Foley until after RUG
Bladder Cystogram Urine output may be misleading
Rectum Rectosigmoidoscopy Peritoneal soiling
Small intestine CT (with oral contrast) Increased fluid loss
Uterus, tubes, ovaries US, CT (shield if gravid) Bleeding, fetal demise, infertility (late

complication)

Retroperitoneal abdomen Great vessels Arteriogram, CT, US, Venogram Hypotension, massive bleeding,
compartment syndromes

Kidneys and ureters CT, IVP, US Urine output may be misleading
Pancreas CT Missed injury, pancreatitis
Duodenum – second

and third parts
CT (with oral contrast) Postop gastric outlet obstruction

True abdomen Small intestine CT (with oral contrast) Fluid losses, missed injury
Large intestine CT (with oral contrast) Peritoneal soiling
Gravid uterus US (avoid radiation) Fetal monitoring issues, cesarean delivery.

CXR, chest radiograph; CT, computed tomography; US, ultrasound; RUG, retrograde urethrogram; IVP, intravenous pyelogram.

C L A S S I F I C AT I O N O F I N J U R I E S

Accurate categorization of abdominal injury expedites workup
and improves intraoperative management. Categorization into
blunt versus penetrating trauma has traditionally been used for
predicting the likelihood of intraabdominal structures injured,
for determining the most appropriate diagnostic modality, and
for predicting morbidity and mortality.

Blunt Abdominal Trauma

Two types of forces are involved in blunt abdominal trauma:
compression and deceleration. Compression of the abdomi-
nal cavity against a fixed object such as a safety belt or steering
wheel results in a rapid increase in intraluminal pressure, which
can then cause bowel rupture and tears or hematomas of solid
organs. Deceleration forces cause shearing and stretching of
elements located between fixed and mobile structures. These
forces typically result in injury to the mesentery, large vessels,
and solid organ capsule, such as a liver tear at the ligamentum
teres. Solid organs, especially spleen and liver, are most com-
monly injured following blunt abdominal trauma (Table 10.2).

An increased probability of intraabdominal injury occurs
when signs of seat belt trauma are present, such as seat belt
abrasion or hematoma of the abdominal wall, or fracture of the
lumbar spine [3]. Seat belts became widely used in the 1960s
and have led to a decrease in mortality due to ejection from the
vehicle. However, the “seat belt sign” has become an indicator
that significant deceleration has occurred, with the interface
of deceleration forces occurring at the locations where the belt

contacts the patient. Ecchymosis and abrasions on the neck and
upper chest (secondary to the use of a shoulder harness) have
been associated with increased likelihood of cervical vascular
injuries [4]. In addition, the incidence of major intraabdominal
injury approaches 90 percent if the diaphragm is ruptured [5].
Major pelvic fractures are also associated with an increased risk
of intraabdominal organ and bladder injury. The incidence of
intraabdominal organ injury increases in patients with pelvic,
chest, and head injuries ranging from 40 percent with single-site
trauma to 75 percent with trauma to all three locations [6].

Patients with severe blunt trauma must have their
abdomens evaluated for injury by using an objective study
rather than physical exam alone. This is particularly true in
patients with significant competing pain and/or altered mental
status. The most common objective techniques for evaluating
the abdomen include computerized tomography (CT) scans,
“focused assessment with sonography for trauma” (FAST), and
diagnostic peritoneal lavage (DPL). In hemodynamically stable
patients, the diagnostic choices usually include CT scanning or
FAST exam [7]. When hemodynamically unstable, but no obvi-
ous indication for immediate surgery exists, the abdomen may
be initially evaluated by FAST or DPL (see section on Diagnostic
Studies).

Penetrating Abdominal Trauma

The size of the object impaling the abdomen, as well as the loca-
tion and force transmitted to the organs, determines the severity
of intraabdominal injury. Significant injury to intraabdominal
structures occurs 80–90 percent of the time following a gunshot
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Table 10.2: Frequency of Organ Injury Following Blunt and
Penetrating Abdominal Trauma

Organ Injured
Blunt

Trauma (%)
Penetrating
Trauma (%)

Liver 15 37

Spleen 25 7

Small bowel <1 26

Stomach <1 19

Colon <1 17

Vascular 2 13

Retroperitoneal hematoma 13 10

Kidney 7 4

Urinary bladder 6 <1

Mesentery and omentum 5 10

Pancreas 3 4

Diaphragm 2 5

Urethra 2 <1

Duodenum <1 2

Biliary system <1 1

wound. With stab wounds, significant intraabdominal injury
occurs only 25–35 percent of the time. The magnitude of injury
resulting from a projectile is directly related to its kinetic energy
and its composition, which affects its tendency to fragment or
yaw (Chapter 1). The incidence of organ injury with penetrat-
ing trauma is directly related to the volume occupied by the
organ. Bowel, liver, and major vascular injuries predominate
following penetrating abdominal trauma (Table 10.2). Given
the location of the diaphragm during exhalation, penetrating
injuries should be assumed to have entered the abdomen when
wound sites are at or below nipple level.

P R E H O S P I TA L C A R E

The airway is assessed for patency, and oxygen is adminis-
tered immediately on arrival of the Emergency Medical Service
(EMS). The airway must be considered first during initial eval-
uation, as loss of the airway for longer than 3–4 minutes may
result in brain injury or death. If the patient has respiratory fail-
ure, the trachea should be intubated. Maintenance of adequate
gas exchange is the fundamental responsibility of the paramedic
arriving at the scene. Airway issues and complications are sum-
marized in Table 10.3 (see Chapter 2 for a complete review of
airway issues for trauma).

Placement of two large-bore upper extremity intravenous
(IV) catheters should occur immediately after securing the air-
way. However, excessive time should not be wasted at the scene
attempting to establish IV access in the patient (see Chapter 4).
Administration of IV fluid in the form of crystalloid prior to

Table 10.3: Airway Complications to Avoid in Abdominal
Trauma

Complication Comments

Hypoxia Supplemental O2 via face mask should be
instituted quickly; failure to do so
promotes hypoxemia and worsens
prognosis.

Failure to intubate/
ventilate

Evaluate airway – if predictably difficult,
consider awake intubation (see
Chapter 2).

Esophageal
intubation

Problem of recognition, not commission.
Any ETT placed in the field must be
verified by the trauma team.

Aspiration There is increased risk of aspiration
following abdominal trauma, compelling
use of RSI. However, if the patient is both
cooperative and hemodynamically stable,
but thought to have a difficult airway,
consider awake intubation.

Hypotension Always start an IV and have fluids and
vasopressors ready prior to intubating
the trachea

Conversion of partial
into a complete
airway obstruction

Maintain spontaneous ventilation in the
stridorous patient, have surgical airway
supplies and TTJV available prior to
intubation.

Exacerbation of
cervical spine injury

With blunt abdominal trauma and
penetrating trauma with C-spine
proximity, the C-spine is immobilized
using in-line stabilization.

ETT, endotracheal tube; RSI, rapid sequence intubation; TTJV,
transtracheal jet ventilation; C-spine, cervical spine.

arrival in the operating room (OR) should proceed as necessary
to maintain a systolic blood pressure of at least 90–100 mmHg,
which ensures adequate perfusion of the major organs. How-
ever, additional crystalloid used to achieve pressures above this
range are probably not warranted prior to hemorrhage control.
Indeed, Bickell et al. [8] reported that trauma patients receiving
IV crystalloid resuscitation prior to the OR had a lower survival
than those receiving no fluid, or “delayed resuscitation” (62%
vs. 70%). Other studies assessing the utility of hypertonic saline
and colloid solutions have not demonstrated a clear benefit. See
Chapter 6 for a complete review of this topic.

After addressing the trauma patient’s airway, breathing, and
circulation (ABC), the prehospital effort is focused on minimiz-
ing the transport time. Abdominal wound care should include
placement of sterile dressings over injuries and applying direct
pressure to active bleeding sites. In the event of bowel evis-
ceration, saline soaked dressings should be used to cover the
organs to minimize evaporative losses and tissue desiccation.
Imbedded foreign bodies are not to be removed. The use of
military antishock trousers (MAST) for abdominal trauma has
been curtailed during the past decade.
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H O S P I TA L R E S U S C I TAT I O N
A N D D I AG N O S I S

Once the patient arrives at the hospital, the “primary survey” is
initiated to identify and treat life-threatening injuries (ABCDEs
as outlined by Advanced Trauma Life Support® [ATLS®]). The
next focus in the abdominal trauma patient, after ensuring
that life-threatening hemorrhage is not ongoing uncontrolled
within the abdomen, becomes identification of other abdomi-
nal injuries and decision making regarding the need for emer-
gent operation or urgent radiographic evaluation.

History and Physical Examination

Historical information is accepted from the paramedics,
police, or bystanders transporting the patient, as well as from
the patient (if conscious and lucid). Important information
includes the circumstances and mechanism of injury. Patients
with abdominal scars should be queried regarding type of prior
surgery. Patients with altered mental status should have rapid
blood glucose checked for hypoglycemia, and a trial of nalox-
one should be considered for those patients with putative signs
of opioid overdose in the setting of hypotension.

The abdominal exam proceeds in an orderly fashion, with
the recognition that abdominal findings may range from subtle
signs to overt peritoneal irritability resulting from gastric or
colonic perforation. Associated injuries can mimic peritoneal
signs, such as lower rib fractures and abdominal wall contu-
sions, or distract the patient from abdominal complaints, such
as extremity and pelvic fractures. The abdominal exam is dif-
ficult under ideal circumstances, and notoriously unreliable in
the presence of head injury, shock, hypoxia, metabolic derange-
ments, and intoxication.

Rectal and bimanual vaginal examination is important to
identify possible injury and bleeding and to assess neurogenic
tone. The Cullen sign, or periumbilical ecchymosis, and Grey–
Turner sign, or flank ecchymosis, may indicate retroperitoneal
injury, but usually takes several hours to develop. Direct abdom-
inal wall contusions and abrasions are also important and often
indicate underlying abdominal organ injuries.

Hemodynamic instability, such as persistent hypotension
despite at least two liters of crystalloid administration, during
the initial workup of abdominal trauma should trigger strong
consideration for immediate blood transfusion and transfer
to the OR for further evaluation, or exploratory laparotomy.
Hypotension and shock following trauma in a patient with a
normal chest radiograph, and without a large scalp laceration or
major extremity injury, is due to intraabdominal or retroperi-
toneal bleeding until proved otherwise. An initial cross-match
for 4–6 units of packed red blood cells should be ordered at
this time, and type O Rh-positive or negative (for women of
childbearing age) or type-specific blood should be utilized in
the meantime if needed (see Chapters 6 and 7).

Laboratory Studies

Extensive initial laboratory evaluation is unnecessary and
should be limited to a few tests. These include hematocrit, serum
chemistry, and coagulation studies. With evidence of midab-
dominal trauma, where pancreatic injury is possible, lipase and
amylase should be sent with initial studies. An arterial blood gas

should be obtained for evaluation of oxygenation, ventilation,
and tissue perfusion. If the patient is hypotensive during resus-
citation or has an admission base deficit ≤6, blood type and
screen is indicated as transfusion is likely to be required. Occult
rectal blood is assessed with a hemoccult test. Urinalysis for
detection of hematuria is also obtained. When indicated, blood
or urine ethanol and toxicology screens should be performed
for correlation with mental status.

Diagnostic Studies

Diagnostic modalities are selected on the basis of clinical infor-
mation and guidelines, including the mechanism of injury, his-
tory and physical examination, and the hemodynamic state of
the patient. A comparison of the various diagnostic studies
along with organs injured is summarized in Table 10.1.

Chest Radiograph
The chest radiograph is usually the first study performed

during the trauma resuscitation because it provides important
information for both chest and abdominal injuries. Thoracic
bowel gas, a displaced nasogastric tube, or disruption of normal
diaphragmatic contour may indicate a ruptured diaphragm.
Diaphragmatic rupture is associated with other major abdomi-
nal injuries approximately 90 percent of the time. The presence
of free air under the diaphragm following blunt trauma indi-
cates bowel perforation. Splenic injury should be suspected in
patients with left lower rib fractures, whereas patients with right
lower rib fractures are likely to have an associated liver injury
[9]. The chest radiograph should be scrutinized for pneumoth-
orax, hemothorax, pulmonary contusion, aspiration, widening
of the mediastinum, and evidence of diaphragmic rupture.

Pelvis Radiograph
A radiograph of the pelvis is used in blunt abdominal

trauma to rule out a pelvic fracture. These injuries are impor-
tant to detect as posterior element fractures are associated with
retroperitoneal hemorrhage, whereas anterior element frac-
tures are associated with genitourinary injuries. An abdomi-
nal radiograph can help in patients with penetrating trauma,
because it may delineate the trajectory and final location of the
missiles, facilitated by placement of radiopaque markers on the
wound entrance and exit sites.

Focused Abdominal Sonography for Trauma
Ultrasound is rapid, noninvasive, and sensitive for visual-

izing free intraperitoneal fluid and pericardial fluid [10]. In
the context of traumatic injury, free fluid is usually due to
hemorrhage. Ultrasound can also detect certain solid organ
injuries and is the initial imaging modality of choice for preg-
nant trauma patients [11]. Ultrasound facilitates rapid, non-
invasive, serial examinations, is cost-effective, and can be per-
formed during the resuscitation.

Although widely used for trauma in Europe in the 1970s
and 1980s, ultrasound was formally introduced in the United
States in the early 1990s as a quick and noninvasive method
to screen for intraabdominal injury after blunt trauma. Use of
ultrasound in this way has been termed the FAST [11–14]. Seven
years after the first reports in the United States on ultrasound
in trauma, 79 percent of surveyed Level I trauma centers had
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incorporated FAST examination into their trauma resuscita-
tion, and 63 percent of the remaining centers were developing
protocols to use FAST examination in the evaluation of blunt
abdominal trauma [12]. Increasing reliance on the FAST exam-
ination has resulted in decreased use of DPL and a decreased
incidence of subsequent exploratory laparoscopy/laparotomy
[13, 14]. In addition, many centers use the FAST examina-
tion as a screening tool to decrease the use of CT scanning
[15, 16]. Recently, the ATLS® Subcommittee of the American
College of Surgeons, Committee on Trauma has suggested an
increased role for FAST examination in the evaluation of sus-
pected blunt aortic injury in hemodynamically stable trauma
patients and in the initial evaluation of patients with pelvic
fractures [17].

The FAST examination surveys four anatomic areas for free
fluid: (1) perihepatic, (2) perisplenic, (3) pelvis, and (4) peri-
cardium. Despite the widespread acceptance of the FAST exam-
ination, some have questioned its utility in the evaluation of
blunt abdominal trauma because the FAST examination may
miss certain injuries [18].

Drawbacks of the FAST exam include poor visualization of
hollow structures such as bowel and organs behind air density
interfaces. Intraabdominal injuries in which there is no free
fluid, such as contained solid organ hematomas and lacera-
tions, may be missed. Important retroperitoneal bleeding may
also be difficult to detect with the FAST exam. Finally, ultra-
sound does not differentiate free intraperitoneal blood from
ascites, which may result in false positives in cirrhotics. Thus,
understanding the limitations guides decision making regard-
ing additional testing (e.g., CT scanning) or exploratory laparo-
tomy. Finally, transesophageal echocardiography (TEE) can be
particularly helpful in diagnosing pericardial, intracardiac, and
aortic lesions following abdominal-thoracic trauma [19].

Diagnostic Peritoneal Lavage
Diagnostic peritoneal lavage was introduced in 1965 and is

highly sensitive for intraabdominal injury [20]. The procedure
has largely been replaced by ultrasound because DPL is invasive
and time-consuming [21]. Furthermore, many believe DPL is
overly sensitive, thus leading to a higher percentage of nonthera-
peutic laparotomies with subsequent morbidity [22]. Table 10.4
summarizes indications, contraindications, and criteria for a
positive DPL. If the aspirate returns 5–10 cc of blood, the study
is positive. If not, 1 L of warm normal saline is infused into the
peritoneal cavity. Once in the abdomen, the bag is lowered to the
floor, allowing the intraperitoneal fluid to siphon back into the
bag. Injuries missed by DPL include diaphragmatic, retroperi-
toneal, bladder, and bowel wounds. False-positive results from
a DPL are generally related to technical errors such as iatrogenic
bleeding into the peritoneum from the DPL incision.

Computed Tomography
Computed tomography (CT) has been used to evaluate

the abdomen of hemodynamically stable trauma patients since
1981 and is particularly useful in identification of hemoperi-
toneum, solid organ, and retroperitoneal injury [23]. A com-
plete abdominal CT scan traditionally utilizes both enteral
and parenteral contrast. However, several studies reported that
omission of oral contrast medium did not jeopardize making
the essential diagnoses and significantly shortened the time to
scan [24]. Computed tomography is particularly good for the

Table 10.4: Specific Indications, Contraindications, and Positive
Values for Diagnostic Peritoneal Lavage

Indication Comments

Altered mental status Due to any source of CNS
dysfunction, including head trauma,
intoxication, hypothermia, metabolic
derangement

High-energy transfer,
but equivocal exam

High-speed MVA, fall from a height,
MCA, BCA, auto vs. pedestrian.

Multiple injuries with
unexplained shock

In the absence of head laceration,
obvious extremity deformity, or
bleeding, and the presence of a
normal CXR, bleeding is in the
abdomen until proved otherwise.

Noncontiguous or
thoracoabdominal
injuries

Abdominal hemorrhage must be
controlled prior to orthopedic
fixation, and concomitantly with
repair of head or chest injuries.

Spinal cord injury The abdominal examination is
meaningless when innervation is
severe.

Scheduled for prolonged
general anesthesia for
repair of other injuries

Inability to serially examine the
abdomen, and possibility of
confounding blood loss issues.

Contraindications (Relative)

Prior abdominal surgery
Pregnancy
Morbid obesity
Obvious need of surgery

These patients should undergo CT or
immediate operation.

Positive DPL Comments

RBC >100,000/mm3 >1,000/mm3 positive (penetrating)

WBC >500/mm3 Bloody or pink lavage also positive

Amylase >200 U/L Bile, GI contents also positive

CNS, central nervous system; MVA, motor vehicle accident; MCA,
motorcycle accident; BCA, bicycle accident; CXR, chest radiograph; CT,
computed tomography; DPL, diagnostic peritoneal lavage; RBC, red blood
cell count; WBC, white blood cell count; GI, gastrointestinal.

detection and grading of discrete injuries to liver, spleen, and
retroperitoneal structures. It is also the best technique for eval-
uating the abdomen in patients with concomitant injuries to
the chest or pelvis [25].

Drawbacks of abdominal CT include the requirement for
patient transport to the scanner, exposure to IV contrast and
radiation, relative expense, and time. Thus abdominal CT is
less suitable for unstable trauma patients and those with renal
insufficiency or contrast allergy. Abdominal CT can occasion-
ally miss injuries to the diaphragm, bowel, and mesentery. How-
ever, the newer 32- and 64-multidetector helical CT scanners
allow extremely fast scans and higher resolution. It is likely
future trauma resuscitations will involve early total body CT
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Table 10.5: Indications for Exploratory Laparotomy in
Abdominal Trauma

Unexplained hypotension or shock

Uncontrolled hemorrhage

Signs of peritonitis

Gunshot wound to abdomen

Ruptured diaphragm

Pneumoperitoneum on admission chest radiograph

Evisceration of bowel or omentum

scanning in units located within, or adjacent to, the resuscita-
tion suite.

Diagnostic Laparoscopy
Diagnostic laparoscopy (DL) provides direct visualization

of active hemorrhage and solid organ and bowel injuries in a less
invasive fashion than laparotomy. It has reduced the frequency
of negative trauma laparotomies [26]. However, DL is cumber-
some for running the small bowel and does not visualize the
dome of the liver or retroperitoneal structures. Complications
of DL include trocar misplacement with damage to bowel, blad-
der, solid organ, or vascular structures [27]. Insufflation of car-
bon dioxide may create a tension pneumothorax in the presence
of diaphragmatic tear, subcutaneous emphysema (with preperi-
toneal insufflation of gas), or intravenous gas embolism with
solid organ or venous injury. Unstable patients may not toler-
ate the pneumoperitoneum, which results in decreased venous
return and cardiac output. Furthermore, the increased airway
pressure may confound diagnosis of pneumothorax. However,
minimally invasive DL techniques involving a single 5-mm port
and minimal abdominal insufflation at 8–10 mmHg may cause
less physiologic perturbation during general anesthesia [28].
The role of laparoscopy in trauma continues to evolve as both
a diagnostic and therapeutic modality.

Exploratory Laparotomy
Exploratory laparotomy is the ultimate diagnostic modality,

and its indications for abdominal trauma are listed in Table
10.5. Additional indications include significant bleeding via the
nasogastric tube or rectum, ongoing bleeding from an unknown
source, and stab wounds with known vascular, biliary, or bowel
injury. Surgical priorities during laparotomy are as follows:

1. Locate and control hemorrhage
2. Locate bowel injuries and control fecal contamination
3. Identify injuries to other abdominal organs and struc-

tures
4. Determine whether temporizing measures are most

appropriate (i.e., damage control), or if definitive repair
of injury should occur (see Chapter 28).

Emergency Thoracotomy
An emergency resuscitative thoracotomy may be considered

for penetrating abdominal trauma patients who lose their vital

signs shortly before or after arrival to the emergency depart-
ment, or in those who present with uncontrollable hemorrhage
from the wound [29, 30]. A left anterolateral approach is used
to facilitate proximal aortic control, and open cardiac mas-
sage. Because of dismal survival rates, emergency thoracotomy
is rarely indicated for blunt trauma patients except in the case
of pericardial tamponade detected with ultrasound. See Chap-
ters 17 and 18 for further discussion of cardiothoracic trauma
considerations.

Other Diagnostic Procedures
Proctosigmoidoscopy should be performed for suspected

rectal or sigmoid colon injury and may be performed rapidly
and with minimal or no sedation. Because this is an unpre-
pared examination, visualization may be limited. Full-thickness
tears, hematomas, or sites of active arterial bleeding are indica-
tions for prompt surgical exploration. Retrograde urethrogram
should be considered for patients with pelvic fracture, symph-
ysis pubis diastasis, blood at the urethral meatus, or prostate
displacement.

A N E S T H E T I C A N D S U R G I C A L
I M P L I C AT I O N S O F S P E C I F I C
O R G A N I N J U RY

Solid Organ Injuries

The liver is the most commonly injured solid organ following
penetrating trauma and the second most commonly injured
organ following blunt trauma. Early death from abdominal
trauma most commonly results from uncontrolled hemor-
rhage, and late death is most commonly attributable to sep-
sis [31]. Clinical findings suggestive of liver injury following
blunt trauma include fractures of the right lower ribs, elevated
right hemidiaphragm, right pleural effusion, pneumothorax,
and right upper quadrant tenderness. Nonoperative manage-
ment is now the initial treatment of choice for hemodynamically
stable patients with isolated blunt liver trauma, with success
rates approaching 95 percent.

The spleen is the most commonly injured abdominal organ
following blunt trauma, and is also frequently injured following
penetrating trauma to the left thorax or abdomen. Hypotension
from hemorrhage is the most common initial finding. Splenic
injury should be suspected in patients with left lower rib frac-
tures, left upper quadrant tenderness, or left shoulder pain.
With splenic injury, there exists a significant incidence of addi-
tional intraabdominal damage following blunt or penetrating
trauma [32].

Nonoperative management is practiced for solitary splenic
injuries in hemodynamically stable patients. Splenic preser-
vation is practiced when able for both adult and pediatric
trauma, but debate exists regarding the minimal amount of
residual spleen required to confer immunity against encap-
sulated organisms. Overwhelming postsplenectomy sepsis can
occur due to loss of immune responses, and subsequent pneu-
mococcal infections carry an associated 80 percent mortal-
ity. Therefore, polyvalent pneumococcal vaccine must be given
postoperatively [33].

Blunt pancreatic injury is usually due to an anteroposterior
compression mechanism that crushes the pancreas against the
vertebral column. Physical findings include burning epigastric
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and back pain, tenderness, or ileus. Laboratory findings gener-
ally include elevated amylase and lipase. Computed tomogra-
phy is the gold standard for evaluation of pancreatic injury.

The kidney is commonly injured following deceleration
injuries and can bleed extensively into the retroperitoneal
space. Renal injury is suspected with hematuria, fractures of
lower posterolateral ribs, or flank pain and tenderness. Diag-
nosis may require ultrasound, CT, intravenous pyelogram, and
angiogram if renal vascular injury is suspected.

Hollow Organ Injuries

Injury to the stomach is commonly caused by penetrating
trauma. The most common initial finding suggestive of gastric
injury is blood via the mouth or nasogastric tube. Symptoms
include the rapid onset of epigastric pain and peritonitis due to
release of gastric contents into the peritoneum. Radiographic
findings include free air under the diaphragm on abdominal or
chest films, displaced nasogastric tube, or extravasation of oral
contrast medium.

The small bowel is the most frequently injured hollow organ
in penetrating trauma due to its relative volume, followed by
stomach, then colon. Making the diagnosis of blunt injury to
the small bowel, without exploratory laparotomy, is difficult.
Elevated amylase and alkaline phosphatase in the DPL fluid is
highly suggestive of small bowel trauma [34]. CT findings sug-
gestive of small bowel injury include bowel wall thickening, free
intraperitoneal air, free fluid without evidence of solid organ
injury, and mesenteric hematoma. Small bowel trauma may
present with only vague generalized pain, with peritonitis after
many hours. Duodenal injury may present with referred pain
to the back.

Colon injuries are common after gun shot wounds, and
less so following blunt trauma. Symptoms of bowel injury are
usually caused by spillage of intestinal contents, rather than
from blood loss. Peritonitis occurs more frequently with colon
injuries than from small bowel injuries because of the increased
bacterial contamination.

Abdominal Vascular Injuries

Patients with abdominal vascular injury usually present with
profound hemorrhagic shock. The large-bore IV catheters are
preferably located in the upper extremities to avoid fluid loss
to the abdomen. On rare occasions, the surgical incision may
need to be extended to a median sternotomy, whereafter vascu-
lar control can be obtained at the intrapericardial inferior vena
cava. Saphenous vein cutdown lines or femoral venous catheters
must not be relied on in the setting of significant intraabdom-
inal trauma, because of the possibility of inferior vena cava
injury, and/or the need for temporary clamping. This results in
a 60 percent decrease in venous return and subsequent hemo-
dynamic deterioration. Concurrent clamping of the abdominal
aorta has been suggested as a temporizing measure to maintain
perfusion pressure to the brain and heart.

Retroperitoneal Injuries

The retroperitoneum is a hidden area of the abdomen, not
readily evaluated by physical exam or DPL. Major retroperi-
toneal structures include the great vessels, pancreas, kidneys

and ureters, and the second and third portions of the duode-
num. When trauma to this area is likely, CT should be used for
evaluation. Retroperitoneal hematoma formation from active
pelvic bleeding may require external fixation or angiography to
evaluate and treat with embolization [24].

Rupture of the Diaphragm

Diaphragmatic rupture is seen in 2–3 percent of patients with
blunt abdominal trauma. Left hemidiaphragm rupture occurs
in 70–75 percent of injuries, presumably due to the protec-
tive effect of the underlying liver on the right. The diagno-
sis of diaphragmatic rupture can be made on radiographs by
finding a displaced nasogastric tube, interruption of the nor-
mal diaphragmatic contours, and intrathoracic displacement
of (normally) intraabdominal contents. When the chest radio-
graph is taken during mechanical ventilation, the abdominal
contents may revert to near-normal position, thus masking the
injury. Diagnostic peritoneal lavage is unreliable for diagnosis,
although drainage of peritoneal lavage fluid via thoracostomy
tube is definitive. A delay in diagnosis of diaphragmatic tear
contributes significantly to morbidity and mortality, and gas-
tric herniation places the patient at increased risk of aspiration.

Pregnancy

Trauma is the leading cause of nonobstetric death in women
between the ages of 14 and 44 years (see Chapter 26). Fetal
injury and death following blunt and penetrating abdominal
trauma is common, as the gravid uterus displaces viscera and
acts as a shield. Aggressive maternal resuscitation remains the
best chance for fetal survival. Indeed, the major cause of fetal
death is maternal death. The fetal mortality approaches 80 per-
cent in cases of maternal shock [35, 36]. When the mother
survives, the major cause of fetal death is complete (6–66% of
cases) or incomplete (30–80% of cases) placental separation
[37]. Other common causes of fetal demise and peripartum
hemorrhage include uterine rupture, direct trauma to the fetus,
amniotic fluid embolis, and disseminated intravascular coagu-
lation (DIC).

Ultrasound should be performed as soon as possible to
detect trauma to the uteroplacental unit, which may lead to
fetal-maternal hemorrhage and alloimmunization of an Rh-
negative mother against an Rh-positive fetus. A Kleihauer–
Betke test should be performed if this type of injury is suspected,
and Rh immune gamma globulin should be administered.

Another potential injury is amniotic fluid embolus, which
may lead to cardiopulmonary arrest, inflammation, and over-
whelming DIC. Under these circumstances, cesarean delivery
should be performed as soon as possible. Limited data are
available to support postmortem cesarean delivery in pregnant
trauma patients suffering a cardiac arrest for hypovolemic shock
[38]. Postmortem cesarean delivery has been occasionally suc-
cessful if performed within 5–10 minutes of maternal death for
causes other than hypovolemic traumatic shock [39].

If cardiac arrest occurs in the first half of gestation, the pur-
pose of cardiopulmonary resuscitation (CPR) is to resuscitate
the mother; delivery of the fetus in this period of gestation may
not improve the mother’s chances of survival. However, after
24 weeks of pregnancy there are data to suggest that delivery
may improve maternal survival [40–42].
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An extensive literature review by Katz suggests that a patient
beyond 24 weeks gestation cannot be resuscitated without deliv-
ery [43]. He suggested that the delivery be called perimortem
cesarean delivery and emphasized its urgency. The data in this
article support the “Four Minute Rule.” The cesarean deliv-
ery should be started within four minutes of cardiopulmonary
arrest and the baby delivered by the fifth minute (see Chap-
ter 26).

C O M B I N E D I N J U R I E S

Abdomen and Head Injuries

Abdominal evaluation in patients with severe head injury and
hemodynamic instability is best accomplished by FAST exam
or DPL [44]. The decision to proceed with immediate laparo-
tomy in the unstable patient with head injury can be based
on these results [45]. If free intraperitoneal blood is detected,
intraabdominal injury is assumed. After laparotomy, the stabi-
lized patient may then undergo head CT. However, immediate
head CT scan should precede laparotomy for patients demon-
strating signs of herniation and flexor or extensor posturing
and who respond to initial resuscitation [46]. The helical CT
scan allows a combined head, chest, and abdomen CT scan to be
obtained in about ten minutes. If both the head and abdomen
CT demonstrates an operable lesion, then cranial and abdom-
inal operations should occur concomitantly.

Abdomen and Chest Injuries

Life-threatening hemorrhage is common in major thoracoab-
dominal trauma. Resistant hypoxemia from rib fractures, chest
wall and pulmonary contusions may necessitate tracheal intu-
bation and mechanical ventilation. The unreliability of physi-
cal examination, thoracostomy output, and prediction of bullet
trajectory must be kept in mind. Intraoperative clues of ongo-
ing hemorrhage, such as occult intercostal artery laceration,
retroperitoneal hemorrhage, and other causes outside of the
operative field must be sought when patients experience unex-
plained deterioration.

Abdomen and Pelvic Fracture or Extremity Injuries

The chief concerns in concomitant pelvic, extremity, and
abdominal injuries are that of persistent retroperitoneal hem-
orrhage and increased risk of deep venous thrombosis [47, 48].
The presence of abdominal pain or tenderness is associated
with a higher incidence of intraabdominal injury. The lack of
these findings, however, does not preclude injury in the pres-
ence of concomitant extraabdominal injury with competing
pain [49]. Thus, definitive investigation with abdominal CT,
DPL, or laparotomy is necessary to rule out intraabdominal
injury in these patients. Hypotension in the patient with pelvic
fractures should trigger consideration for retroperitoneal hem-
orrhage, suggesting the employment of a pelvic binder, and
the possible need for angiographic evaluation and treatment.
Furthermore, blood loss in these patients may be significant
and despite initially normal hematocrits, requiring early trans-
fusion.

P R E PA R AT I O N F O R A N E S T H E S I A
A N D S U R G E RY

Much of the preparation for surgery may have already been
completed during the initial hospital resuscitation and workup
of the abdominal trauma patient. However, the anesthesiologist
may enter the resuscitation or evaluation process at any stage
and must verify that all of the important work performed up to
that point has been done correctly, including a survey of ABCs,
IV access, laboratory data, cardiopulmonary monitoring, and
positioning issues.

Establishing or Confirming Presence
of Definitive Airway

Establishing or confirming a definitive airway is the first pri-
ority. Rapid sequence induction and intubation is generally
indicated. However, as noted in Table 10.3, for patients with
anatomic, pathologic, or historical indicators of difficult intu-
bation, consideration should be given for “awake” intubation,
preferably utilizing a fiberoptic bronchoscope. The fiberop-
tic bronchoscope can be safely used for intubation even in
patients with full stomachs following trauma. Indeed, one study
described 108 consecutively intubated patients at high risk for
aspiration by using an awake fiberoptic technique without a
single case of aspiration [50].

Intravenous Access

At least two large-bore peripheral IV catheters must be estab-
lished and secured (see Chapter 4). Catheters are preferably
located in venous systems that drain into the superior vena cava.
Avoid femoral or saphenous venous catheters in patients with
significant abdominal trauma. The utility of catheters draining
into the inferior vena cava may be compromised should the
inferior vena cava be clamped or packed during the surgical
procedure. However, in extremis, access is established wher-
ever possible. In addition, placement of a large-bore (e.g., 9
French) cordis introducer in the internal jugular vein is helpful
for both volume administration and central venous pressure
monitoring. Placement of a pulmonary artery catheter should
be considered only in patients with cardiopulmonary pathology
making central venous pressure a poor indication of intravas-
cular volume status (e.g., pulmonary hypertension and/or left
ventricular failure).

Evaluation of Preoperative Volume Status

A quick evaluation of the patient’s volume status can be made
by measuring the blood pressure and heart rate, palpating the
peripheral pulse, and assessing skin color and turgor and the
quality of mucous membranes. Systolic pressure variation is a
technique for gauging intravascular volume status that many
anesthesiologists find very useful in trauma management (see
Chapter 5). Arterial blood pressure has long been known to
decrease with positive pressure ventilation. The systolic pres-
sure variability method of quantifying these changes directly
correlates with intravascular depletion and fluid responsiveness
in both animal experiments and clinical studies [51].



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-10 CUFX276-Smith-v2 May 12, 2008 17:23

A N E S T H E S I A C O N S I D E R A T I O N S F O R A B D O M I N A L T R A U M A ■ 1 6 3

Review of Available Lab and Radiographic Data

All laboratory data should be rechecked. Electrolyte imbal-
ances, such as hypo- or hyperkalemia and acidosis, should be
addressed and/or rechecked if lab error is suspected. The chest
and cervical spine radiographs should be reviewed by the anes-
thesiologist prior to induction. The presence of rib fractures,
hemopneumothorax, and spine fractures should all be consid-
ered in the determination of anesthetic technique, monitoring,
and postoperative plans for the traumatized patient.

Monitoring for Major Abdominal Injury

Monitoring for major abdominal injury includes Standard
American Society of Anesthesiologists monitoring, as well as
arterial and central venous access. Ability to monitor exhaled
gas CO2 and nitrogen concentration is necessary for screening
of air emboli. General monitoring issues for trauma resuscita-
tion are covered in Chapter 5.

Positioning for Abdominal Trauma Surgery

The supine position with arms out is best for venous and arterial
access, and heated forced air upper blanket placement. How-
ever, if all the lines are already in place, the arms can be tucked,
thereby improving surgical access for upper abdomen explo-
ration. The spatial needs of special retractors should be consid-
ered. Padding of dependent body parts is required to minimize
hypoperfusion and pressure-induced tissue ischemia. These
issues must be worked out between the surgical, anesthetic,
and nursing teams prior to the patient’s OR arrival to minimize
conflict, misunderstanding, and surgical delay.

I N D U C T I O N A N D M A I N T E N A N C E
O F A N E S T H E S I A

The goals for anesthetic management of the abdominal trauma
patient are summarized in Table 10.6. Besides physiologic stabil-
ity, analgesia and amnesia should be provided once the patient’s
hemodynamic status becomes stable enough to tolerate anes-
thetic drugs. A discussion of general anesthesia and regional
anesthetic considerations for trauma involving other anatomic
regions is provided in other chapters in this book. This section
focuses on the issues most relevant to abdominal trauma.

General Anesthesia for Abdominal Trauma

Hypotension at induction of anesthesia for trauma is a com-
mon and important complication to avoid. Peri-induction
hypotension can be triggered by numerous processes directly
attributable to anesthesia, including (1) the suppression of
endogenous catecholamines that serve to elevate systemic blood
pressure despite significant hypovolemia, (2) direct myocardial
depressant effects and/or vasodilator effects of certain induc-
tion drugs, and (3) the initiation of positive pressure ventilation
that drives down PaCO2, and can itself impair cardiac output.

Immediately following induction, the abdominal incision
itself can cause hypotension by release of tamponaded abdomi-
nal bleeding; this occasionally results in a torrent of abdominal

Table 10.6: Goals of General Anesthesia for Abdominal Trauma

1. Reestablish and maintain normal hemodynamics
a. For hypotension, fluids first, then vasopressors
b. Frequent evaluation of base deficit, hematocrit, urinary

output
c. Titration of additional anesthetics if robust BP

2. Maximize surgical exposure and minimize bowel edema
a. Limit fluids according to needs
b. Limit blood loss by allowing anesthetic catch-up
c. Muscle relaxation should be optimized
d. Nasogastric or orogastric tube to decompress bowel
e. Avoid N2O (if necessary, use only briefly)

3. Limit hypothermia
a. Monitor core temperature
b. Warm IV fluids and blood
c. Keep patient covered and room warm (>28◦C)
d. Apply convective warming blanket

4. Help limit blood loss and coagulopathy
a. Encourage surgeon to stop and pack if blood loss excessive
b. Frequently monitor hematocrit, ionized Ca, coagulation

studies
c. Provide calcium for large citrated product administration
d. Administer plasma, platelets, cryoprecipitate, and Factor VIIa

as clinically indicated.
5. Limit complications to other systems

a. Monitor intracranial pressure, maintain cerebral perfusion
pressure >70 mmHg

b. Monitor peak airway pressures and tidal volumes. Be vigilant
for pneumothorax

c. Measure urine output
d. Monitor peripheral pulses

hemorrhage. Thus, the patient’s abdomen should be prepped
from the sternal notch to below the knees, and draped prior to
induction, and the surgeons should be gowned and ready with
scalpel in hand during induction of anesthesia in an actively
hemorrhaging patient.

Induction Principles
It is frequently stated that “more soldiers were killed in

World War II by thiopental than by bullets.” Indeed, Halford
wrote a compelling negative critique of pentothal to that effect
following the Japanese attack of Pearl Harbor (see Chapter 8).
However, in the same edition of Anesthesiology, Adams and Gray
presented a case, with an accompanying editorial, clarifying that
it is not necessarily the drug, but rather the dose that leads to
lethality in the traumatized patient [52]. In balance, massively
traumatized patients should not receive propofol, thiopental,
or other drugs with negative inotropic or vasodilator properties
for induction.

Comatose patients, those in severe shock, and especially
those in complete cardiopulmonary arrest on admission,
require nothing more than oxygen and possibly a neuromus-
cular blocking drug until the patient’s blood pressure and heart
rate rebound enough so that anesthetics can be added. Awake
traumatized patients demonstrating signs of hypovolemia are
generally best induced with etomidate, 0.1–0.2 mg/kg, because
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thiopental and propofol may cause profound hypotension in
hypovolemic patients [53].

Maintenance
Sedative and amnesic drugs should be titrated into the

patient as blood pressure allows, because the provision of oxy-
gen and neuromuscular relaxants alone can result in recall [54].
Anesthesia can be maintained with inhalational vapors or with
intravenous drugs such as propofol, with opioid supplementa-
tion as necessary.

All of the induction drugs mentioned above could be
used as IV maintenance. However, repeated doses or pro-
longed infusions of etomidate will cause adrenal suppression.
Trauma patients with hemorrhagic shock too severe to tolerate
anesthetic drugs (other than neuromuscular blockade) should
receive scopolamine as an amnesic. Later, benzodiazepines or
propofol can be titrated in for amnesia [55]. However, there is
no particular requirement for total IV anesthesia for abdomi-
nal trauma, and inhaled drugs are typically less expensive and
possess equally satisfactory anesthetic results (as long as nitrous
oxide is avoided).

All volatile anesthetics produce dose-dependent depression
of myocardial contractility. Desflurane, isoflurane, and sevoflu-
rane maintain cardiac output better than older agents such as
enflurane or halothane, mainly through a peripheral vasodila-
tory effect. Whereas, halothane maintains blood pressure bet-
ter at the same minimal alveolar concentration (MAC) level
of either isoflurane or enflurane [56], there are no absolute
contraindications of any volatile drug for abdominal trauma.
Yet, halothane and sevoflurane have been occasionally avoided
due to a theoretical potential for liver and renal injury, respec-
tively. Nitrous oxide (N2O) should be avoided to limit bowel
and closed-space gas accumulation.

Halothane has very infrequently been associated with the
development of fulminant hepatitis. The National Halothane
Study conducted in the 1960s found that halothane was not
associated with hepatic injury more frequently than other
anesthetics [57]. However, abdominal trauma patients with
preexisting liver disease or hepatic injury constitute a special
group. Halothane is known to decrease hepatic blood flow to
a far greater degree than any other inhaled drug. Conversely,
isoflurane increases hepatic artery blood flow at both 1 and 2
MAC and, in our opinion, is the maintenance drug of choice
for trauma patients with liver dysfunction [58]. Additionally,
halothane is arrhythmogenic in higher concentrations, partic-
ularly in the setting of concomitant hypercarbia and high-dose
epinephrine (as can occasionally occur in trauma resuscitation).
Thus, it is best to avoid halothane in abdominal trauma, as hep-
atic blood flow may already be compromised by hypotension,
ischemia, and direct hepatic injury.

Sevoflurane reacts with carbon dioxide absorbents to pro-
duce “compound A.” Because of concern about the potential
nephrotoxicity of compound A, sevoflurane was not released
in the United States until 1995, four years after release in
Japan, with a package insert warning to use fresh gas flow rates
≥2 L/min. Despite this concern, sevoflurane has been used
safely since 1991 in Japan without significant nephrotoxicity.
Although nephrotoxicity was demonstrated in rats, investiga-
tors have been unable to demonstrate significant renal injury
following low-flow sevoflurane in humans [59]. Recently, more
sensitive tests of renal injury have demonstrated compound A

associated renal injury. One study demonstrated that 1.25 MAC
sevoflurane plus compound A produced dose-related injury to
glomeruli and tubules [60]. Due to the possibility of renal toxi-
city resulting from sevoflurane and the high risk of hypotension
and toxin exposure (e.g., aminoglycosides, IV contrast, rhab-
domyolysis) with abdominal trauma, sevoflurane is probably
best reserved for brief periods of administration in the multi-
ply injured trauma patient. Because recovery from anesthesia
has been shown to proceed slightly faster with desflurane than
with sevoflurane, [61] the former agent may be preferred when
rapid wakeup is considered beneficial.

The routine use of N2O is discouraged in abdominal
trauma because N2O will preferentially fill gas-containing
structures, such as pneumothorax, pneumocephalus, obs-
tructed bowel, and so on, causing these structures to expand.
Gas-containing structures expand because the blood:gas par-
tition coefficient of N2O is thirty-four times greater than that
of nitrogen. Thus, the capacity of the blood to bring N2O to
gas-containing structures is greater than its capacity to remove
nitrogen. Nitrous oxide can support combustion and should
be avoided if electrocautery is used near any distended segment
of bowel containing gas. In patients with solitary abdominal or
extremity injuries, N2O can be used during the last 15–30 min-
utes to promote rapid awakening and resumption of protective
reflexes. However, in patients so severely injured that postoper-
ative extubation is not anticipated, there is no benefit to the use
of N2O. Furthermore, when there is a risk of pneumocephalus
or pneumothorax, N2O should be avoided all together.

Neuraxial Regional Anesthesia and Abdominal Trauma

Spinal and epidural anesthesia is contraindicated in the unstable
abdominal trauma patient because it is impractical (the patient
may not be able to assume the lateral or sitting position for drug
placement), takes time to set up, and can result in several dele-
terious side effects, such as sympathectomy-mediated hypoten-
sion, local anesthetic-induced seizures, total spinal anesthesia,
or cardiac arrest. Indeed, in World War I, neuraxial blockade
was frequently employed, causing Admiral Sir Gordon Taylor
to proclaim spinal anesthesia to be “the best form of euthana-
sia” he knew for war injuries. However, regional techniques
have merit in stable trauma patients with extremity injuries, as
discussed in Chapter 31.

A D J U N C T I V E M A N AG E M E N T
A N D C O M P L I C AT I O N S

Administration of Shed Abdominal Blood

The use of salvaged blood from abdominal trauma was pre-
viously considered a contraindication because of the possibil-
ity of bacterial or fecal contamination. However, several stud-
ies have demonstrated the safety and efficacy of transfusing
intraabdominally salvaged blood, under certain circumstances
[62, 63]. For noncontaminated intraabdominal blood involv-
ing liver, spleen, or retroperitoneal injury from stab wounds,
cell saver devices are used at many trauma centers.

Massive Transfusion

Adverse consequences of massive transfusion are discussed
in Chapter 7 and include coagulopathy, hypothermia,
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hypocalcemia, hyperkalemia, and hemolysis [64, 65]. Non-
survivors of penetrating trauma who received massive volume
replacement are more likely to be hypothermic, acidotic, and
coagulopathic than survivors [66]. Indeed, massive transfu-
sion is the most important predictor of coagulopathy following
abdominal trauma. The likelihood of coagulopathy (prothrom-
bin time [PT] or partial thromboplastin time [PTT] equal to
or greater than twice normal) following massive transfusion in
seriously injured patients is predicted by persistent hypother-
mia, acidosis, hypotension, and Injury Severity Score (ISS).
With all four risk factors (pH ≤7.10, temperature ≤34◦C,
systolic blood pressure ≥70 mmHg, ISS ≥25), 98 percent of
patients will develop a life-threatening coagulopathy [67].

Thermal Management

Hypothermia is a major comorbidity of trauma and is discussed
in Chapter 29. Besides the loss of heat from radiation (exposure)
and conduction (cool IV infusions), evaporation and convec-
tion (exposed abdominal surfaces), redistribution of warm core
blood to periphery from impaired autoregulation occurs in the
setting of drug use and spinal cord injury. Furthermore, phar-
macologic paralysis prevents normal heat production mecha-
nisms (e.g. shivering), and vasodilating anesthetic agents impair
heat conservation mechanisms (e.g. vasoconstriction).

Hypothermia affects the platelet coagulation process, pro-
motes platelet sequestration, reduces drug metabolism, and
induces vasoconstriction. Combined hypothermia and acido-
sis reflect a decrease in cardiac output and tissue perfusion.
The hypothermic myocardium is susceptible to ectopy, espe-
cially ventricular dysrhythmias. Many studies have identified
hypothermia as a factor associated with increased morbidity
and mortality in severely injured patients [68, 69]. Interest-
ingly, moderate hypothermia (35.5–34.5◦C) is neuroprotective
and may be tolerated in certain conditions, especially when
clinical manifestations of bleeding are absent [70].

Neuromuscular Blockade (see also Chapter 9)

As with all patients undergoing abdominal surgery, muscle
relaxation facilitates exposure during exploratory laparotomy
for trauma. Accordingly, neuromuscular relaxants should be
routinely used in these patients. Reversal of neuromuscular
blockade is generally not required in patients expected to be
mechanically ventilated for several hours or days following
abdominal trauma surgery. Rocuronium is often used in trauma
patients due to its rapid onset, and vecuronium is often used
due to its minimal effects upon the hemodynamic system. No
particular neuromuscular blockade drugs are contraindicated
in abdominal trauma, unless hepatic or renal insufficiency is
present (see Chapter 9), in which case cisatracurium is favored
because of its nonhepatic and nonrenal elimination properties.
Due to potential histamine release, atracurium, mivacurium,
curare, and metocurine are generally avoided in hypotensive
patients [71].

Acid-Base Management

Acid-base status is measured via arterial blood gas, and the
derived base deficit is useful in guiding resuscitative efforts.
Acidosis impairs myocardial contractility in response to both

endogenous and exogenous catecholamines. However, the oxy-
hemoglobin disassociation curve is shifted rightward by acido-
sis, thereby improving oxygen delivery to tissues. Lactic acidosis
should be treated with fluid replacement. Although controver-
sial, most physicians would treat pH ≤7.10 with sodium bicar-
bonate and temporary hyperventilation.

Antibiotics

Preoperative antibiotic therapy in the patients with intraab-
dominal injury begins with broad-spectrum coverage of both
gram-positive and gram-negative bacteria, especially anaer-
obes and enterobacteriacea. A third or fourth generation
cephalosporin in combination with metronidazole is recom-
mended by the American College of Surgeons. A single preop-
erative dose of an appropriate antibiotic is adequate prophylaxis
for penetrating and blunt abdominal injuries. Postoperative
antibiotics should be reserved for late (>12 hours postinjury)
operations and for enteric perforations.

If the patient has sustained gross spillage of gut contents,
or has received a massive transfusion, antibiotics should be
repeated more frequently. The optimal duration of treatment
under these circumstances is not well established [72]. Data
suggest that, in high-risk penetrating colonic trauma, 24 hours
of broad-spectrum antibiotics is as efficacious as 5 days of ther-
apy [73]. Fever and leukocytosis are imprecise indicators of the
need for continued postoperative antibiotic administration in
the severely traumatized patient.

Polyvalent pneumococcal vaccine given early after splenec-
tomy substantially reduces the incidence of overwhelming post-
splenectomy sepsis [74]. Some advocate waiting two weeks
following the trauma prior to its administration, because post-
operative elevated stress hormones may attenuate the immuno-
logic response. Administration of additional vaccines against
Neisseria meningitidis and Hemophilus influenzae should be
considered, as these organisms, like Streptococcus pneumoniae,
are encapsulated and difficult to combat in the asplenic patient.
Others administer the polyvalent pneumococcal vaccine early
to decrease the risk of the patient being inadvertently discharged
prior to having been vaccinated at all. Tetanus prophylaxis must
be considered in every trauma patient, but especially those with
contaminated wounds or perforated bowel injuries [75].

Other Intraoperative Complications

The trauma anesthesiologist must maintain increased vigi-
lance for delayed presentation of occult complications such as
intrathoracic, retroperitoneal, and extremity bleeding, as well
as diaphragmatic rupture, tension pneumothorax, pericardial
tamponade, intracranial bleeding, and increasing intracranial
pressure. Additional considerations in patients with signifi-
cant abdominal trauma include the possible development of
a venous air embolism, most often resulting from pulmonary
vascular or hepatobiliary injury. Minimizing the risk of this
potentially lethal complication requires maintenance of ade-
quate intravascular volume and vigilance for the early signs of
venous air embolism; including hypotension, changes in capno-
graph waveform, such as a sudden decreased end-tidal CO2

concentration, or an increased end-tidal nitrogen concentra-
tion.
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C O N S I D E R AT I O N S R E L AT E D T O T H E
S U R G I C A L A P P R OAC H

Standard Approach to Exploratory Laporatomy

The trauma anesthesiologist should understand the standard
surgical approach to anticipate problems and monitor progress
of the case. The standard exploratory abdominal incision is
midline, extending from the xyphoid process to the pubic sym-
physis. Following entry into the peritoneal cavity, the small
bowel is evacuated, and the abdomen is divided into four quad-
rants and packed with lap pads. The first priorities are to stop
hemorrhage and control contamination; then, each quadrant
is explored sequentially. The next priority is to suture closed
any major contaminating visceral tears. Having accomplished
these primary aims, a more thorough evaluation of each organ is
undertaken, and specific injuries are sought and repaired. If the
patient becomes hemodynamically unstable or has hemorrhage
that is difficult to control, the area is packed again, and anes-
thetic “catch up” is allowed, with infusion of blood products
and/or pressors if necessary. In certain very unstable patients,
“damage control” can be achieved at the initial operation (see
Chapter 28), with later return to the OR for staged repair.

Pringle Maneuver

Complex hepatic injuries (Grades III to V) generally require
temporary portal triad occlusion (Pringle maneuver) to gain
operative visibility and vascular control. The Pringle maneu-
ver involves isolation and control of the hepatic inflow vessels,
including occlusion of the hepatic artery, portal vein, and com-
mon bile duct. The Pringle maneuver is used to stem the rapid
loss of blood, allowing the surgeon to then expose and ligate
lacerated vessels and bile ducts. Hemodynamic changes asso-
ciated with the Pringle maneuver reflect decreased right heart
venous return. If abdominal bleeding is not controlled with
packing and the Pringle maneuver, this usually reflects damage
to the retrohepatic vena cava or hepatic vein, which will require
isolation and control of both the supra- and infrahepatic vena
cava.

Atrial-Caval Shunt Placement

In certain situations, such as massive retrohepatic injury, a shunt
may be placed between the infrahepatic vena cava to the right
atrium in an effort to bypass the injury. To place an atrial-caval
shunt, a right thoracotomy or median sternotomy is required.
Typically the abdominal incision is extended to a median ster-
notomy. The shunt is placed through the right atrial appendage
into the inferior vena cava distal to the hepatic region, but supe-
rior to the renal veins [76]. The danger of venous air embolism
always exists with hepatic trauma and repair. Most bleeding
hepatic injuries, including blunt retrohepatic caval injuries, can
be managed with precise surgical packing.

Damage Control, Anesthetic “Catch-Up,”
and Planned Reoperation

“Damage control” is the term applied to abbreviated oper-
ations in unstable, severely injured patients with metabolic
derangements (coagulopathy, hypothermia, and acidosis) in
whom prolonged initial operations would be dangerous [68].

The initial surgery is abbreviated to allow aggressive correction
of metabolic derangements before definitive reconstruction of
bowel injuries. Shorter operative times have been associated
with increased survival and decreased morbidity, despite defer-
ment of definitive organ repairs [77, 78]. The damage-control
concept is not new. Indeed, many surgeons and anesthesiol-
ogists have advocated abbreviated procedures for years, espe-
cially following hepatic injuries [79]. However, it is now being
more rigorously employed. Hirshberg and Mattox have orga-
nized the concept of damage-control surgery into three phases:
initial control, stabilization, and delayed reconstruction [80].

The initial damage control period involves rapid temporary
cessation of bleeding and hollow visceral spillage. Occasionally,
this period will alternate between brief epochs of operative ther-
apy abbreviated with periods of anesthetic catch-up, where tem-
porary packing occurs while the patient’s intravascular volume
is restored, allowing subsequent emergency control procedures
to be performed. Following initial control of vascular bleed-
ing and bowel spillage, temporary abdominal closure occurs.
Some patients have so much bowel edema from resuscitation
that the fascia cannot be approximated without the interposi-
tion of a sterile plastic or silastic closure (which is removed at
later reoperation) [81].

The stabilization period is typically carried out in the inten-
sive care unit (ICU). After transport to the ICU, the focus
is on continued fluid resuscitation, aggressive warming mea-
sures, control of coagulopathic bleeding (thrombocytopenia,
decreased factor levels, hypothermia), and normalization of
acidosis. Reoperation generally occurs in 24–72 hours. Provi-
sional abdominal packing is associated with increased morbid-
ity and mortality when the duration of packing exceeds 72 hours
[82]. Complications include abscess formation and sepsis due to
residual foreign body fragments, necrotic tissue, blood, and/or
bile. Other complications include adult respiratory distress syn-
drome, jaundice, hepatorenal syndrome, DIC, bile peritonitis,
and postoperative hemorrhage. During the delayed reconstruc-
tion, primary repair of bowel injuries, definitive survey of addi-
tional injuries, and copious abdominal irrigation occurs.

N O N O P E R AT I V E M A N AG E M E N T

The trend of nonoperative management of liver injuries stems
from the experience that bleeding often stops by the time of
laparotomy in many patients with solitary liver injuries (with
arterial extravasation) due to the natural hemostatic qualities of
the liver parenchyma. Providing that patients are hemodynami-
cally stable and without other intraabdominal injuries requiring
laparotomy, nonoperative management is usually successful.
One study reported 70 of 72 (97%) of liver injuries following
blunt abdominal trauma were successfully managed nonoper-
atively [83]. When CT demonstrates extravisation of contrast,
angiographic embolization of bleeding vessels can supplement
non-operative management.

Nonoperative management of the spleen occurs for simi-
lar reasons. Additionally, overwhelming postsplenectomy sepsis
and increased risk of gram-positive infections places increased
emphasis on splenic conservation. The benefits derived from
nonoperative management of splenic trauma must be bal-
anced by the potential risk of transfusion-related bacterial and
viral diseases. Laparoscopic blood salvage for transfusion may
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further shift the balance toward splenic salvage [84].
Laparoscopy not only enables examination of the spleen, but
also salvage of intraperitoneal blood for transfusion. Interest-
ingly, nonoperative management is now being advocated for
rupture of the diseased spleen, as the combination of splenec-
tomy and immunosuppression renders these patients particu-
larly susceptible to sepsis [85].

When multiple solid organs are injured, exploratory laparo-
tomy should be considered even in hemodynamically stable
patients. Bowel injury is more than twice as common with two
solid organ injuries and 6.7 times more likely with three solid
organ injuries compared with a solitary solid organ injury [86].

P O S T O P E R AT I V E I C U C O N S I D E R AT I O N S

Postoperative ICU considerations include monitoring for and
prevention of ongoing bleeding and shock, coagulopathy,
hypothermia, abdominal compartment syndrome, acute lung
injury, deep venous thrombosis and pulmonary emboli, and
sepsis. In addition, nutrition in the form of early enteral feed-
ing should be initiated.

Abdominal Compartment Syndrome

Abdominal compartment syndrome is a condition of increased
intraabdominal pressure usually due to bowel and intersti-
tial tissue edema following trauma in patients with shock and
massive fluid resuscitation [87]. The increased intraabdom-
inal pressure results in impairment of circulation, decreased
tissue perfusion, and organ dysfunction (cardiovascular, renal,
gut, pulmonary) [88]. The tense abdomen leads to increased
peak airway pressures, hypercarbia, and oliguria. Decreased
thoracic venous return, with decreased cardiac output and
decreased renal function due to hypoperfusion, are components
of the syndrome. In addition, increased intraabdominal pres-
sure causes decreased tidal volume, increased ventilatory pres-
sures, and increased atelectasis. Increased intraabdominal pres-
sure can also cause venous hypertension and elevate intracranial
pressure.

Abdominal compartment pressures may be monitored by
attaching an indwelling Foley catheter to a pressure transducer,
leveled to the symphysis pubis, inserting 100 ml of sterile saline
and measuring the subsequent pressure [89]. Pressures greater
than 20–25 mmHg accompanied with organ failure require
decompression [90]. Normal postoperative abdominal pressure
is 0–5 mmHg. At pressures greater than 10 mmHg, hepatic arte-
rial blood flow decreases, at 15 mmHg cardiovascular changes
occur, at 15–25 mmHg oliguria occurs, with anuria occurring at
pressures between 30 and 40 mmHg [88]. These patients require
emergency decompressive laparotomy to relieve the symptoms.
However, opening the abdomen results in a rapid decrease in
intraabdominal pressure with a resultant reperfusion syndrome
that can lead to hypotension and asystole unless proper prepa-
ration occurs [91].

Preparation for decompression of abdominal compartment
syndrome involves maneuvers similar to those taken immedi-
ately prior to clamp removal during a thoracic aortic aneurysm
repair: (1) intravascular volume is increased, (2) dopamine
or other vasopressors are in line and running, (3) acidosis is
treated with sodium bicarbonate, and (4) preparation is com-

pleted to increase minute ventilation and transiently decrease
peak end-expiratory pressure (PEEP) and driving pressure. The
increased minute ventilation is necessary to eliminate CO2 from
released lactate from the gut and from administered bicar-
bonate. Calcium chloride is administered to protect against
increased potassium washed out from the gut. Calcium is also
useful to bolster the transient hypocalcemia following sodium
bicarbonate administration. Morris et al. [91] recommend two
liters of normal saline, with 50 g mannitol and 50 mEq sodium
bicarbonate per liter IV prior to abdominal wall release.

Deep Venous Thrombosis: Screening, Prophylaxis,
and Therapy

The prevalence of deep venous thrombosis in trauma patients
was determined in a prospective study in which serial
impedance plethysmography and lower-extremity contrast
venography was used [92]. Lower-extremity deep venous
thrombosis was found in 201 of 349 (58%) patients, and 18
percent were proximal. Despite routine prophylaxis, trauma
patients remain at increased risk for venous thromboem-
bolism. A 5-year retrospective review of pulmonary embolism
by Schackford et al. [93] identified four high-risk groups on
the basis of injury. Head injuries, spinal cord injuries, complex
pelvic fractures, and hip fractures accounted for 92 percent of
pulmonary emboli in patients on the trauma service. Prophy-
lactic vena cava filters were found to be efficacious in decreasing
the likelihood of pulmonary embolism in the high-risk trauma
patients. In addition, subcutaneous heparin, early mobiliza-
tion, venous compression stockings, and sequential compres-
sion devices should all be considered as well to reduce risk of
deep venous thrombosis.

Sepsis

Postoperative sepsis can occur from peritoneal soiling, pro-
longed tracheal intubation, intravascular lines, and preinjury
pneumonia. Bacteremias can be classified as early onset, occur-
ring within 96 hours after trauma, and late onset, appearing
after 96 hours following trauma [94]. Gram-positive cocci are
isolated more frequently in early-onset bacteremias. In addi-
tion, the risk of early-onset bacteremia is increased by the pres-
ence of pulmonary contusion, aspiration pneumonia, and with
high magnitude of abdominal injuries. Intravascular catheters
and endotracheal tubes do not appear to represent risk factors
for early-onset bacteremia, but did increase the risk of late-
onset bacteremia, especially when mechanical ventilation was
required for more than seven days.

Late Complications

Complications following surgical procedures for abdominal
trauma carry high mortality and morbidity rates. Risk factors
include missed injuries, anastomotic breakdown with peritoni-
tis, wound infection or dehiscence, bowel ischemia or obstruc-
tion, and abscess or fistula formation. Missed injuries are associ-
ated with serious morbidity following abdominal trauma [95].
One study reviewed missed injuries following trauma to the
torso, and the most common presentation was delayed hemor-
rhage, with the colon, thoracic vasculature, chest wall arteries,
and diaphragm the most frequently involved sites. Half of the
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injuries were overlooked during the diagnostic workup, and
half were missed during surgery [96].

Stress ulceration may occur as a result of decreased gastric
blood flow and subsequent loss of protective mucous, and has
been shown to occur in up to 20 percent of ICU patients. Acid
damage to exposed submucosal structures can lead to gastri-
tis, ulceration, and frank hemorrhage. Proton pump inhibition,
histamine-2 receptor antagonism, and topical agents that bind
to exposed mucosa should be considered to avoid this compli-
cation.

Pulmonary complications, such as pneumonia, aspiration
pneumonitis, and adult respiratory distress syndrome, are com-
mon postoperatively in the critically injured patient, as is sep-
sis. Additional considerations with abdominal trauma include
bacterial translocation due to splanchnic hypoperfusion and
ischemia, and liver damage resulting in decreased metabolic
efficacy and decreased clotting factor production.

S U M M A RY

The management of patients with abdominal trauma has
become more complex, but also safer, with the improved
imaging capabilities available to the clinician. In patients with
abdominal trauma accompanied with significant intraabdom-
inal hemorrhage and hypotension, consider an awake prepara-
tion, with surgeons gowned, gloved, and ready to incise prior
to rapid sequence induction. The most hemodynamically sta-
ble anesthetic agents available should be used to manage these
patients. Prior to surgery the presence and patency of at least
two large-bore intravenous catheters, which drain into the supe-
rior vena cava, should be ensured. For combined thoracic and
abdominal trauma one catheter above the diaphragm and one
below may be prudent.

A cell saver autotransfusion device should be used with
significant hemoperitoneum in the absence of fecal contami-
nation. Early consideration should be given to damage control
and planned, staged, reoperation when extended periods of
hemorrhagic shock accompany surgery.

The abdominal compartment syndrome requires careful
hemodynamic monitoring and emergent decompression. Post-
decompression release of lactate and subsequent hemodynamic
compromise should be anticipated. Subsequent staged closure
of the abdomen can occur after the patient’s bowel edema
resolves.

M U LT I P L E C H O I C E Q U E S T I O N S

1. The number one cause of early death following abdominal
trauma is:

a. Missed hollow viscous injury
b. Uncontrolled hemorrhage
c. Abdominal sepsis
d. Missed solid organ injury

2. There is increased risk of intraabdominal injury when each
of the following is present except:

a. Seat belt abrasion/hematoma
b. Fracture of lumbar spine

c. Gastric bubble in left chest on chest radiograph
d. Open extremity fractures

3. Of the following options, the least objective examination of
the abdomen is:

a. Computerized tomography of the abdomen
b. Serial physical examinations of the abdomen
c. Diagnostic peritoneal lavage (DPL)
d. Focused Assessment with Sonography for Trauma

(FAST)

4. Compared with FAST, the DPL is:

a. More sensitive
b. Less able to differentiate ascites from blood
c. Less invasive
d. More operator dependent

5. Patients with abdominal trauma are at increased risk of
aspiration; accordingly, which of the following statements
is also correct?

a. Rapid sequence induction and intubation is always indi-
cated following abdominal trauma.

b. Hemodynamically stable and cooperative patients with
anatomic, pathologic, or historical indications of diffi-
cult intubation are candidates for an awake intubation
technique.

c. Fiberoptic intubation techniques are contraindicated in
abdominal trauma patients due to the excessively high
aspiration rate.

6. Initial intravenous access following abdominal trauma is
most satisfactorily achieved by placing:

a. Two large-bore IVs in the lower extremities
b. One large-bore IV in an upper extremity and one in a

lower extremity
c. Two large-bore IVs in upper extremities

7. Hypotension following induction of anesthesia in the
abdominal trauma patient can occur due to:

a. Suppression of endogenous catecholamines by the induc-
tion drug

b. Direct myocardial depression of vasodilation of the
induction drug

c. Initiation of positive pressure ventilation
d. Abdominal incision can release tamponade effect of

abdominal hemorrhage
e. All of the above

8. Which of the following statements is true regarding the
appropriateness of volatile anesthetic drugs for abdominal
trauma.

a. Although halothane is not associated with increased he-
patic injury compared with the others, it should be
avoided in patients with known liver injury or preex-
isting liver dysfunction.
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b. Sevoflurane can cause nephrotoxicity in rats and has been
shown to commonly impair renal function in trauma
patients.

c. The routine use of N2O in trauma patients is acceptable,
as long as a nasogastric tube is in place.

9. Which of the following statements best illustrates the use
of cell saver in anesthetized patients following abdominal
trauma?

a. Always contraindicated
b. Safe and effective except in the case of biliary system

injury
c. Safe and effective in the absence of injury to the urinary

tract
d. Safe and effective except in the setting of microbial con-

tamination following injury to hollow visceral structures
(e.g., stomach or colon perforation)

10. Venous air embolism can occur following trauma to the
following structure(s):

a. Lungs
b. Liver
c. Vena cava
d. Other large vessels
e. All of the Above

A N S W E R S

1. b
2. d
3. b
4. a

5. b
6. c
7. e

8. a
9. d

10. e
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H E A D T R AU M A – A N E S T H E T I C

C O N S I D E R AT I O N S A N D M A N A G E M E N T

Paul Tenenbein, M. Sean Kincaid, and Arthur M. Lam

Objectives
1. Review the pathophysiology of traumatic brain injury.
2. Summarize the systemic manifestations of acute traumatic brain injury.
3. Review the current guidelines regarding management of traumatic brain injury.
4. Discuss the anesthetic management of traumatic brain injury and the potential complications.

I N T R O D U C T I O N

Traumatic brain injury (TBI) imposes a significant burden on
society, the presence of which is the primary determinant in
quality of outcome following trauma [1]. With respect to age,
it occurs in a bimodal fashion. Young persons between 15 and
24 years suffer head injuries in motor vehicles and violence,
especially in association with alcohol use. Older persons, par-
ticularly those older than 75 years, suffer from an increased
frequency of falls leading to head injury. It is estimated that 1.6
million head injuries occur annually in the United States with
250,000 patients requiring hospitalization [2, 3]. The results
of these injuries include 60,000 deaths and 70,000–90,000 per-
manent neurologic disabilities [2, 4]. It is estimated that $100
billion is spent annually in the United States alone providing
care for these individuals. Primary prevention is essential to
decrease the burden of this problem. But for those who do sus-
tain TBI, there is much we can do to provide the best possible
care for these patients. Although the Brain Trauma Foundation
has provided guidelines for the management of severe traumatic
brain injury (www.braintrauma.org), there are still many insti-
tutional differences in the care these patients receive, potentially
affecting outcome [5]. Anesthesiologists are involved in the care
of these patients in many different settings, including the initial
resuscitation in the emergency department, anesthetic manage-
ment in the operating room, and ongoing care in the intensive
care unit. These areas will therefore be covered in this chapter.

PAT H O P H Y S I O L O G Y

Traumatic brain injuries can be divided into two major stages.
The injury that occurs at the scene of the accident is the pri-

mary injury. Unfortunately, we are not able to reverse the dam-
age done by this injury, but we recognize the injury and treat
its consequences. The primary injury may be focal or diffuse;
it may include skull fractures, vascular injuries, subdural and
epidural hemorrhage, subarachnoid hemorrhage, and injury to
the brain parenchyma, such as contusions and diffuse axonal
injury. In the Traumatic Coma Data Bank series, mortality was
39 percent with focal lesions and 24 percent with diffuse lesions
[6]. Secondary injury can occur anytime after the primary event,
and potentially preventable causes include systemic hypoten-
sion, hypoxemia, hypercapnia, and hyperthermia. The patho-
physiologic mechanisms may involve inflammation, reperfu-
sion, superoxide production, excitotoxic amino acid release,
with subsequent necrosis and apoptosis; these mechanisms are
not preventable at this point [1].

P R I M A RY I N J U RY

Skull Fractures

Skull fractures may or may not be associated with intracranial
lesions, but their presence should increase one’s index of suspi-
cion for underlying brain injury [7]. These fractures are some-
times dealt with acutely when they are depressed (the outer
table of the fracture lies below the inner table of the skull).
Open fractures include those with deep scalp lacerations and
fractures extending into the sinuses. They require early surgery
to decrease the incidence of meningitis [8].

Subdural Hematoma

Subdural hematomas are the most common focal intracra-
nial lesion and were present in 24 percent of patients in the
Traumatic Coma Data Bank series [6]. They have the highest

1 7 2
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Figure 11.1. Computed tomography showing an acute subdural hema-
toma.

mortality rate of all lesions , which is likely due to the associated
brain injury and decrease in cerebral blood flow that accompany
these lesions [9, 10]. The hematoma is located between the brain
and the dura and has a crescent shape (see Figure 11.1). It is usu-
ally caused by tearing of the bridging veins connecting the cere-
bral cortex and dural sinuses from acceleration-deceleration as
in motor vehicle crashes. The characteristics of the hematoma
that affect outcome include: hematoma thickness, magnitude of
midline shift, and associated contusions and edema. Outcome
worsens as the amount of midline shift exceeds the thickness
of the hematoma [11, 12]. The management of these lesions is
immediate surgical decompression, which has been shown to
improve outcome [13].

Epidural Hematoma

Epidural hematomas are less common and were present in 6
percent of patients in the Traumatic Coma Data Bank series
[6]. They generally have a better prognosis than subdural
hematomas with the main determinant of outcome being
preoperative neurologic status [14]. Epidural hematomas are
biconvex and are located between the dura and skull (Figure
11.2). The usual etiology is a torn middle meningeal artery,
but the blood may also come from a skull fracture or bridg-
ing veins. The classic presentation includes a lucid interval fol-
lowed by neurologic deterioration and coma [15]. Treatment
is prompt surgical decompression when the following criteria
are met: more than 30 mL for supratentorial and more than
10 mL for infratentorial hematomas, thickness of more than 15
mm, midline shift of more than 5 mm, or the presence of other
intracranial lesions [16, 17]. Expectant management with close
observation is acceptable for small lesions.

Figure 11.2. Computed tomography showing an acute epidural hema-
toma.

Cerebral Hematoma and Contusion

A cerebral hematoma is a collection of blood within the brain
parenchyma. Its appearance on head computed tomography
(CT) may be delayed for up to 24 to 48 hours, and as such
is said to blossom over time. In fact 19 percent of patients
in one series had a delayed presentation. Symptom onset is
usually heralded by deterioration in neurologic status [18].
Determinants of outcome include Glasgow Coma Scale score
(GCS), the presence of hypoxia, and hematoma volume [19].
Surgical treatment may be necessary to control intracranial
hypertension. A novel approach to patients with spontaneous
intracerebral hemorrhage using recombinant activated Factor
VII has recently been shown beneficial in some patients, [20]
but not confirmed in an expanded series. Moreover, the results
of this study should not be generalized to traumatic hematomas.
Contusions are areas of brain parenchyma with necrosis, hem-
orrhage, and infarct (see Figure 11.3). Cerebral blood flow as
measured by xenon CT has been shown to be depressed in
and around these lesions; it may be below ischemic thresholds
[21]. This finding has been confirmed using the newer positron
emission tomography technology [22]. Management of cere-
bral hematomas remains controversial, but surgical evacuation
with or without decompressive craniectomy may be indicated
if intracranial hypertension is refractory to medical treatment.

Diffuse Injury

Diffuse injury is caused by sudden deceleration or rotational
forces, leading to widespread cellular and axonal injury. Unlike
the other lesions, the best diagnostic test for this injury is
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Figure 11.3. Computed tomography showing a cerebral contusion.

magnetic resonance imaging and not CT (see Figure 11.4)
[23]. This injury is sometimes referred to as diffuse axonal
injury (DAI), which is more accurately a pathologic diagno-
sis. DAI causes downstream deafferentation and disconnection
in the brainstem leading to coma [24]. It is classified into three
categories: (1) mild DAI, coma of 6 to 24 hours; (2) mod-
erate DAI, coma of more than 24 hours without decerebrate
posturing; and (3) severe DAI, coma of more than 24 hours with
decerebrate posturing or flaccidity. Severe DAI has a 50 percent
mortality [25].

Figure 11.4. Example of shear injury on magnetic resonance imaging.

Table 11.1: Contributing Risk Factors to Secondary Brain Injury

Cerebral Factors
Increased intracranial pressure
Expanding mass lesions
Hypercapnia
Hypoxemia
Venous obstruction (cervical collar, poor positioning)
Systemic hypotension (compensatory cerebral vasodilation)
Excessive hyperventilation
Posttraumatic vasospasm (in patients with traumatic subarachnoid

hemorrhage)
Seizures

Systemic Factors
Hypotension
Hypoxemia
Anemia
Hypovolemia
Hyperglycemia
Hyponatremia
Hypo-osmolar state
Coagulopathy

S E C O N DA RY I N J U RY

Secondary injury occurs after the initial injury, due to a number
of insults, which may or may not be preventable. It has been
shown to be a powerful predictor of outcome and deserves our
attention; it has also been the subject of several investigations
attempting to improve the outcome of patients with TBI [26,
27]. Much of our intervention in both the operating room and
intensive care unit is directed at minimizing further damage to
neural tissue caused by secondary injury (see Table 11.1).

I N I T I A L R E S U S C I TAT I O N

The approach to patients with a TBI should be similar in
any victim of trauma and is reviewed in Chapters 2 through
7. Specifically, the first priority is assessment of the ABCDs
following Advanced Trauma Life Support principles taught by
the American College of Surgeons Committee on Trauma.

A I RWAY A N D B R E AT H I N G

Airway and breathing are of paramount importance in any crit-
ically ill patient, but even more so in patients with head injuries,
given the sensitivity of the brain to hypoxemia and both hyper-
and hypocarbia. Controversy exists concerning the appropri-
ateness for rapid sequence intubation in the field by paramedics.
Studies showing both improved and worsened outcome com-
pared with matched controls exist [28–30]. Level of training
and experience with advanced airway management techniques,
including use of drugs, often determines the success or failure of
airway management techniques in the field. It is clear, however,
that hypoxemia and hypercarbia must be avoided. If the patient
arrives in the emergency department tracheally intubated, one
must confirm proper placement of the endotracheal tube with
a carbon dioxide detector. If the patient is not tracheally
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intubated, immediate attention should focus on assessing the
airway and making preparations for intubation (see Chap-
ter 2). Patients with severe TBI usually have several indica-
tions for intubation including: decreased level of consciousness,
increased risk of aspiration, and concern for hypoxemia and
hypercarbia. Sometimes patients with TBI must be intubated
and sedated simply to allow further diagnostic studies.

Several considerations must be kept in mind prior to intu-
bating patients with TBI including the skill and expertise of the
physician. Patients with TBI have a 5–6 percent incidence of
an unstable cervical spine injury [31, 32]. Risk factors include
a motor vehicle accident and a GCS less than 8. Therefore, all
attempts at intubation should include in-line neck stabilization
to decrease the chance of worsening a neurologic injury [33].
This maneuver may worsen the view of the glottis, making intu-
bation more difficult [34]. Therefore, one must always have a
backup plan and device in mind when performing an emer-
gency intubation, including but not limited to laryngeal masks
and fiberoptic or video laryngoscopy technology. Patients with
TBI should generally be intubated orally and not nasally because
of the potential risk of intracranial migration of the endotra-
cheal tube through a basal skull fracture defect. A surgical airway
remains a viable and appropriate option in the setting of severe
facial and neck trauma.

Another concern is for aspiration of stomach contents. Even
though cricoid pressure may theoretically displace cervical frac-
tures and its benefit has never been proved in the trauma pop-
ulation, it is routinely done during rapid sequence induction
and intubation [35, 36].

Another important consideration is the choice of drugs to
facilitate intubation (see Chapters 8 and 9). Hypotension is
extremely detrimental to the injured brain, as discussed pre-
viously, while hypertension may increase intracranial pressure
(ICP), worsening cerebral ischemia and causing cerebral her-
niation. Therefore, the choice of drugs must be tailored to each
individual patient. Sodium thiopental in a dose of 3–6 mg/kg
is a useful drug in euvolemic hemodynamically stable patients.
This drug decreases cerebral blood flow (CBF) through its effect
on cerebral metabolic rate (CMRO2), thereby decreasing ICP
[37, 38]. However, it can cause severe hypotension, particu-
larly in a hypovolemic patient [39]. Propofol has similar effects.
Another choice to facilitate intubation is etomidate in doses of
0.2–0.3 mg/kg. This drug also decreases CMRO2 and CBF but
has less effect on blood pressure [40, 41]. Care must be taken
in the acutely unstable patient with the administration of any
potent sedative hypnotic drug, as even etomidate can produce
hypotension. Another drug that is useful to blunt the effects
of laryngoscopy and intubation on ICP is lidocaine. In doses
of 1.5 mg/kg, this drug decreases ICP with minimal hemo-
dynamic effects [42]. Finally, the choice of muscle relaxant is
somewhat controversial. Administering muscle relaxants pre-
vents coughing and the resultant spikes of ICP, [43] so those
practitioners experienced with these drugs should use them.
The main choice is between succinylcholine and rocuronium,
the two agents with the fastest onset (see Chapter 9). Rocuro-
nium, with its intermediate duration of action, may preclude
neurologic examination for the next 60–90 minutes. As well,
one must be able to manage the airway for that length of time
should there be problems with tracheal intubation. The main
argument against the use of succinylcholine in patients with
TBI is the potential increase in ICP [44]. However, Kovarik
et al. studied the effects of this drug in ventilated neurologically

injured patients and observed no increase in ICP or cerebral
blood flow velocity [45]. The detrimental effects of hypoxemia
and hypercarbia are clearly the most important to avoid, often
making succinylcholine the preferred agent. The initial venti-
lation parameters should include 100 percent oxygen; arterial
carbon dioxide should be maintained in the low normal range
(35 mmHg). Ventilation strategy will be discussed further in
the section on management.

C I R C U L AT I O N

The goal of resuscitation in any trauma patient is to estab-
lish adequate circulation so that organ perfusion may be main-
tained. In the setting of TBI, a common misconception has
been propagated that the patient should be run dry in order to
minimize cerebral edema. Given the overwhelming evidence of
harm from hypotension, this notion has been rejected [26]. Iso-
tonic intravenous fluid should be administered as necessary to
restore intravascular volume and avoid hypotension. The goal
is to maintain cerebral perfusion pressure (CPP = mean arte-
rial blood pressure – ICP) in the range of 60 to 70 mmHg,
as recommended by the updated guidelines from the Brain
Trauma Foundation in 2003 (see http://www.braintrauma.org/
site/PageServer). In the 2007 Guidelines this threshold has been
revised to 60 mmHg. Hypotonic fluids should be avoided, how-
ever (see Table 11.2). Hypertonic fluids, such as 3 percent saline,
may be useful in this setting, although there is insufficient evi-
dence to justify their routine use. Vasopressors and inotropes
may be needed after fluid resuscitation to achieve the desired
CPP. They should be used judiciously, as they are thought to
increase the incidence of acute respiratory distress syndrome
(ARDS) [46]. At times, they may need to be used during the
resuscitation to maintain an adequate CPP while restoration of
intravascular volume is ongoing. In the absence of ICP moni-
toring but with known TBI, MAP should be maintained in the
70 to 80 mmHg range. This recommendation is based on the
assumption that ICP is between 10 and 20 mmHg.

N E U R O L O G I C E X A M

It is important to determine the neurologic status of all patients
suffering from a traumatic brain injury. The standard method
for quantifying neurologic status is the GCS first described
by Teasdale and Jennett [47]. This test is useful because of its
simplicity and it provides important information used in mak-
ing management decisions [48]. It also provides prognostic
information [49]. The test is based on three parameters: eye
opening, vocal response, and motor response (see Table 11.3).
A score of 13–15 is considered mild head injury, 9–12 is a moder-
ate head injury, and 3–8 is a severe head injury. The score should
be calculated once the patient has been resuscitated and is nor-
motensive. The status of the pupils should also be obtained.
The presence of a unilateral dilated pupil suggests transtento-
rial herniation and is a surgical emergency, while the presence
of dilated pupils bilaterally portends a dismal prognosis [50].

M O N I T O R I N G

Computed Tomography

Computed tomography has become essential in the diagnosis
and management of head-injured patients. Most often patients
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Table 11.2: Intravenous Fluids

Fluids
Osmolality
(mOsm/kg)

Oncotic Pressure
(mmHg)

Na+

(mEq/L)
Cl−

(mEq/L)
K+

(mEq/L)
Ca2+/Mg2+

(mEq/L)
Glucose

(g/L)

Plasma∗ 289 21 141 103 4–5 5/2

Crystalloid

0.9% saline 308 0 154 154

0.45% saline 154 0 77 77

3% saline 1,030 0 515 515

7.5% saline 2,400 0 1,200 1,200

Lactated Ringer’s 273 0 130 109 4 3/0

D5 LR 527 0 130 109 4 3/0 50

D5W∗ 252 0 50

D5 saline∗ 586 0 154 154 50

D5 0.45% saline∗ 406 0 77 77 50

Normosol/Plasmalyte 294 0 140 98 5 0/3

Mannitol (20%) 1098 0

Colloid

Hetastarch (6%) 310 31 154 154

Albumin (5%) 290 19

Plasmanate 270–300 ? 145 100 0.25

LR, lactated Ringer’s; D5W, 5% dextrose in water. Na, sodium; Cl, chloride; K, potassium; Ca, calcium; Mg, magnesium.
∗Osmolality of dextrose solutions decreases as glucose enters the cells.

will have serial exams in the first 24 hours after injury to doc-
ument either lesion stability or extension of injury. CT scan
classification of injury patterns is based on the work of Mar-
shall and colleagues [51] who classified lesions into six groups
[51]. In diffuse injury I, there is no evidence of intracranial
pathology. In diffuse injury II, the basal cisterns are patent and
there is a midline shift of 0–5 mm. In addition there are no high
or mixed density lesions larger than 25 cc. Diffuse injury III is
characterized by a midline shift of 0–5 mm with compression
of the basal cisterns and no high or mixed density lesions larger
than 25 cc. In diffuse injury IV there is more than 5 mm of mid-
line shift with compression or absence of the basal cisterns and
no high or mixed density lesions larger than 25 cc. There are

also categories for evacuated lesions and mass lesions of more
than 25 cc. This classification scheme also provides prognostic
information.

Intracranial Pressure Monitoring

Intracranial pressure monitoring has now become standard
in patients with severe TBI even in the absence of evidence
demonstrating an outcome benefit of this monitor. Treatment
guidelines, including those of the Brain Trauma Foundation,
base therapy on CPP, which requires a knowledge of ICP [52].
Because ICP monitoring has become the standard of care, it is
unlikely that a randomized trial assessing its benefit will occur.

Table 11.3: Glasgow Coma Scale (GCS) Score

Eye Opening Verbal Response Motor Response

Spontaneous 4 Oriented 5 Obeys commands 6

To speech 3 Confused 4 Localizes to pain 5

To pain 2 Inappropriate 3 Withdraws to pain 4

None 1 Incomprehensible 2 Flexes to pain 3

None 1 Extends to pain 2

None 1
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Table 11.4: Indications for Intracranial Pressure (ICP)
Monitoring

Strong Indication Severe head injury (GCS ≤8) with
abnormal CT scan of head

Severe head injury, normal head CT, with
at least two of the following:

■ Age ≥40 years
■ Motor posturing
■ Systolic blood pressure ≤90 mmHg

Possible Indication Head injury and unable to follow
neurologic exam due to:

■ Tracheal intubation and deep sedation
or paralysis

■ Immediate non-neurosurgical
procedure necessary

GCS, Glasgow coma scale score; CT: computed tomography.

An ICP monitor is recommended in all patients with a GCS
less than 8 and an abnormal head CT on admission (see Table
11.4) [53]. Based on the work by Narayan and colleagues 53–63
percent of these patients will suffer from intracranial hyperten-
sion [54]. Patients with a GCS less than 8 and exhibiting two
of the following three characteristics – age more than 40 years,
motor posturing, or systolic blood pressure less than 90 mmHg
– should also be monitored. Patients with mild or moderate
head injuries can usually be managed without ICP monitoring
if serial clinical examinations are feasible. A group of patients
that deserve special consideration are those patients who will be
anesthetized for a prolonged period of time (>2 hours). Inva-
sive measurement of ICP may be appropriate in those patients
with only mild to moderate TBI. Intracranial hematomas and
cerebral edema may appear or worsen after the initial CT scan
for up to 48 hours after the injury; frequent neurologic examina-
tions or continuous ICP monitoring seems particularly justified
in this time period [55, 56]. Cases should be individualized and
discussed with the neurosurgical service prior to surgery.

There are different techniques for monitoring ICP (see Fig-
ure 11.5). The gold standard is an intraventricular catheter. As
this catheter is connected to an external pressure transducer,
it can be recalibrated as necessary to maintain its accuracy.
In addition, it allows therapeutic intervention for intracranial
hypertension through drainage of CSF. Its main disadvantage
is an increased risk of infection. Another commonly used mon-
itor is a fiberoptic catheter placed in the brain parenchyma.
This system is relatively easy to insert and is associated with
fewer complications. Whereas the ventricular catheter with the
external pressure transducer can be recalibrated as necessary,
the parenchymal ICP monitor is calibrated prior to insertion
without the possibility of further recalibration. As a result, drift
impairs the accuracy of this type of monitor over time. Other
types of ICP monitors include epidural systems and subarach-
noid bolts. These monitors are thought to be less accurate than
the ventricular catheter and the parenchymal fiberoptic moni-
tor, and are used infrequently.

The normal upper limit of ICP is 10–15 mmHg and most
authorities recommend treatment when the ICP exceeds 20–
25 mmHg. Specific therapies to decrease ICP will be discussed
later. The ICP tracing has normal variability over the course

Figure 11.5. Different modalities to monitor intracranial pressure.

of the cardiac cycle. Prolonged elevation in ICP is pathologic,
however. One type of ICP elevation, termed the A wave or delta
wave, deserves special consideration. Originally described by
Lundberg and then studied by Rosner and Becker, this wave is
a large increase in ICP to 60–80 mmHg lasting 5 to 20 minutes
[57, 58]. It usually portends an ominous outcome. The inciting
event is a drop in CPP that causes the autoregulatory mechanism
to induce cerebral vasodilation. This response increases cere-
bral blood volume and ICP, and thus further compromises CPP.
Treatment of A waves includes improving intracranial compli-
ance, increasing CPP, and avoiding stimuli that either increase
ICP or lower blood pressure.

Jugular Venous Oxygenation

A jugular venous bulb catheter with continuous oximetry mea-
sures the saturation of the venous drainage from the brain
(SjvO2). Inadequate perfusion increases the oxygen extraction
ratio in the brain and causes a drop in SjvO2. On the other hand,
a non-functioning brain extracting little oxygen will result in a
high SjvO2 value. An SjvO2 below 50 percent or higher than 75
percent has been associated with poor prognosis [59, 60]. Such
catheters are particularly useful in TBI when a measure such as
hyperventilation, which reduces global CBF without reducing
cerebral metabolic rate, is used. In addition, lactate levels on
blood samples drawn from this catheter can reveal anaerobic
metabolism in the brain if they show a higher lactate level than
that in arterial blood drawn simultaneously. The limitation of
the jugular bulb catheter is that it only offers insight into the
global balance of cerebral blood flow and metabolism. SjvO2

values can be in the normal range despite small regional areas
of ongoing ischemia.

Brain Tissue Oxygenation

Some intraparenchymal catheters may combine ICP monitor-
ing with a miniature Clark-type electrode to measure brain
tissue oxygenation (tPO2). This monitor provides a continu-
ous measurement of oxygen tension in the brain parenchyma,
which reflects the local balance between supply and demand
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of oxygen. Doppenberg et al. [61] showed a close correlation
between tPO2 and CBF, finding that a tPO2 of 26 mmHg was
approximately equivalent to a CBF at the ischemic threshold
of 18 mL/100 g/min. Zauner et al. [62] showed that tPO2 of
approximately 39 mmHg correlated with a good outcome and
19 mmHg with a bad outcome, offering some guidance for
therapeutic interventions. The best method for intervening for
a low tPO2 has not been established, however. Presumably any
intervention that increases CBF, decreases CMRO2, or increases
the oxygen content of blood would improve tPO2. Such inter-
ventions include raising CPP, using sedative drugs to suppress
CMRO2, or raising hematocrit. Due to the limited amount of
oxygen that is dissolved in the blood apart from hemoglobin,
increasing the PaO2 alone would not be expected to raise tPO2.
Paradoxically, increasing FiO2 frequently does raise tPO2, and
is often deployed, even when the saturation of hemoglobin is
already at or near 100 percent. This effect is difficult to explain,
and adds uncertainty to the value of this monitor .

M A N AG E M E N T P R I N C I P L E S

Intracranial Pressure and Cerebral Perfusion
Pressure (ICP/CPP)

Intracranial hypertension predisposes patients to poor out-
comes [63–65]. The main goal for patients with TBI is to control
ICP and provide an appropriate CPP, defined as MAP – ICP;
many techniques are available to shift this balance in a favorable
direction (see Table 11.5). Some controversy exists regarding
what constitutes the optimal ICP and CPP. Prior recommen-
dations were to maintain the CPP at 70 mmHg or above and
to lower ICP when it exceeded 20–25 mmHg [66, 67]. Subse-
quently CPP goals were redefined to be kept between 60 mmHg
and 70 mmHg, as aggressive attempts to raise CPP beyond 70
mmHg increase the incidence of ARDS [46, 68]. Another recent
source recommends a CPP of 50 mmHg [1].

Table 11.5: Methods for Controlling Intracranial Pressure

Cerebrospinal fluid
(CSF)

Mannitol or other hypertonic solution
External CSF drainage
■ Ventricular catheter
■ Lumbar drain
■ VP or VA shunt
■ Serial lumbar punctures

Brain Mannitol or hypertonic saline
■ ± furosemide
Decompressive craniectomy
Resection of contusion or other mass

lesion

Blood volume Mannitol
Hyperventilation
Hypothermia
Head elevation, neutral neck position
Deep propofol or barbiturate sedation
■ ± paralysis
Control of seizures

VP, ventriculoperitoneal shunt; VA, ventriculoatrial shunt.

Osmotic Therapy

Reduction of ICP in patients with head injuries can be accom-
plished effectively by using osmotic diuretics. Mannitol is the
most commonly used agent and is available for intravenous
administration in either a 20 or 25 percent solution. Common
dosages range from 0.25 to 1 g/kg of body weight. Mannitol
may be used on a repeated schedule, but the serum osmolarity
must be monitored to ensure that systemic dehydration, which
can be particularly injurious to the kidneys, does not take place.
Serum osmolarity should not be allowed to exceed 320 mOsm.
The mechanism of ICP reduction by mannitol may be related
to its osmotic effect in shifting fluid from the brain tissue com-
partment to the intravascular compartment as well as its ability
to improve blood rheology by decreasing blood viscosity [69,
70]. The latter effect has been postulated to cause reflex vaso-
constriction, which keeps blood flow constant while reducing
blood volume and ICP. In addition, mannitol, like other hyper-
tonic fluids, decreases production of cerebrospinal fluid (CSF).

Some individuals may benefit from the use of furosemide in
combination with mannitol. The duration of the ICP decrease
due to the two diuretics together may be prolonged over either
agent used alone [71].

Various concentrations of hypertonic saline alone or in
combination with dextran have been used for management of
elevated ICP, primarily in the setting of intracranial hyperten-
sion refractory to mannitol therapy. As the blood–brain barrier
is impermeable to sodium ions, hypertonic saline establishes a
gradient that facilitates the movement of water from the brain
into the intravascular space. Evidence indicates that hypertonic
saline may be more effective in controlling ICP than mannitol
[72]. In addition to efficacy, the proposed benefit of hypertonic
saline is lack of severe electrolyte disturbance, which is com-
mon with mannitol. The brisk diuresis seen with mannitol is
absent with hypertonic saline. Although hypertonic saline has
been administered both as a bolus and as a continuous infusion,
currently no firm guidelines have been established for its use.
In addition, no standard concentration has been established for
clinical use, although most clinical studies have used either 7.5
percent or 3 percent in an infusion at a rate of 20–40 mL/h.
Following prolonged infusion in the intensive care unit, hyper-
tonic saline should be tapered off slowly to prevent subsequent
hyponatremia and rebound edema. Hypertonic saline should
only be administered through a central line. In situations where
hypertonic saline causes an unacceptable hyperchloremic aci-
dosis, a mixture of sodium chloride and sodium acetate can be
used.

Ventilation

Hyperventilation is an effective way to reduce ICP. It is use-
ful in the setting of an acutely increased ICP that needs to be
controlled until more definitive therapy can be initiated. Hyper-
ventilation may be useful in the initial stages of resuscitation
of head-injured patients or in a patient who suddenly develops
signs of herniation. Hyperventilation causes cerebral vasocon-
striction, primarily in the small regulatory arteries in the brain;
this vasoconstriction reduces the cerebral blood volume and
therefore the ICP. The decrease in cerebral blood volume and
the fall in ICP occur virtually simultaneously with initiation
of hyperventilation. The reduction in cerebral blood volume is
achieved at the expense of CBF, however.
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The use of hyperventilation in patients with brain injury
is fraught with controversy: the degree of hyperventilation that
should be employed is unknown, and the duration of hyperven-
tilation that can be used safely and effectively is uncertain. The
overriding concern is that excessive or prolonged hyperventila-
tion may cause cerebral ischemia by decreasing CBF [73]. Cur-
rent recommendations are that patients who are head injured
should be maintained at normocapnia except when hypocapnia
is necessary to control acute increases in ICP.

Chronic hyperventilation should be avoided if possible.
In situations where prolonged hyperventilation is necessary
because of failure of other agents to control ICP, monitoring
tPO2, SjvO2, and cerebral venous lactate are desirable to avoid
hypocapnia-induced ischemia [74].

Coagulopathy

The brain is rich in tissue thromboplastin, and severe TBI with
contusion can lead to consumption coagulopathy and/or dis-
seminated intravascular coagulopathy [75]. The presence of
coagulopathy in TBI is an indicator of poor prognosis [76].
When observed clinically, it must be treated vigorously as guided
by the coagulation profile. Fresh-frozen plasma is indicated
when the International Normalized Ratio (INR) exceeds 1.4,
and platelets should be given when the count is below 100,000.
Platelets should also be given if the patient is receiving aspirin
therapy and there is clinical bleeding despite a normal platelet
count. An increasing number of elderly patients admitted with
TBI from falls are on coumadin for atrial fibrillation or preven-
tion of stroke. These can be very difficult cases because there
is often insufficient time to correct coagulopathy before bring-
ing the patient to the operating room. Activated recombinant
Factor VII may be useful as an immediate therapeutic measure
under these circumstances.

Despite its theoretical benefits, systemic hypothermia can
aggravate coagulopathy, the presence of which should prompt
aggressive warming of the patient (see Chapter 29).

Glycemic Control

The development of hyperglycemia in patients with severe TBI
is associated with poor prognosis [77, 78]. Although this may be
partly related to the stress response to trauma, substantial clin-
ical and experimental evidence suggest that control of hyper-
glycemia may improve outcome [79]. As demonstrated in other
critically ill patients, tight hyperglycemic control is achieved at
the risk of hypoglycemia, which is detrimental to the brain.
Not only is glucose the main fuel substrate for the brain, there
is evidence that patients with severe brain trauma may develop
hyperglycolysis [80]. Thus, it is prudent to treat hyperglycemia
in patients with TBI, but caution must be exercised and a rea-
sonable goal would be 140 mg/dl.

Electrolyte Disturbance

Patients with severe TBI or other brain injury can develop dia-
betes insipidus or syndrome of inappropriate antidiuretic hor-
mone. The former usually leads to hypernatremia, whereas the
latter results in hyponatremia. Determination of plasma and
urine sodium as well as osmolality generally will sort out the
diagnosis, allowing institution of appropriate treatment.

Crystalloid versus Colloid

When the blood–brain barrier is intact, movement of water
in and out of the brain is essentially governed by the osmotic
gradient, and oncotic pressure has little influence. When the
blood–brain barrier is partially disrupted, colloid may have a
theoretical advantage, as has been demonstrated in experimen-
tal cerebral ischemia. However, there is no clinical evidence to
support the use of colloids in TBI. In a clinical trial compar-
ing colloid vs. crystalloid as a resuscitation fluid in critically
ill patients, no difference could be demonstrated [81] (see also
Chapter 6). Moreover, in a subgroup analysis of patients with
brain trauma, the mortality rate was significantly higher in the
4 percent albumin group than the saline group. Another com-
monly used colloid, hydroxyethyl starch, can aggravate coagu-
lopathy, even in small doses, and should be avoided in patients
with brain injuries [82].

Thus, hypertonic or isotonic crystalloid is the preferred
fluid in patients with TBI, and the most appropriate colloid
to be used is blood when indicated. Otherwise, albumin is
preferable to hydroxyethyl starch. Regarding blood transfusion,
no current guideline exists on the threshold in patients with TBI.
Although a restrictive strategy (hematocrit of 21 percent) is
associated with better outcome in critically ill patients, patients
with TBI have not been specifically studied. Monitors including
jugular venous oximetry and brain tissue oxygen tension may
help the decision-making process regarding blood transfusion.
As a general principle, if ongoing cerebral ischemia is suspected,
it may be prudent to maintain a higher hematocrit, for example,
27 to 30 percent.

Hypothermia

Moderate hypothermia has been considered as a therapeutic
modality in head injury for many years. The theoretical bene-
fits of hypothermia in preventing secondary brain injury may
be related to its effects on attenuating the biochemical cascade
that begins at the time of injury or on controlling intracranial
hypertension. Despite these actions, a large multicenter clinical
trial of head-injured patients demonstrated no benefit to the
induction of hypothermia [83]. A post hoc analysis of the data
from this study did show that head-injured patients younger
than 45 years who were mildly hypothermic (less than 35◦C)
on admission had a lower incidence of poor outcome if they
were randomly assigned to the hypothermia arm [84]. It was
not clear, however, whether the benefit seen in this group of
patients is actually from early hypothermia or from avoidance
of the rewarming process. Given the rather limited situation in
which hypothermia appears to be beneficial in head injury, it is
not recommended for routine use [85]. In addition, hypother-
mia increases the risk of pneumonia and wound infection and
may cause electrolyte and coagulation abnormalities [86] (see
Chapter 29). Because of the theoretical benefits and consistent
evidence of cerebral protection in experimental ischemia, an
extension of the original hypothermia trial examining the sub-
set of patients who were admitted cold, as well as a pediatric
head trauma trial, is ongoing [87].

Hypothermia does decrease ICP, however, primarily
because it decreases cerebral metabolic rate and thus CBF.
Despite the controversies surrounding the use of hypothermia
in head injury, hypothermia is useful in the setting of intracra-
nial hypertension refractory to other interventions and may
improve outcome [88].
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In contrast to hypothermia, the devastating effects of hyper-
thermia are well established, and fever in a brain-injured patient
must be treated promptly and vigorously.

Pharmacology

Barbiturates may be used as an adjunct to other therapy for con-
trolling ICP. Given that CBF is coupled to cerebral metabolism,
the effect of barbiturates on ICP is thought to be due to a
decrease in cerebral metabolic rate, which leads to a decrease in
CBF, cerebral blood volume, and thus ICP. As long as the MAP
is maintained, CPP will improve. In addition, barbiturates may
have an antioxidant effect, thus limiting the secondary injury
from free radicals. Barbiturate therapy is appropriate only in
patients who are hemodynamically stable and have been ade-
quately resuscitated. It should not be employed if MAP and
CPP cannot be appropriately maintained. Some patients with
refractory elevations in ICP have sustained extensive neuro-
logic injury, and their cerebral metabolic rate may already be
low; failure to respond to barbiturates carries with it an omi-
nous prognosis [67]. In addition, the use of barbiturate coma is
associated with immunologic suppression with increased risk
of pneumonia and sepsis.

Propofol may function in a similar manner to barbiturates
by decreasing cerebral metabolic rate, cerebral blood volume,
and ICP. It has the same hemodynamic risks as barbiturates
and has the additional risk of causing a metabolic acidosis and
myocardial dysfunction with prolonged infusions. This propo-
fol infusion syndrome carries significant morbidity and mor-
tality [89, 90].

Both barbiturates and propofol can be used in a dose–
response manner to provide ICP control, ranging from mild
sedation to pharmacologically induced coma. Although some
type of electroencephalography (EEG), such as a bispectral
index, has been advocated for sedation, it is not necessary
at low-dose infusion. Continuous EEG monitoring must be
employed, however, when either propofol or a barbiturate is
used to achieve maximal suppression of metabolic activity. The
infusion is titrated against the EEG activity, with the goal of
achieving burst suppression.

Although any barbiturate could be given to achieve burst
suppression, pentobarbital is most commonly used in the ICU
and thiopental is most common in the operating room (OR).
Titration of the infusion against EEG burst suppression is an
effective means to achieve maximal reduction in CMRO2.

Use of Steroids

Steroids have profound anti-inflammatory actions and can
reduce brain edema. They have been used for brain trauma in
the past without evidence for their benefits. Although marginal,
the purported benefits of high-dose methylprednisolone treat-
ment in spinal cord injury have prompted revived interest in the
use of steroids in TBI. However, results from the CRASH trial
indicated that, not only does steroid use show no benefit in TBI,
it quite possibly increases mortality and morbidity because of
increased incidence of pneumonia and infection [91].

Decompressive Craniectomy

Decompressive craniectomy has been used in the past to manage
intractable intracranial hypertension after TBI. The rationale

for its use is based on the Monro–Kellie Doctrine, which states
that the intracranial compartment is a fixed space and can only
accommodate a very small volume (translocation of CSF to
the spinal axis) before pressure increases. Therefore, in patients
who have sustained a TBI and have severe cerebral edema, it
postulated that removing a large portion of the skull will allow
more room for the increased volume of brain and thus decrease
intracranial pressure [92, 93]. Decompressive craniectomy has
also been shown to improve brain tissue oxygenation [94, 95].
However, the question that remains is whether this intervention
improves outcome. As well, potential complications with this
procedure include increased cerebral edema and infection [93].
A retrospective cohort study by Aarabi and coworkers reported
a 50 percent incidence of good recovery in 50 patients [96].
Definitive answers will hopefully be supplied by RESCUE ICP,
a multicenter randomized controlled study that is currently
enrolling patients (www.rescueicp.com ).

A N E S T H E T I C M A N AG E M E N T

Patients requiring surgery after sustaining a TBI can be sub-
divided into two major groups with different perioperative
concerns. These groups include those requiring emergent and
nonemergent surgery. The emergent group can also be sub-
divided into neurosurgical procedures and nonneurosurgical
procedures. The anesthetic management of these groups will
be discussed below

Emergent Surgery

Neurosurgical
These patients commonly arrive in the operating room with

an endotracheal tube in place. If they are not tracheally intu-
bated, the same principles that were discussed in the section
on airway should be applied. Often there is little time allot-
ted for the preoperative assessment; one’s approach must be
concise and focused to obtain the pertinent information in
a brief amount of time. These patients will probably have
other systemic injuries that need to be assessed and addressed.
The neurologic condition of the patient can be determined
by obtaining the GCS score, reviewing the CT scan findings,
and examining the pupils. Frequently patients with TBI are
intoxicated. The presence of alcohol and other psychoactive
agents may influence the response of the patient to anesthetic
agents. Their anesthetic requirement may be decreased, or
increased depending on the substances ingested. In patients
with decreased level of consciousness, the risk of aspiration
with subsequent pneumonitis is ever present.

The hemodynamic status of the patient is also extremely
important. Patients may demonstrate Cushing’s response of
hypertension and bradycardia, which signifies brainstem com-
pression from raised ICP. However, these classic findings may
be masked by hypovolemia, and their absence does not rule
out brain stem compression. An assessment of volume status
is therefore always indicated. This is often difficult to accom-
plish as urine output may be increased by the use of mannitol,
and hematocrit is decreased by ongoing blood loss. Significant
systolic variation during positive ventilation is a positive indica-
tor for hypovolemia (see Chapter 5). In general, a strong index
of suspicion should be maintained, and volume challenge of
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500 mL of crystalloid should be given whenever hypovolemia
is suspected. In adults, isolated brain injury generally does not
result in systemic hypotension, although this can occur in small
children with scalp blood loss alone. The presence of hypoten-
sion in an adult with an isolated brain injury should prompt
reevaluation of all other systems to rule out other sources of
blood loss, for example, a ruptured spleen.

Other information to obtain includes the status of oxy-
genation, acid-base balance, electrolytes, hematocrit, coag-
ulation profile including platelet count, and the presence
of other injuries. The information obtained above will, in
part, determine the most appropriate direction in which to
proceed.

Appropriate monitoring must be established and must also
take into account the immediate need for surgical decom-
pression. Standard monitors include electrocardiography, pulse
oximetry, capnography, temperature, urine output, and non-
invasive blood pressure measurement. An arterial catheter is
highly desirable, for continuous blood pressure monitoring and
blood sampling, but its placement should not delay obtain-
ing adequate intravenous access. Two large-bore intravenous
catheters are required at a minimum. Although a central venous
catheter and retrograde jugular bulb catheter may be of value,
time constraints usually do not permit their insertion.

These patients usually do not have ICP monitors in place
but one can assume the presence of intracranial hypertension in
the setting of an acute space-occupying lesion because the brain
is unable to accommodate sudden increases in intracranial vol-
ume. The presence of midline shift and pupillary abnormali-
ties confirm this diagnosis. Therefore, these patients should be
hyperventilated until the dura is opened. Notice this is a dif-
ferent situation than the situation of chronic hyperventilation
mentioned previously, which may cause cerebral edema and
worsened clinical outcomes [97, 98]. The elevation in ICP is
more detrimental than the effects of short-term hyperventila-
tion [99]. Another area to focus on is the management of blood
pressure. These patients are often hypertensive. The hyperten-
sion is often a compensatory mechanism to maintain adequate
perfusion of the brain in the setting of raised intracranial pres-
sure. This hypertension should be tolerated in the period before
the cranium has been opened. Hypotension during this period
should be treated aggressively. Assuming a minimum ICP of
20 mmHg, mean arterial blood pressure should be at least
80 mmHg. A combination of fluid and vasopressors may be
used to accomplish this goal. Intravenous volume loading in
the early stages of the anesthetic is appropriate, particularly in
patients with other injuries and significant blood loss, as the
hypertensive response can mask hypovolemia. When the ICP
is relieved surgically, the loss of sympathetic drive can result
in sudden profound hypotension if adequate intravascular vol-
ume has not been restored. Until adequate volume resuscita-
tion is accomplished, small bolus doses of epinephrine may be
necessary.

The choice of anesthetic agents should be based on the clin-
ical condition of the patient. As a general rule, nondepolarizing
neuromuscular blocking agents should be administered to pre-
vent inadvertent movement or coughing while in Mayfield pins.
The general goals of anesthesia are similar to the management
goals that have been discussed previously. The most important
goals are to prevent increases in ICP and to maintain CPP. Intra-
venous anesthetics seem well suited for this goal. Both thiopen-

tal and propofol decrease CMRO2 and subsequently decrease
cerebral blood flow due to flow metabolism coupling [37, 100].
These agents have also been shown to decrease ICP in head-
injured patients [67, 101]. As well, they may offer some degree
of neuroprotection and do not impair flow metabolism cou-
pling or cerebral autoregulation [102–105]. The disadvantage
of using thiopental is the prolonged emergence time. However,
this problem is not relevant to the majority of patients, as they
will be transferred to the ICU, intubated, and sedated for ongo-
ing care. Volatile anesthetic agents may be used as well. Their
main advantage is the ease and speed of titration, especially
for the newer agents, sevoflurane and desflurane. Similar to the
intravenous agents, they may offer neuroprotection [106, 107].
Isoflurane and, to a lesser extent, sevoflurane lead to increases
in cerebral blood flow in a dose-dependant manner, and thus
may potentially increase ICP [108, 109]. These effects can be
minimized by keeping the dose under 1 MAC, but increases
in ICP have been reported to occur at these levels [110–112].
In addition, volatile agents may impair cerebral autoregulation
although sevoflurane has less of an effect than isoflurane [113].
Consequently, with high or labile ICP, the anesthetic of choice
is an intravenous technique with a thiopental or propofol infu-
sion. Care must be taken to avoid overdosage, and the associated
hypotension and compromise of CPP. In a retrospective study
by Pietropaoli and colleagues, intraoperative hypotension was
associated with an increase in mortality and should be avoided
[114]. Once the dura is open, decisions on anesthetic manage-
ment can be based on the appearance of the brain. When an
ICP monitor is in place and the ICP is controlled, it is reason-
able to choose a volatile agent and switch to either propofol
or thiopental should the ICP increase. Nitrous oxide increases
CMRO2, cerebral blood flow, and ICP in head-injured patients
and should be avoided [115–117]. Opioids can be used safely
in these patients as long as blood pressure is not compromised
and the patient is mechanically ventilated.

As mentioned earlier, surgical intervention for mass lesions
may result in postdecompressive hypotension. This phe-
nomenon was studied retrospectively by Kawaguchi and col-
leagues who found the major risk factors were low GCS score,
absence of basal cisterns on CT, and bilateral dilated pupils
[118]. It is better to prevent this event than to treat it. Ade-
quate volume resuscitation prior to dural opening is therefore
essential. Continuous monitoring of the arterial blood pres-
sure waveform during mechanical ventilation (systolic pressure
variation and pulse pressure variation) may provide important
clues to hypovolemia and fluid responsiveness (see Chapter 5).
Should hypotension occur, continued volume administration
along with vasopressors is appropriate. As discussed previously,
there has been a renewed interest in decompressive craniec-
tomy for intractable intracranial hypertension. Although this
has not been studied, presumably these patients are also at risk
for hypotension on dural opening.

Nonneurosurgical
Trauma patients who present for emergent surgical man-

agement of noncranial injuries, but who also have a concurrent
TBI, are complex and can be an anesthetic challenge. These
patients are obviously critically ill and at high risk for sig-
nificant morbidity and mortality. At times, patients must be
taken directly to the OR for life-saving procedures prior to
undergoing an adequate neurologic examination or head CT.
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In this situation, the main goal is resuscitation and correction
of hypotension. The most immediately life-threatening condi-
tion must take priority, but the potential presence of the TBI
should be kept in mind. Specifically, a history on the level of
consciousness should be obtained and the pupils examined.
If asymmetry exists or the history suggests a high likelihood
of intracranial injury, a consultation with the neurosurgeon
should be obtained to initiate ICP monitoring. The presence of
dilated pupils bilaterally may suggest brain death or a nonsal-
vageable patient. This can be confirmed intraoperatively with
the use of transcranial Doppler ultrasonography [119]. Tran-
scranial Doppler may also be useful as a semiquantitative non-
invasive assessment of ICP if the presence of coagulopathy
precludes the placement of an ICP monitor. If the patient is
stabilized, surgery can be followed by a CT scan of the head
and a possible return to the OR for definitive neurosurgical
management. If an ICP monitor is placed and demonstrates
intracranial hypertension, management should be as discussed
earlier.

Nonemergent

Patients who have sustained TBI frequently have other injuries,
especially fractures requiring operative fixation (see Chapter
15). The timing of surgery in these patients remains a contro-
versial issue [120]. One must balance the need for operative
fixation of these fractures to decrease the incidence of compli-
cations related to immobility, such as atelectasis, pneumonia,
and venous thromboembolism, with the risks of performing
surgery in patients with unstable head injuries. These patients
have altered physiologic mechanisms such as cerebral autoregu-
lation and are extremely susceptible to secondary brain insults,
especially hypotension [26, 115, 121]. The review by Grotz and
colleagues summarizes the literature that is replete with retro-
spective series, some in favor of early fixation and some in favor
of delayed fixation [120]. However, none of these studies pro-
vides sufficient evidence to guide management of these patients.
This can only be accomplished with a prospective randomized
trial powered to detect differences in neurologic status as its
primary outcome.

In the absence of good evidence, the following recom-
mendations provide a conservative approach to management
of these patients: (1) Uncontrolled intracranial hypertension
should preclude all but emergent surgery; (2) patients with an
abnormal head CT scan should have ICP monitoring in the
operating room, in particular, for long-duration surgeries in
the first 48 hours after injury; (3) consideration should be given
to advanced neuromonitoring, including transcranial Doppler,
jugular bulb oximetry, and brain tissue oxygenation; and (4)
surgery should be terminated and a head CT should be obtained
should ICP become unstable.

O U T C O M E

Overall, the outcome of patients with severe TBI has continued
to improve over the past 30 years. Most authorities contribute
this to improvements in overall trauma care and critical care
as opposed to specific interventions [122]. Mortality was 25
percent in a large randomized trial in the mid-1990s, compared
with 31 percent in the European Brain Injury Consortium in

the early 1990s, and 44 percent in the Traumatic Coma Data
bank in the mid-1980s [123, 124].

Several studies have addressed the prognostication of out-
come following TBI. Although there have been slight differences
in the study results, most agree the main prognosticators are age,
pupillary response, and GCS motor score [125–128]. The 2005
article by Hukkelhoven and colleagues also included hypoxia,
hypotension, CT classification, and the presence of traumatic
subarachnoid hemorrhage [128].

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following is correct with regard to TBI?

a. Injury occurring at the scene is termed primary injury.
b. Secondary injuries due to hypoxia and hypotension are

not preventable.
c. Open fractures do not usually require surgery.
d. Skull fractures are always associated with intracranial

lesions.

2. With regard to primary TBI, which of the following is cor-
rect?

a. Diffuse axonal injury is best diagnosed using computed
tomography (CT).

b. Cerebral hematoma may require decompressive craniec-
tomy for refractory intracranial hypertension.

c. Epidural hematoma has a worse prognosis compared
with intracerebral hematoma.

d. Subdural hematoma is the least frequent injury.

3. Considering the initial resuscitation of the patient with TBI,
which of the following is correct?

a. Cricoid pressure is rarely done for rapid sequence intu-
bation in the field.

b. Tracheal intubation should ideally be accomplished via
the nasal route.

c. Succinylcholine is contraindicated in head injury
patients.

d. Thiopental may cause severe hypotension in hypo-
volemic brain injured patients.

4. Concerning fluid and drug administration in hypotensive
TBI patients, which of the following is correct?

a. Patients should be run dry in order to minimize cerebral
edema.

b. Hypotonic fluids should be avoided.
c. Vasopressors and inotropes should be avoided.
d. Mean arterial pressure should be maintained in the 100–

110 mmHg range.

5. Regarding intracranial pressure (ICP) monitoring of the
TBI patient, which of the following is correct?

a. Cerebral perfusion pressure is not affected by ICP.
b. Intraventricular catheters cannot measure ICP accu-

rately.
c. The upper limit of normal for ICP is 25 mmHg.
d. Intracranial pressure monitoring is recommended for

patients with an abnormal head CT and Glasgow Coma
Scale score <8.
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6. Concerning acute TBI:

a. Both primary injury and secondary injury can be treated
effectively.

b. Secondary injury occurs after the primary event, some
of which can be prevented.

c. Hypoxia and hypotension do not contribute to secondary
injury with TBI.

d. Patients with TBI do not suffer spinal cord injury.

7. Identify the correct statement regarding airway manage-
ment in TBI.

a. Patients with TBI generally do not have ventilation prob-
lems.

b. Patients who are obtunded and unable to protect their
airway should have their tracheas intubated immediately
to prevent aspiration.

c. After tracheal intubation, all patients with TBI should be
hyperventilated to PaCO2 of 25 mmHg.

d. To improve cerebral blood flow, PaCO2 should be main-
tained at 50 mmHg or above.

A patient with traumatic brain injury and Glasgow Coma Scale
score (GCS) of 7 is admitted to Emergency Department. CT
scan showed a large subdural hematoma with midline shift.
The patient is scheduled for emergent craniotomy. For ques-
tions 8–11, please select the best answer.

8. The immediate step taken should be:

a. Peritoneal lavage to rule out other injuries
b. Placement of a pulmonary artery catheter to facilitate

hemodynamic monitoring
c. Perform tracheal intubation to protect the airway and

ensure adequate oxygenation and ventilation
d. CT survey to rule out other orthopedic injuries

9. Before induction of anesthesia, essential laboratory assess-
ments must include:

a. Thyroid function testing
b. Transthoracic echocardiography
c. Magnetic resonance imaging (MRI) of the brain
d. Hematocrit and coagulation profile

10. All of the complications listed below can occur, except:

a. Coagulopathy
b. Hypernatremia
c. Hyperglycemia
d. Thyroid storm

11. After opening of dura and decompression, blood pressure
suddenly decreases to 60 mmHg systolic. This can be sec-
ondary to all of the causes listed below except:

a. Large and ongoing blood loss from coagulopathy
b. Sudden loss of sympathetic tone from release of intracra-

nial hypertension
c. Concealed systemic bleeding, for instance, an undetected

ruptured spleen
d. Surgical damage to the medulla

A N S W E R S

1. a
2. c
3. d
4. b

5. d
6. b
7. b
8. c

9. d
10. d
11. d
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P E D I AT R I C B R A I N I N J U R Y
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Objectives
1. State the significance and incidence of traumatic brain injury in children as well as the impact

of preventive care.
2. Recognize when a child with a closed-head injury is developing increased intracranial hyper-

tension.
3. Describe the pathophysiology of primary brain injury as well as the process leading to the

secondary injury.
4. List therapies (as well as the rationale) for both the first-tier and second-tier therapies for the

management of severe traumatic brain injury in children.

S U M M A RY

Severe traumatic brain injury (TBI) is a leading cause of mortal-
ity and morbidity in children. The epidemiology, pathophysiol-
ogy, and rational for various treatment modalities are presented
in this chapter. In addition, clinical guidelines are reported in
an algorithm format to aide the clinician caring for the critically
ill children.

I N T R O D U C T I O N A N D C L I N I C A L
P R E S E N TAT I O N S

Although most TBIs in children are minor, head injury is
the leading cause of pediatric death from trauma and it is
the leading cause of acquired disability annually. By some
accounts TBI results in 400,000 emergency department vis-
its per year. Three to fifteen percent of cases result in mod-
erate to severe TBI, and 9 to 50 percent of the most severe
cases result in death. With current management approaches,
mortality is only half that reported in adults presenting with
similar Glasgow Coma Scores (GCS) [1–5]. Survival, however,
has been associated with subsequent cognitive and behavioral
impairment.

Prognosis and mechanisms of injury vary by age, type of
activity, geographical location, and helmet use. Falls, traffic/

motor vehicle-related injury, and nonaccidents (e.g., child
abuse) are the three largest categories of head trauma. Falls are
reportedly the most common mechanism of injury to infants,
toddlers, and adolescents. Falls from greater than three feet are
more likely to result in intracranial pathology. Free falls usu-
ally occur from stairs, banisters, windows, beds, arms of adults,
and bathtubs. Children, as pedestrians, are three times more
likely to be struck by a car than adults. In addition to motor
vehicle accidents (Figure 12.1), bicycle mishaps (Figure 12.2)
account for significant morbidity. Fortunately, with the help of
public safety campaigns, helmet use has decreased severe head
and brain injury by 65–88 percent [1–5]. The development of
the Cushing triad (hypertension, bradycardia, and alterations
in the respiratory pattern) is an ominous sign of a significant
elevation in intracranial pressure (ICP).

Although the pediatric patient with TBI can be difficult
to assess clinically, it is essential for the clinician to determine
severity of injury, establish a management plan, and estimate
prognosis. Alteration in mental status is the most common sign
or symptom of significant intracranial injury and is present in
85 percent of these cases. Headache, vomiting, drowsiness, irri-
tability, amnesia, visual disturbances, or focal neurologic signs
may be present in the noncomatose child. Although the pres-
ence of retinal hemorrhages in a child with head trauma strongly
suggests the diagnosis of child abuse, retinal hemorrhages can
be found in other types of injury, particularly motor vehicle
collision [6].

1 8 7
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Figure 12.1. A head CT scan showing an acute right subdural hematoma
and generalized cerebral edema in a 6-year-old child victim of a motor
vehicle accident.

Figure 12.2. A head CT scan showing a right temporal-frontal epidu-
ral hematoma following a bike accident in an unhelmeted 14-year-old
adolescent.

Table 12.1: Glasgow Coma Scale

Response Score

I. Best Motor Response
Obeys/follows commands 6
Localizes pain 5
Withdraws to pain 4
Flexion in response to pain 3
Extension in response to pain 2
No motor response 1

II. Verbal Response
Oriented 5
Confused conversation 4
Inappropriate words 3
Incomprehensible/nonspecific words 2
No verbal response 1

III. Eye Opening
Spontaneous 4
To verbal stimuli/speech 3
To pain 2
No eye opening 1

Coma Score = I + II + III Range, 3–15

The eye examination and the GCS are two of the most crit-
ical components of the neurologic exam in the head-injured
patient. Evaluation of pupil size and reactivity together with
the corneal reflex tests cranial nerves II, III, V, and VII. A
fixed, dilated, unilateral pupil suggests herniation of the uncus
through the tentorium cerebelli with compression of cranial
nerve III. Minimally reactive, pinpoint pupils are seen with
pontine lesions. Pupils fixed in midposition can be indicative
of midbrain lesions [1, 4].

The GCS is essential in estimating the level of neurologic
function (Table 12.1). Long accepted as a means to rapidly assess
a patient’s eye, speech, and motor response to stimuli, the GCS
has been used to standardize communication between clini-
cians, guide management decisions, and estimate prognosis.
Airway support and more aggressive intracranial monitoring
are usually indicated for GCS scores equal to or less than 8.
Strong consideration is given to tracheal intubation in this cir-
cumstance. Because the GCS depends on the patient’s ability to
speak and follow commands, some institutions have utilized a
children’s coma scale for infants and toddlers. Children’s coma
scales vary from one institution to another. An example is given
in Table 12.2 [1, 2, 5].

PAT H O P H Y S I O L O G Y O F T R AU M AT I C
B R A I N I N J U RY I N C H I L D R E N

The anatomy of a child’s brain is different than an adult’s,
making it more susceptible to significant injury from rapid
acceleration–deceleration as well as from rotational forces. The
damage from the initial injury may be focal or diffuse (primary
injury) and be further compounded by a host of cellular
responses leading to secondary injury [7–9].
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Table 12.2: Children’s Coma Scale

Response Score

I. Ocular Response
Pursuit 4
Extraocular movements (EOM) intact 3
Fixed pupils or EOM impaired 2
Fixed pupils and EOM paralyzed 1

II. Verbal Response
Cries 3
Spontaneous respirations 2
Apnea 1

III. Motor Response
Flexes and extends 4
Withdraws from painful stimuli 3
Hypertonic 2
Flaccid 1

Score = I + II + III Range, 3–11

Anatomical Differences in a Child’s Brain

By the age of 2 years, the intracranial volume of the toddler’s
brain is approximately 72 percent of that of an adult. Hence, the
size of a child’s head comprises almost 10 percent of its body
mass in contrast to the adult’s 2 percent [2]. In addition, the
head of a child is supported by relatively weak neck muscles
that are less able to protect the head from the rotational and
deceleration forces from the initial injury. Also, in children, the
periostum of the inner table of the skull, the falx cerebri, the
tentorium, and the falx cerebelli contain dural veins that are
easily torn by rapid acceleration–deceleration forces. The dura
in children is not affixed to the inner table of the skull, which
with rapid changes in force can increase the child’s risk for intra-
cerebral hemorrhage [2, 5, 10]. Because of the relative lack of
brain myelination in children, these axons are more susceptible
to developing diffuse axonal injury, further compounding the
morbidity from the initial insult [11, 12].

Primary Injury

Primary injury occurs at the moment of impact. The primary
injury may cause focal damage to brain tissue (i.e., hematomas,
contusions, lacerations) or diffuse injury secondary to shear
forces resulting in vascular injury and/or tearing of white matter
fibers (i.e., axons). The primary injury is irreparable. Other than
prevention, little can be done to treat the primary brain injury.
Hence, the focus of treating TBIs in children is the prevention
and treatment of secondary injuries (i.e., increased ICP).

Secondary Injury

Secondary injury is usually delayed, peaking at 3 to 5 days
postinjury. A cascade of cytochemical reactions leads to
ischemic brain injury and neuronal death (Figure 12.3). This
cascade involves increased ICP, disruption of the blood–brain
barrier, cerebrovascular dysregulation, cerebral swelling, exci-
totoxicity, oxidative stress, inflammation, and apoptosis.

Intracranial hypertension is one of the most common causes
of secondary brain injuries in children. ICP increases as the vol-
ume of injured brain becomes larger in the confined space of
rigid calvarium. The volume increase can come from the brain
parenchyma (hemorrhage, cerebral volume), cerebral spinal
fluid (hydrocephalus), or cerebral blood volume (vasodilata-
tion). When intracranial hypertension comprises cerebral per-
fusion, there is further cellular damage resulting in worsening
cerebral edema and eventual displacement and herniation of
the brain. Normal ICP varies with age. In infants, a normal ICP
is 8–10 mmHg, whereas less than 15 mmHg is considered nor-
mal for an older child. Intracranial hypertension is defined as
having an ICP in excess of 20 mmHg for more than 5 minutes
[13].

Cerebral blood flow in the uninjured brain is a highly
regulated process involving a dynamic coupling of cerebral
blood flow to neuronal activity [14]. In normal brain tis-
sue, vascular tone is controlled by the release of vasodila-
tors such as nitric oxide (NO), endothelium-derived hyperpo-
larization factor, and prostanoids. During injury, vasorestric-
tion develops secondary to decreased NO bioavailability and
release of endothelium-1 [15, 16]. The resulting vasoconstric-
tion may have a role in further injury of the brain by posttrau-
matic hypoperfusion. In children with TBI, impaired cerebral
autoregulation is greatest following moderate (GCS 9 to 12) to
severe (GCS ≤8) injury. The impaired cerebral autoregulation
is also associated with a poorer outcome [17].

Cerebral swelling or edema contributes to intracra-
nial hypertension by increasing the volume of the brain
parenchyma. This increased volume can then lead to secondary
ischemia via compressing the vascular bed and eventually to
brain herniation. Cerebral swelling may be secondry to cellu-
lar swelling, blood–brain barrier (BBB) injury, and/or osmolar
swelling. In diffusion-weighted magnetic resonance imaging,
the cerebral swelling in patients with TBI was predominantly
cellular. A low apparent diffusion coefficient (ADC) was noted
in the brain tissue indicating high water content [18]. Cellu-
lar swelling occurs predominantly in the astrocyte foot. Glu-
tamate uptake, acidosis, and arachidonic acid can all lead to
astrocyte swelling [19]. Disruption of the blood–brain barrier
can also be a significant contributor to cerebral edema with its
disruption being maximal during the first hours following the
injury [19].

Excitotoxicity is the process in which a variety of excita-
tory neurotransmitters trigger a biochemical cascade leading
to neuronal death (Figure 12.4). Excitatory neurotransmit-
ters (glutamate, aspartate, homocysteine) coupled with cat-
echolamines (dopamine, norepinephrine) lead to the activa-
tion of ionophase-linked channels (N-methyl-d-aspartate or
NMDA). The activation of the channels leads to the influx
of sodium and calcium ions into the neurons [20]. The high
intraneuronal calcium concentration activates calpains, cas-
pases, calcineurin, NO systems, endonucleases, and phos-
phatases that further injure the glia [21]. Excessive stimula-
tion of these calcium-sensitive processes causes organelle fail-
ure and neuronal somatic cytoskeletal damage leading to neu-
ronal death. The excitotoxicity process may be the cause of
neuronal death observed in the cortical and hippocampal tissue
that, in turn, leads to cognitive dysfunction frequently observed
following closed-head injuries. Further evidence supporting the
role of the excitotoxicity pathway is the high levels of glutamate
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Figure 12.3. Proposed mechanisms involved in secondary damage after severe TBI in infants and children (repro-
duced with permission) [7].
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Figure 12.4. Schematic diagram representing events leading to ischemic brain injury (reproduced with permis-
sion) [8].
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in the spinal fluid of children with closed-head injuries with the
highest values noted in abused children [22].

Oxidative stress from mitochondrial damage can also lead
to secondary neuronal injury. The mechanical stretching of
neurons induces mitochondrial dysfunction with the over-
production of free radicals [23]. The reactive oxygen species
(ROS) and the reactive nitrogen species (RNS) in isolation are
insufficient to kill the neurons. When ROS is combined with
NO, the highly reactive species peroxynitrite is formed, which
leads to cellular death. These data highlight the enhanced vul-
nerability of sublethally injured neurons to secondary exci-
totoxic insults. Despite the clinical and laboratory evidence
demonstrating a role for oxidative stress in TBI, clinical trials
with antioxidants (tirilazad, selfotel) have been unsuccessful
[24, 25]. Possible reasons on why the studies may not have been
able to demonstrate an effect are the limited brain-penetrating
ability of these drugs, a delay in administration, or an inability
to monitor the treatment effect on oxidant stress.

The inflammatory response to TBI, especially in the imma-
ture brain, is a vigorous one. The release of inflammatory
cytokines (interleukin 1, tumor necrosis factor alpha) by
ischemic neurons and by the supporting glial network leads
to the generation of adhesion molecules (selectins, integrins,
intracellular adhesion molecule 1). The release of the adhesion
molecules results in the breakdown of the BBB culminating in
edema formation [26]. Despite the laboratory evidence sup-
porting the role of the inflammatory pathway in the develop-
ment of cerebral edema secondary to TBI, clinical studies of
anti-inflammatory agents have shown no therapeutic benefit
[27].

Apoptosis is programmed cell death. This process is an
energy-dependent cascade that leads to cell shrinkage, nuclear
condensation, DNA fragmentation, and formation of apop-
totic bodies [28]. The two main pathways for apoptosis are the
extrinsic pathway (receptor dependent) and the intrinsic path-
way (receptor independent). Both pathways appear to play an
active role in the body’s response to TBI [29].

M A N AG E M E N T O F P E D I AT R I C T R AU M AT I C
B R A I N I N J U RY

The basics of TBI treatment rely on ICP monitoring, con-
trol of ICP, and control of cerebral perfusion pressure
(CPP). Unfortunately, few well-designed controlled studies
have addressed the management of pediatric head trauma, but
guidelines for the acute medical management of severe TBI in
infants, children, and adolescents have been published [30].
These guidelines are based on consensus and expert opinions
in the field. To maintain a low ICP and sustain an adequate
CPP, several therapeutic modalities have been used. The roles of
sedation, neuromuscular blockade, hyperosmolar therapy, corti-
costeroids, hyperventilation, hypothermia, cerebral spinal fluid
drainage, decompressive craniotomy, barbiturates, and seizure
prophylaxis are discussed in this chapter.

Intracranial Pressure Monitoring

Intracranial pressure monitoring is appropriate in infants and
children with severe TBI with a GCS less than or equal to 8. The
presence of open fontanels and/or sutures in an infant with

severe TBI does not preclude the development of intracranial
hypertension or negate the utility of ICP monitoring [31]. The
goal is to maintain an ICP less than 20–25 mmHg [32] and a CPP
between 40 and 65 mmHg [33]. A ventricular catheter, exter-
nal strain gauge transducer, or catheter tip pressure transducer
device can be used to monitor ICP. A ventriculostomy catheter
device has the advantage of enabling therapeutic cerebrospinal
fluid (CSF) drainage. A parenchymal catheter tip pressure trans-
ducer device can be used also to measure ICP and is advan-
tageous when ventricular access is limited. These transducers
have the potential for measurement differences and drift due
to the inability to recalibrate [34]. By maintaining a low ICP
coupled with an appropriate CCP, one assumes that there will
be an adequate oxygen delivery to the brain. The next genera-
tion of monitoring catheters currently under development will
directly measure partial pressure of brain tissue oxygen [35].
These catheters may be able to determine the optimal CPP for
maintaining appropriate oxygen delivery to the brain and thus
serve as a guide for supporting therapies.

The Role of Sedation and Neuromuscular Blockade

In experimental studies, pain and stress have been shown to
increase cerebral metabolic rate resulting in higher ICP [36,
37]. Multiple studies have shown a direct relationship between
noxious stimuli such as suctioning and increases in ICP [38–40].
Therefore, analgesia and sedation have an important role in the
management of TBI. Sedatives and analgesics are also necessary
to manage patients who are mechanically ventilated. Other ben-
efits of sedatives include anticonvulsant and antiemetic actions,
the prevention of shivering, and mitigation of the long-term
psychologic trauma of pain and stress [41]. The ideal sedative
for patients with severe TBI is one that is rapid in onset and
offset, is easily titrated to effect, has well-defined metabolism,
neither accumulates nor has active metabolites, exhibits anti-
convulsant actions, has no adverse cardiovascular or immune
actions, and lacks drug–drug interactions, while preserving the
neurologic examination [42]. Unfortunately, there is no ideal
sedative or analgesic for patients with TBI. Agents used for
sedation in TBI include lorazepam, midazolam, propofol, and
thiopental, whereas analgesics include fentanyl and morphine.
Premedication with lidocaine has been advocated before endo-
tracheal tube suctioning to prevent a rise in ICP.

Few studies have addressed the role of analgesia and seda-
tion in pediatric patients with severe TBI. In a case report, an
increase in ICP was seen in an 11-year-old child with severe TBI
following an infusion of 5 μg/kg of fentanyl [43]. In another
study of ten patients with severe TBI including three adoles-
cents, sufentanil injection (at 1 μg/kg over 6 min, followed by
an infusion of 0.005 μg · kg−1 · min−1) was associated with a
significant increase in ICP (9 ± 7 mmHg) accompanied by
a 24 percent decrease in mean arterial pressure and thus a 38
percent decrease in CPP. Therefore, caution should be exer-
cised in the administration of a sufentanil bolus to patients
with increased ICP [44]. However, pain can increase cerebral
metabolic demands, arterial blood pressure and cerebral blood
flow (CBF) with subsequent increase in ICP in severe TBI. The
use of analgesics remains essential in patients with multiple
traumatic injuries.

The use of sedation is necessary to treat patients with severe
TBI who are tracheally intubated and mechanically ventilated.
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Table 12.3: Dosage and Side Effects of Commonly Used Sedatives and Analgesics in TBI [104]

Dosage Side Effects

Sedatives
Midazolam ■ Loading dose (0.01–0.05 mg/kg)

■ Continuous infusion (0.02–0.1 mg · kg−1 · h−1)
■ Cardiovascular depression

Lorazepam ■ 0.05 mg/kg per dose (repeat every 4–6 h) ■ Cardiovascular depression
■ Metabolic acidosis
■ Liver function test abnormalities

Propofol ■ Suggested loading dose (0.5–1 mg/kg)
■ Suggested infusion (2–7 mg · kg−1 · h−1)

■ Cardiovascular depression
■ Fatal metabolic acidosis
■ Hyperlipidemia
■ Discoloration of urine (green)

Thiopental ■ 1–5 mg/kg per dose (repeat as needed) ■ Cardiovascular depression

Analgesics
Fentanyl ■ Loading dose (1–2 μg/kg)

■ Continuous infusion (1–3 μg · kg−1 · h−1)
■ Chest wall rigidity
■ Dependence
■ May increase ICP

Morphine
sulfate

■ Intermittent dose (0.1–0.2mg/kg per dose, may
repeat every 2–4 h)

■ Continuous infusion (0.01–0.04 mg · kg−1 · h−1)

■ Cardiovascular depression
■ Bronchospasm (histamine release)

In a study of eight patients (including one adolescent) with
severe TBI, diazepam reduced the cerebral metabolic rate and
CBF by approximately 25 percent, each without significant
alteration of the blood pressure [45]. In another study of twelve
patients (17 to 44 years old) the infusion of midazolam induced
a decrease in mean arterial pressure and CPP and an increase
in ICP in patients with ICP less than 18 mmHg. However, in
patients with ICP more than or equal to 18 mmHg, mida-
zolam induced a slight decrease in ICP [46]. Therefore, close
monitoring of blood pressure, ICP, and CPP should be exercised
when using these agents. Propofol has been used for sedation
and control of ICP in head-injured patients [47, 48]. How-
ever, deterioration in cerebrovascular pressure auto regulation
with rapid propofol infusion rates may occur after head injury.
Therefore, large propofol doses may increase the injured brain’s
vulnerability to secondary insults [49]. Several reports have also
suggested that administration of propofol by continuous infu-
sion is associated with an unexplained increased risk of mor-
tality and severe metabolic acidosis in children [50–54]. There-
fore, monitoring for the development of a metabolic acidosis is
important when continuously infusing propofol in children.

The use of neuromuscular blockade has been used to reduce
ICP by reduction of intrathoracic pressures thereby improving
cerebral venous outflow. Neuromuscular blocking agents can
also prevent shivering, posturing, and ventilator asynchrony
[55]. In a prospective study of twenty patients (1–15 years old,
six of whom had severe TBI) Vernon and Witte showed a small
reduction of oxygen consumption and energy expenditure in
critically ill children who were sedated and mechanically venti-
lated [56]. However neuromuscular blockade is associated with
multiple risks, including an increased risk of nosocomial pneu-
monia and myopathy. In addition, neuromuscular blockade
has been associated with an increased intensive care unit (ICU)
length of stay and will mask seizure activities [55, 57–59]. The
use of neuromuscular blockade should be reserved to specific indi-

cations such as increased ICP with shivering, intracranial hyper-
tension, and prevention of movement during patient transport
[41]. In the management of TBI, it is important to maintain
adequate sedation and analgesia. Regardless of which agent is
used, the patient must be monitored for drug-related side effects
(Table 12.3).

The Role of Hyperosmolar Therapy

Mannitol and hypertonic saline have been used as hyperos-
molar agents to control intracranial hypertension. Mannitol
reduces ICP by two different mechanisms. The first mechanism
decreases blood viscosity, which in turn lowers cerebral vas-
cular diameters. The reduced blood viscosity enhances blood
flow through the cerebral vasculature. With an intact viscos-
ity autoregulation reflex, as the viscosity decreases, the cere-
bral vasculature constricts, thus maintaining appropriate CBF
while reducing cerebral blood volume. Viscosity autoregulation
is a mechanism whereby a decrease in resistance to flow from
the decreased blood viscosity is balanced by increased resis-
tance from vasoconstriction, so that CBF remains the same.
When autoregulation is impaired, CBF increases with a lower
viscosity without the compensatory vasoconstriction. [60–63]
The impairment of the viscosity autoregulation reflex seen in
TBI has led some authorities to caution against use of manni-
tol in TBI [64, 65]. The effect of mannitol administration on
blood viscosity is rapid but transient (<75 minutes). The sec-
ond mechanism for mannitol to reduce ICP is by an osmotic
effect. The osmotic effect gradually shifts fluids from the inter-
stitial space into the intravascular space. The osmotic effect
of mannitol has a slower onset of action (15–30 minutes),
lasts longer (6 hours) and requires an intact BBB [66, 67].
The effective bolus doses of mannitol to control increased ICP
after TBI range from 0.25 to 1 g/kg of body weight. Euvolemia
should be maintained by fluid replacement. A urinary catheter is
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recommended to avoid bladder distension and rupture. Serum
osmolarity should be maintained below 320 mosm/L.

Hypertonic saline is another hyperosmolar agent that has
been used to decrease ICP. Hypertonic saline has an osmotic
effect on the brain because of its high tonicity and abil-
ity to effectively remain outside the BBB. In animal models
the maximum benefit is observed with focal injury associ-
ated with vasogenic edema. The ICP reduction is seen for 2
hours or less and may be maintained for longer periods by
using a continuous infusion of hypertonic saline. ICP reduc-
tion is thought to be caused by a reduction in water con-
tent in areas of the brain with an intact BBB, such as the
noninjured hemisphere and cerebellum. Other systemic effects
seen with hypertonic saline include transient volume expan-
sion, natriuresis, hemodilution, immunomodulation, and
improved pulmonary gas exchange. Potential adverse effects
with hypertonic saline include electrolyte abnormalities, car-
diac failure, bleeding diathesis, phlebitis, central pontine myeli-
nolysis, and rebound intracranial hypertension with uncon-
trolled administration [68]. A continuous infusion of 3 percent
saline (ranging between 0.1 and 1.0 mL · kg−1 · h−1) adminis-
tered on a sliding scale (minimum dose needed to maintain
ICP <20 mmHg) is effective in controlling increased ICP. A
serum osmolarity of 360 mOsm/L appears to be tolerated with
hypertonic saline, even when used in combination with man-
nitol [69, 70]. Khanna et al. [69] showed a significant decrease
in ICP and an increase in CPP with a continuous infusion of 3
percent saline in ten children who failed conventional therapy
to control their intracranial hypertension. The 3 percent saline
was administered via a sliding scale to achieve a target serum
sodium level that would maintain an ICP at less than 20 mmHg.
In their study, the mean duration of 3 percent saline infusion
was 7.6 days (range, 4–18 days). The highest serum sodium,
serum osmolarity, and serum creatinine for their patients were
170 mEq/L (range, 157–187 mEq/L), 364 mosm/L (range,
330–431 mosm/L), and 1.3 mg/dL (range, 0.4–5.0 mg/dL),
respectively.

The Role of Corticosteroids

Steroids have been used in adults and children in an attempt
to reduce edema in TBI. However, in a recent multicenter,
randomized, controlled trial involving 10,008 adult patients
(CRASH trial), the use of steroids was associated with a higher
risk of death within 2 weeks following enrollment [1,052
(21.1%) vs. 893 (17.9%) deaths; relative risk 1.18 (95% CI
1.09–1.27); P = 0.0001] [71]. At 6 months following enroll-
ment, there was a higher risk of death or severe disability in the
corticosteroid group than in the placebo group [Death: 1,248
(25.7%) vs. 1,075 (22.3%), relative risk 1.15, 95 percent CI 1.07–
1.24; P = 0.0001; Death or severe disability: 1,828 (38.1%) vs.
1,728 (36.3%), relative risk 1.05, CI 0.99–1.10; P = 0.079] [72].
Therefore, steroids are not recommended in TBI.

The Role of Hyperventilation

Hyperventilation is a well-known cause of cerebral vasocon-
striction causing a reduction in CBF and a decrease in ICP in the
healthy brain. There is an approximately 3 percent reduction in
global CBF for every 1 mmHg decrease in the PaCO2. However,
following severe TBI, global CBF is reduced by approximately
50 percent early after the injury, resulting in global and regional

CBF levels that are near the ischemic threshold in adults [73].
Therefore, excessive hyperventilation in the face of critically low
baseline CBF could cause cerebral ischemia or worsen preex-
isting cerebral ischemia [74]. In a study of twelve patients with
head trauma (including three children, 1 month to 8 years old),
Stringer et al. showed that hyperventilation-induced ischemia
affects CBF in both injured and apparently intact brain tissues
[75]. Skippen et al. also showed that hypocapnia (PaCO2 <25
mmHg) was associated with more cerebral ischemic regions
than normocapnia in a prospective study of twenty-three chil-
dren with severe TBI who underwent CBF measurements at dif-
ferent PaCO2 [76]. Therefore, excessive hyperventilation should
not be used routinely in children with TBI.

As suggested by the guidelines for the acute management
of severe TBI in infants, children, and adolescents, a mild or
prophylactic hyperventilation (PaCO2 <35 mmHg) in children
should be avoided [77]. Mild hyperventilation (PaCO2 30–35
mmHg) may be considered for longer periods for intracranial
hypertension refractory to sedation, analgesia, neuromuscu-
lar blockade, cerebrospinal fluid drainage, and hyperosmolar
therapy. Aggressive hyperventilation (PaCO2 <30 mmHg) may
be considered as a second-tier option in the setting of refractory
hypertension. CBF, jugular venous oxygen saturation, or brain
tissue oxygen monitoring is suggested to help identify cerebral
ischemia in this setting. Aggressive hyperventilation therapy
titrated to clinical effect may be necessary for brief periods in
cases of cerebral herniation or acute neurologic deterioration
[77].

The Role of Hypothermia

In ischemic and TBI, hyperthermia (temperature >38.5◦C) can
be deleterious to the injured and noninjured brain. It has been
shown in experimental models that hyperthermia enhances
the release of neurotransmitters; exaggerates oxygen radical
production; enhances BBB breakdown; impairs recovery of
energy metabolism; increases inhibition of protein kinases; and
worsens cytoskeletal proteolysis [78]. However, hypothermia
preserves the BBB and reduces cerebral ischemia, edema, and
tissue injury [79–83]. In a randomized, controlled trial com-
paring the effect of moderate hypothermia (patients cooled to
33◦C at a mean of 10 hours after injury, and kept at 32–33◦C
for 24 hours) and normothermia in eighty-two adult patients
with severe closed-head injuries, hypothermia did not improve
the outcomes in patients with a GCS of 3 or 4 on admission.
However, among patients with GCS of 5 to 7, hypothermia was
associated with significantly improved GCS at 3 and 6 months
but not at 12 months following the TBI [84]. In another ran-
domized, controlled multicenter trial of 392 patients (16 to
65 years of age with acute brain injury), hypothermia (tem-
perature reaching 33◦C within 8 hours after injury and main-
tained for 48 hours) was not effective in improving outcomes 6
months following brain injury. However, fewer patients in the
hypothermia group had high ICP than in the normothermia
group [85].

Hypothermia has not been extensively studied in children
with TBI. In a study of twenty-one children, 48 hours of mod-
erate hypothermia (32–34◦C) initiated within 6 hours of acute
TBI was found to decrease the severity of intracranial hyperten-
sion and be safely tolerated [86]. In another randomized, con-
trolled trial, Adelson et al. [87] studied the effect of moderate
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Figure 12.5. Head CT scans of a 6-year-old child victim of a car accident with a cerebral edema and midline shift (Left) and post hemicraniectomy
(Right). Notice the herniation of the brain through the right hemicraniectomy and the development of an interhemispheric subdural hematoma.

hypothermia (32–33◦C within 6 hours of injury and maintained
for 48 hours) compared with normothermia (36.5–37.5◦C) in
severe TBI in children younger than 13 years of age. Forty-eight
children were randomized, and an additional twenty-seven
patients were entered into a parallel single-institution trial of
excluded patients. Moderate hypothermia was found to be safe
in children of all ages and in children with delay of initiation
of treatment up to 24 hours. Although hypothermia was asso-
ciated with decreased mortality and lower ICP during the first
72 hours of injury, it was associated with an increased potential
for arrhythmias and rebound ICP elevations (for up to 10–12
hours) after rewarming [87]. Therefore, moderate hypothermia
may be considered in refractory intracranial hypertension, but spe-
cial attention should be given to the possibility of cardiac arrhyth-
mias and rebound intracranial hypertension after rewarming.

The Role of Cerebral Spinal Fluid Drainage and
Decompressive Craniectomy

Intraventricular catheter placement or ventriculostomy can be
beneficial in children with severe TBI. A ventriculostomy allows
diagnostic measurement of intracranial pressures and thera-
peutic drainage of CSF. The drainage of CSF reduces intracra-
nial fluid volume and therefore lowers ICP.

Decompressive craniectomy (Figure 12.5) has been shown
to improve cerebral oxygenation [88] and cerebral blood flow
velocity [89] in adult patients with cerebral edema. Few studies
have been reported in pediatric patients on the benefits of sur-

gical decompression versus medical management in children
with severe TBI. A case-controlled study of thirty-five pedi-
atric and adult patients with malignant posttraumatic cerebral
edema [90] showed that bifrontal decompressive craniectomy
had an advantage over medical management. The advantage of
the surgical decompression was mainly seen in young patients,
in patients who underwent surgical decompression within 48
hours following their injury, and in patients who did not exhibit
a sustained ICP greater than 40 mmHg. In another study of
twenty-seven children with TBI, 54 percent of children, who
had a bitemporal decompressive craniectomy within 24 hours
of their injury, were normal or had a mild disability 6 months
following their injury versus only 14 percent of children in the
control group [91]. A study of twenty-three children younger
than 2 years of age with acute shaken-impact baby syndrome
[92] showed that decompressive craniectomy reduced mortal-
ity and hearing impairment in surgically treated children, and
patients with ICP less than 30 mmHg benefited most from the
surgery. Children with intracranial hypertension refractory to
medical management who may benefit from a decompressive
craniectomy are those with diffuse cerebral swelling on cranial
computed tomography (CT) imaging, who are seen within 48
hours of their injury, who have a GCS greater than 3 at some
point subsequent to their injury, who do not have a sustained
ICP greater than 40 mmHg before surgery, who have secondary
clinical deterioration, and those with evolving cerebral hernia-
tion syndrome [93]. Decompressive craniectomy is not indicated
in children with irreversible brain damage.
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Table 12.4: Suggested Guidelines for ICU Management of Patients with TBI

Central nervous system 1. Serial neurologic exams (in the absence of ICP monitoring and GCS >8)
2. Head elevated at 30◦ and in midline position
3. Sedation and pain control. Neuromuscular blockade if shivering and increased ICP
4. Maintain ICP <20 and CPP 40–65 mmHg
5. Mannitol and saline 3% therapies

Respiratory system 1. Ventilator support (tidal volume, 6–8 mL/kg)
2. Titrate ventilator setting to maintain adequate oxygenation (pulse oximetry >94%) and ventilation (PaCO2

35–40)
3. Serial arterial blood gazes (arterial line)

Cardiovascular system 1. Invasive hemodynamic monitoring (arterial line)
2. Central venous pressure (CVP) monitoring (central line)
3. Fluid resuscitation to maintain adequate CVP (5–10)
4. Pressors (such as phenylephrine) to sustain an adequate mean arterial blood pressure to support a CPP

between 40 and 60 mmHg.
5. Inotropic support (such as Dopamine or epinephrine if signs of myocardial depression)

Gastrointestinal system/
fluids and electrolytes

1. On admission keep patient NPO on isotonic solution (normal saline or Ringer’s lactate)
2. Monitor patient’s electrolytes and serum osmolarity (goal, 300–320 mOsm/L)
3. Stress ulcer prophylaxis (H2 blockers or proton pump inhibitors).
4. Resume feeds within 48 hours of the injury and advance as tolerated.
5. Serum glucose monitoring (goal of euglycemia. Consider continuous insulin infusion if hyperglycemia)

Renal system 1. Close monitoring of the urinary output (Foley catheter in place).
2. Monitor urine electrolytes and osmolarity if suspicious of diabetes insipidus, syndrome of inappropriate

antidiuretic hormone secretion, or cerebral salt-wasting syndrome.

Hematology system 1. Monitoring of patient’s hematocrit and coagulation
2. Correct coagulopathy (fresh-frozen plasma, platelets, Vitamin K, and Factor VII)

Infectious disease 1. Temperature monitoring. Cooling blanket to maintain moderate hypothermia – normothermia
(at 35–37◦C)

2. Antibiotics if ICP monitor in place
3. Daily surveillance cultures if patient on cooling blanket

ICU, intensive care unit; TBI, traumatic brain injury; ICP, intracranial pressure; GCS, Glasgow Coma Scores; CPP, cerebral perfusion pressure.

The Role of Barbiturate-Induced Coma

Barbiturates reduce ICP by suppressing cerebral metabolism
and metabolic demands leading to a decrease in cerebral blood
volume and ICP. However, barbiturates also reduce blood pres-
sure and therefore may adversely decrease CPP [94]. Eisen-
berg et al. [95] showed that high-dose pentobarbital controlled
ICP better than conventional therapy in seventy-three patients
(15 to 59 years old) with severe head injury and intractable
intracranial hypertension. Hypotension was the major cardio-
vascular complication seen with barbiturates use in the study.
A retrospective review of twenty-five children with severe TBI
[96] showed that high-dose barbiturates were associated with
hypotension, cardiovascular depression, and arrhythmias. In
a study of sixty-seven adult patients with severe head injury
and refractory intracranial hypertension, Cormio et al. [97]
showed that following a loading dose of pentobarbital, there
was an ICP decrease of 12 mmHg and a mean arterial pressure
decrease of 9 mmHg. CPP, however, was unchanged. CBF, cere-
bral oxygen consumption, and arteriovenous oxygen difference
also decreased following the loading dose of pentobarbital, by
20 percent, 31 percent, and 11 percent, respectively. In their
study 45 percent of their patients had a good response (with
a reduction in ICP from 34 ± 9 to 15 ± 5 mmHg) and

40 percent had a partial response (with a decrease in ICP that
remained >20 mmHg) after the initial loading dose of pento-
barbital. Responders to pentobarbital had a better outcome than
nonresponders. In comparison with nonresponders, respon-
ders to pentobarbital had cerebral oxygen consumption and
arteriovenous oxygen differences that were greater prior to the
barbiturate therapy and decreased more following the loading
dose. Therefore, barbiturate coma can be a useful treatment to
reduce ICP in selected patients who do not have an overwhelmingly
severe TBI with markedly reduced cerebral oxygen consumption.
The recommended dosage of pentobarbital is 10 mg/kg over
30 minutes as a loading dose followed by a continuous infusion
of 5 mg · kg−1 · h−1 as a maintenance dose [95]. Dosage should
be titrated to reach a burst suppression pattern on the electroen-
cephalogram. In addition patients should be hemodynamically
monitored to maintain adequate systemic blood pressure and
CPP.

Seizure Prophylaxis in TBI

Seizure activity in the early posttraumatic period follow-
ing head injury may cause secondary brain damage as a
result of increased metabolic demands, raised ICP, and excess
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GCS ≤ 8 Surgery is indicated

Insert ICP Monitor

Maintain CPP
(Age appropriate)

Sedation & analgesia
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ventriculostomy present
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May repeat if serum 
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Mild hyperventilation
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Second tier therapy

↑ ICP?

No

Figure 12.6. First-tier therapy of traumatic brain injury in children. GCS, Glasgow Coma Scale; ICP, intracranial pressure; CPP, cerebral perfusion
pressure; HOB, head of bed; CSF, cerebrospinal fluid; CT, computed tomography; PRN, as needed (reproduced with permission) [103].
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SECOND TIER 
THERAPY

↑ ICP despite first tier α?  
No surgical lesion on CT?

Working ventriculoatomy?
Open cisterns on 
concurrent CT?

Yes

Salwageable patient? 
Evidence of swelling 

of CT?

Active EEG? 
No medical concraindications 

to barbituates?

Consider lumbar drain

Evidence of hyperemia? 
No evidence of ischemia?

Consider hyperventilation 
to a PaCO2 < 30 mm Hg 

(Consider monitoring 
CBF, SjO2, AFDO2)

Consider unilateral 
decompressive cranectomy 

with duraplasty

Consider bilaseral 
decompressive cranectomy 

with duraplasty Evidence of ischemia?
No medical concraindications 

no hypothermia?

Consider moderate 
hypothermia (32–34°C)

Unilateral
swelling?

Bilateral
swelling?

Consider high dose
barbiruate therapy

Figure 12.7. Second-tier therapy of traumatic brain injury in children. ICP, intracranial pressure; CT, computed tomography; EEG,
electroencephalogram; CBF, cerebral blood flow; SjO2, jugular venous oxygen saturation; AJDO2, arterial-jugular venous difference in oxygen content
(reproduced with permission) [103].

neurotransmitter release [98]. In an observational study of 477
children with head trauma of whom 128 had severe TBI, the use
of seizure medications was associated with a reduced mortality
risk (odds ratio = 0.17; 95% CI = 0.04–0.70; P = 0.014) [99].
However, in another prospective randomized trial of 102 chil-
dren with moderate to severe head injury, phenytoin prophy-
laxis did not substantially reduce early posttraumatic seizures
(within 48 hours after injury) or survival and neurologic
outcome 30 days after injury [100]. Prophylactic ant-seizure
therapy remains optional in the management of severe TBI in
children.

The Role of Head Positioning

An improvement of ICP has been documented with head ele-
vation at 30◦ in patients with severe head injury. In a study
of thirty-eight patients with severe closed-head injury, Ng
et al. [101] showed a significant decrease in ICP without a sig-
nificant change in mean arterial pressure, CPP, global venous
cerebral oxygenation, or regional cerebral oxygenation. Hence,
head elevation within 24 hours following TBI reduces ICP with-

out concomitant alteration in cerebral oxygenation. In another
study of twenty-two patients with severe head injury, 30◦ versus
0◦ head elevation also significantly reduced ICP without reduc-
ing CPP, CBF, cerebral metabolic rate of oxygen, arteriovenous
difference of lactate, or cerebrovascular resistance [102]. There-
fore, elevation of the head of the bed to 30◦ will improve ICP
without compromising cerebral oxygenation. In addition, the
head should be maintained in the midline position to avoid
jugular compression, which may impair cerebral vascular
drainage. Spinal precautions should be maintained until the
cervical, thoracic, and lumbar spines can be cleared.

The Role of Other Therapeutic Modalities

Stress ulcer prophylaxis, adequate nutrition, and control of
hyperglycemia are essential components of the management
of high-risk, critically ill patients with severe TBI (Table 12.4).

A treatment algorithm for established intracranial hyper-
tension in pediatric TBI, developed by an expert panel, might
be used as a guideline to direct clinicians caring for children
with severe TBI (Figures 12.6 and 12.7) [103].
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M U LT I P L E C H O I C E Q U E S T I O N S

1. A child presents to the emergency room unresponsive, with
noxious stimulation his only response is decerebrate pos-
turing. His GCS is:

a. GCS of 3
b. GCS of 4
c. GCS of 6
d. GCS of 8

2. An indication to intubate a child (to protect his airways)
who presents with a traumatic brain injury:

a. GCS ≤14
b. GCS ≤12
c. GCS ≤10
d. GCS ≤8

3. Secondary brain injury seen in patient with traumatic brain
injury is associated with the following except:

a. Disruption of the blood–brain barrier
b. Cerebrovascular dysregulation
c. It peaks at 24 hours postinjury
d. Oxidative stress, inflammation, and apoptosis

4. Intracranial pressure monitoring is indicated in a child with
a GCS of:

a. GCS ≤14
b. GCS ≤12
c. GCS ≤10
d. GCS ≤8

5. In traumatic brain injury in children the goal is to main-
tain the intracranial pressure (ICP) and cerebral perfusion
pressure (CPP) at

a. ICP <30 and CPP >60
b. ICP <20 and CPP >40
c. ICP <15 and CPP >60
d. ICP <20 and CPP >80

6. How does mannitol reduce intracranial hypertension?

a. By reducing the intravascular volume secondary to its
diuretic effect

b. By increasing blood viscosity and increasing serum
osmolality

c. By reducing blood viscosity and shifting fluid from the
interstitial space into the intravascular space

d. By reducing blood viscosity and shifting fluid from the
intravascular space into the interstitial space

7. In traumatic brain injury:

a. Steroids significantly decrease cerebral edema.
b. Saline 3 percent solution increases cerebral edema.
c. Saline 3 percent solution decreases cerebral edema.
d. Steroids are indicated in adults but not in children with

traumatic brain injury.

8. Hyperventilation

a. Decreases cerebral perfusion
b. Increases cerebral perfusion
c. Has no effect on cerebral blood flow in children with

traumatic brain injury
d. Increases cerebral blood volume

9. When intracranial hypertension is refractory to medical
management, decompressive craniectomy is indicated if:

a. Performed early in the course of the TBI
b. Sustained ICP <40
c. GCS >3
d. All of the above

10. The use of a continuous infusion of propofol for sedation
in TBI may be associated with the following except:

a. Hyperlipidemia
b. Metabolic acidosis
c. Hyperglycemia
d. Discoloration of urine

A N S W E R S

1. b
2. d
3. c
4. d

5. b
6. c
7. c

8. a
9. d

10. c
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S U R G I C A L C O N S I D E R AT I O N S F O R S P I N A L

C O R D T R AU M A

Timothy Moore

Objectives
1. Differentiate between a complete and incomplete spinal cord injury.
2. Describe the clinical presentation of complete and incomplete spinal cord syndromes.
3. State the two major considerations for surgical treatment of spinal cord injuries.
4. Recognize unique surgical considerations in high cervical spinal cord injuries and unstable

thoracic injuries.

S U M M A RY

Surgery has greatly influenced the outcome of acute spinal cord
injuries. Surgery involves decompression and stabilization to
impart a stable motion segment while protecting the neurologic
elements from further injury. Controversy exists concerning the
role of corticosteroids and timing of surgery in acute spinal cord
injuries. There is a need for a reproducible classification system
to describe and dictate treatment for these injuries.

I N T R O D U C T I O N

Spinal cord injury (SCI) is a devastating event for the patient
and society. There are approximately 200,000 Americans with
SCI. A large percentage of these injuries involve males aged 20–
40 years. The cost to society in maintaining care and quality of
life is difficult to calculate.

Surgical intervention has made a significant impact on out-
come with these injuries. The development of improved spinal
instrumentation has allowed surgeons to approach the spine
from 360 degrees. Varied approaches allow decompression of
the neurologic elements and the ability to impart a stable spinal
segment that improves mobilization and rehabilitation.

The role of surgery in spinal cord injury continues to evolve.
A multidisciplinary approach is necessary to optimize outcome
in spinal cord injuries. The orthopedic or neurologic surgeon
remains a key component in the treatment of the patient with an
acute traumatic event. These patients are best served by a center
that provides optimal care from the day of injury to the final
day of spinal cord rehabilitation. Access to spinal cord injury

centers has been shown to decrease the proportion of complete
injuries and mortality.

PAT T E R N S O F N E U R O L O G I C I N J U RY

SCIs usually result from a high-energy mechanism. Most of
these injuries involve a motor vehicle crash, fall from height,
penetrating trauma, or sports injuries. Anatomically, spinal
cord injuries can occur from the occiput to the level of the
conus medularis (Figure 13.1). In the cervical spine, the most
common level of injury is C5 followed by C4, then C6. The
next level most commonly involved is T12. Injuries below the
conus most often result in cauda equina syndrome or lower-
extremity peripheral nerve injuries. Cauda equina syndrome
involves a mixture of upper and lower motor neuron signs with
variable bowel and bladder symptoms.

Specific anatomic variants make certain patients prone to
more devastating neurologic injury. Congenital cervical steno-
sis from ossification of the posterior longitudinal ligament
decreases the space available for the neurologic elements. Minor
traumatic events in this setting can have devastating conse-
quences. The patient in Figure 13.2 fell from standing, striking
his head on a wall. The patient was unable to move his extremi-
ties and lost control of his bladder. He presented to our trauma
center about 3 hours after the fall with labored respirations and
no motor function below his trapezius (cranial nerve 11). This is
an example of minimal trauma causing a devastating complete
spinal cord injury in the setting of severe cervical stenosis.

The type of neurologic injury is important to clarify upon
presentation. The accurate diagnosis of a neurologic injury is
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Figure 13.1. (A) Midsagittal T2 MRI of normal cervical spine and spinal
cord. Injuries to the cervical spine can produce every type of neurologic
injury from complete spinal cord injury to nerve root compression pro-
ducing radicular deficit. (B) Midsagittal T2 MRI of normal thoracic spine
and spinal cord. Injuries to the thoracic spine tend to cause either devas-
tating spinal cord injury or render the patient neurologically normal. (C)
Midsagittal T2 MRI of normal lumbar spine, spinal cord, conus medu-
laris, and cauda equina. Injuries involving these levels can produce the full
spectrum of neurologic injuries from complete spinal cord injury to conus
medularis syndrome to cauda equina syndrome to radicular nerve injury.

best conveyed to the patient and family as soon as possible.
Spinal shock (differentiated from neurogenic shock – a hemo-
dynamic phenomenon) is a controversial scenario character-
ized by loss of bulbocavernosus reflex lasting up to 48 hours
after an acute injury. It refers to the loss of reflexes and flac-
cidity seen after SCI. Some physicians feel complete SCI can-
not be diagnosed until resolution of spinal shock. A patient
may present with what appears to be a complete SCI only to
have return of the bulbocavernosus reflex after spinal shock has
resolved. The American Spinal Injury Association (ASIA) has
formulated a comprehensive evaluation of spinal cord func-

tion (Figure 13.3). Complete spinal cord injury is defined as an
injury with no motor or sensory function below a certain level.
The motor level is defined as the lowest level at which there
is at least 3/5 strength on both sides of the body. Sacral spar-
ing cannot be present in a complete SCI. An incomplete injury
exists if any motor or sensory function remains or if there is
sacral sparing. Sacral sparing is defined as sphincter tone and
sensation present to some degree.

Neurologic injury can be classified in many ways. Sur-
geons tend to look at neurologic injury from a strict anatomic
standpoint. Injuries can be viewed as a spectrum from a
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Figure 13.2. Midsagittal T2 MRI of a 62-year-old male who fell from
standing height in his home. Patient was immediately unable to move
his extremities and lost control of his bladder. Patient has significant
ossification of the posterior longitudinal ligament causing baseline severe
stenosis of his cervical spinal cord.

Figure 13.3. American Spinal Injury Association Neurological Classification of Spinal Cord Injury.

neurologically intact state to complete SCI. Deficits can be fur-
ther characterized as lower motor versus upper motor neuron
injuries.

Lower motor neuron injuries tend to present with unilateral
extremity findings. Sensory deficits tend to follow a dermatomal
pattern that is suggestive of the level of injury. Motor deficits
involve the extremity musculature supplied by the injured nerve
root. Investigations often find compression of a specific nerve
root by fracture anatomy, hematoma, or some other type of
extrinsic compression. A superior articular facet fracture with
displacement is a common injury that often involves radicular
symptoms from compression of the nerve root by the displaced
fracture fragment (Figure 13.4).

Upper motor neuron injuries often involve a lesion of the
spinal cord above the level of the conus. These injuries are
characterized as complete or incomplete injuries. Complete
injuries carry a poorer prognosis for recovery than do incom-
plete injuries. Complete injuries can result from multiple eti-
ologies. Spinal cord infarcts can result from vascular insuffi-
ciency (Figure 13.5). Spinal cord transection can result from
direct trauma to the supporting bony and ligamentous struc-
tures (Figure 13.6).

A traumatic injury to the conus medularis can create a
pattern characterized by both upper and lower motor neu-
ron findings. These injuries often involve both hyper- and flac-
cid reflexes, mixed bowel and bladder findings, with peripheral
nerve root involvement to a varying degree.
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Figure 13.4. Sagittal CT scan through the facet joints showing a supe-
rior articular facet fracture of C7. Patient presented after a motor vehicle
crash with unilateral triceps weakness and dysesthesias in the C7 der-
matome. The patient was treated with Gardner–Wells traction to reduce
the subluxated facet and then taken to the operating room for an anterior
cervical diskectomy and fusion at C6–7 with complete resolution of his
radicular symptoms.

Incomplete injuries to the cervical spine often involve syn-
dromes of neurologic findings. Central cord syndrome usually
occurs in a cervical spine with significant degenerative changes
and stenosis. It is often caused by a hyperextension mecha-
nism causing a “pinching” of the spinal cord and damage to the
central fibers. Patients with this type of injury see neurologic
improvement 50 percent of the time. Central cord syndrome
usually occurs in a spine with significant spondylosis. The cen-
tral fibers of the spinal cord are injured. The upper extremities
are more affected than the lower extremities. Patients can have
transient quadriplegia but soon resolve to upper extremity loss
of motor and sensation, while the lower-extremity symptoms
tend to resolve.

Brown–Sequard syndrome involves damage to one side
of the spinal cord. This most often occurs from penetrating
trauma. The syndrome is characterized by ipsilateral motor and
position sense loss and contralateral pain and temperature loss
below the level of injury. This incomplete syndrome carries the
best prognosis for recovery in that up to 90 percent of patients
can see some form of neurologic recovery.

Anterior cord syndrome involves damage to the ante-
rior spinal cord often from a vascular insult to the anterior
spinal artery. The mechanism most responsible is a flexion–
compression force to the cervical spine. Patients often lose
motor function below the level of the injury. The hallmark of
this injury is preservation of deep pressure and vibratory sensa-
tion. This syndrome carries the poorest prognosis for recovery
with less than 20 percent of patients gaining any neurologic
recovery.

Posterior cord syndrome is extremely rare and involves
damage to the posterior columns, resulting in loss of deep pres-

Figure 13.5. Midsagittal T2 MRI of the thoracic spine showing multiple-
level spinal cord edema resulting from spinal cord infarct in a polytrauma
patient.

sure and vibration. These patients cannot ambulate without
visual feedback.

The ASIA has adopted a modification of the Frankel classi-
fication that has allowed providers effective communication,
prognosis, and treatment direction in dealing with neuro-
logic injuries (Figure 13.7). The ASIA score is designated once
spinal shock has resolved. This assessment allows for rehabil-
itation protocols to be established and instituted in a timely
manner.

S U R G E RY

Surgery has always played a controversial role in the care of
spinal cord injuries. Spinal cord injuries have been consid-
ered injuries without the likelihood of functional improvement.
Because of the efficiency of first responders, establishment
of trauma centers, and advancements in surgical techniques,
surgery can have a profound effect in the functional recovery
of spinal cord-injured patients. Surgical intervention should be
considered if there is any extrinsic compression of the neuro-
logic elements or if the spine is considered unstable.
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Figure 13.6. (A) Midsagittal CT scan of bilateral facet fracture dislocation of C5–6. (B) Midsagittal T2 MRI after emergent reduction showing near
transection of the cervical spinal cord with edema extending up to the level of the C3–4 disk space. This patient underwent surgical stabilization
without any neurologic return.

Surgery for SCIs is a highly specialized field. Orthopedic
surgeons who have completed a spine fellowship with trauma
exposure are qualified to care for traumatic SCIs. Neurologic
surgeons get exposure to traumatic spinal injuries during their
residency but often choose a fellowship that provides them
more exposure to these injuries. Orthopaedic or neurosurgical
providers who care for these injuries tend to work in tertiary
care centers often affiliated with university programs involved
in teaching residents and ancillary care givers. Most providers
feel a patient’s outcome is optimized by early intervention of a
center with the resources and care for these highly specialized
injuries. The role of the trauma team at such a center is to iden-
tify patients with potential spine injuries. Until these injuries
are ruled out, the patient must remain in full spinal immobi-
lization, including a cervical collar. If an injury is identified on
radiography or if the patient has a neurologic deficit, a consult
should be obtained from either the neurosurgical or orthopedic
service.

There are two considerations in the surgical treatment of
patients with SCI: stabilization and decompression. There are
many scenarios to consider. Spinal cord injury without radio-
graphic abnormality (SCIWORA) is uncommon but can be fol-
lowed without surgical intervention. More common is extrin-
sic compression of the neural elements creating the neurologic
injury. This scenario often involves some element of spinal
instability. A surgeon must consider both the decompression
and stabilization when evaluating the patient.

While most providers agree surgery plays an important role,
controversy exists concerning administration of steroids, tim-
ing of surgery, and techniques of stabilization. Because of the
devastating nature of SCIs, it has been difficult to complete ran-
domized, prospective studies looking at the efficacy of surgical

intervention. Most providers make decisions based on their
experience and the protocols established by the institution in
which they provide care.

Administration of Steroids

Administration of high-dose steroids is felt by many to limit
the secondary effects of SCIs. There has been a large amount
of research involving the efficacy, timing, dosage, duration, and
morbidity of this treatment. The National Acute Spinal Cord
Injury Study has been established to make recommendations
concerning the role of methylprednisolone in SCIs. Despite
three summits, controversy still exists regarding the benefit of
steroid treatment.

The use of steroids is ultimately the decision of the treating
physician and treatment protocols established by their institu-
tion. In a recent study of 305 providers, 90 percent routinely
implement steroids in acute SCIs but only 20 percent feel that it
improves clinical outcome [1]. Many providers and institutions
feel there may be legal ramifications if steroids are not utilized.
However, there are significant side effects and morbidity associ-
ated with this treatment. Multiple organ systems are affected by
the administration of high-dose steroids. Most of these effects
have been shown in the rat model [2] and many feel that these
effects cannot be extrapolated to humans.

Most providers feel that the use of steroids is at best con-
troversial. The author feels that the use of steroids should be
utilized on a case-by-case basis. A fracture dislocation in the
midthoracic spine with complete SCI is different from a uni-
lateral facet dislocation at C6–7 with an incomplete SCI. In
midthoracic injuries, the risks of the treatment outweigh the
benefits. There is minimal functional improvement that can be



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-13 CUFX276-Smith-v2 May 12, 2008 17:26

S U R G I C A L C O N S I D E R A T I O N S F O R S P I N A L C O R D T R A U M A ■ 2 0 7

ASIA IMPAIRMENT SCALE

CLINICAL SYNDROMES 
(OPTIONAL)

A = Complete: No motor or sensory 
       function is preserved in the sacral 
       segments S4-S5.

B = Incomplete: Sensory but not motor 
       function is preserved below the 
       neurological level and includes the 
       sacral segments S4-S5.

C = Incomplete: Motor function is pre- 
      served below the neurological 
      level, and more than half of key 
      muscles below the neurological 
      level have a muscle grade less 
      than 3.

D = Incomplete: Motor function is pre- 
      served below the neurological 
      level, and at least half of key 
      muscles below the neurological 
      level have a muscle grade of 3 
      or more.

E = Normal: Motor and sensory func- 
       tion are normal.

Central Cord
Brown-Sequard

Anterior Cord
Conus Medullaris
Cauda Equina

Figure 13.7. American Spinal Injury Association (ASIA) Impairment
Scale.

expected in midthoracic injuries. Motor improvement in the
cervical spine can have a huge effect on rehabilitation, ability
to transfer, and independence in activities of daily living. The
level of injury is a major factor in steroid utilization. Sayer et al.,
in a recent review of the literature, concluded that there was
insufficient evidence to support the use of methylprednisolone
in acute SCIs [3]. Steroids are not indicated for SCI secondary
to penetrating trauma.

Timing of Surgery

Even more controversial than steroid administration is the tim-
ing of surgery in spinal cord injuries. Many factors play a role in
the timing of surgery. Patients involved in high-energy mecha-
nisms may not be medically optimized for early surgical inter-
vention. Strict adherence to Advanced Trauma Life Support®
(ATLS®) protocol with respect to injury diagnosis and resus-
citation is paramount in decreasing mortality and prioritizing
care. Evaluation of the patient’s spine may be safely deferred,
especially in the presence of hemodynamic instability, as long
as the spine is immobilized properly.

Studies have shown that recovery in SCI depends on degree
of extrinsic spinal cord compression, initial severity of neuro-

logic injury, and duration of neurologic compression. Animal
models have shown improvement in motor function with early
decompression [4, 5]. These results have not been shown in
humans [6, 7]. Multiple studies have shown decreased mor-
bidity, shorter length of acute hospital stay, and safety of early
surgery [7–11]. These studies have failed to show an improve-
ment in neurologic function over late decompression.

Anderson and Bohlman [12, 13] have shown neurologic
improvement in complete and incomplete quadriplegics with
late decompression. These decompressive operations were per-
formed, on average, 15 months (in the complete injuries) and
13 months (in the incomplete injuries) after the trauma. Late
decompression up to 4.5 years after has also been shown to
improve dysesthetic pain in thoracolumbar injuries [14].

Most surgeons feel that decompression of the neurologic
elements can benefit patients with traumatic injuries. The opti-
mal time of the decompressive surgery remains controversial.
Incomplete injuries are usually decompressed in an emergent
or urgent manner. The prognosis for complete injuries remains
poor, and urgent decompression does not appear to affect func-
tional recovery.

Unique Surgical Considerations

Spinal cord injuries can create unique scenarios that the surgi-
cal team must consider when preparing for surgery. The sur-
geon’s goal is for the patient to come through the operation with
a stable spine and decompressed neurologic elements. These
operations often involve the use of spinal cord monitoring and
specialized intubation and positioning techniques.

Positioning a patient with an unstable spine can be a chal-
lenge. A patient with an unstable cervical fracture-dislocation
and incomplete neurologic injury often requires awake fiberop-
tic tracheal intubation without manipulation of the head and
neck (see Chapter 2). Spinal cord monitoring can be obtained at
baseline and checked during and after positioning of the patient.
Unstable thoracic injuries that are treated posteriorly often
necessitate awake supine tracheal intubation on a table capable
of atraumatic prone positioning. A 52-year-old man sustained
the injury in Figure 13.8A from a fall from 25 feet. Physical exam
revealed an incomplete spinal cord injury with decreased sen-
sation below the level of the fracture-dislocation. This injury is
unstable in that it involves all three columns of the spine and the
spinal cord is in jeopardy of sustaining further injury if reduc-
tion and stabilization of the fracture-dislocation is not accom-
plished. Surgical considerations include both decompression
and stabilization. The patient was taken to the operating room
and placed supine on a flat Jackson table. Awake intubation
was accomplished without any change in neurologic status.
Spinal cord monitoring was accomplished in the supine posi-
tion and baseline potentials were obtained. The prone Jack-
son board with posts was placed on top of the patient. The
patient was “flipped” to the prone position and asked to move
his feet while the spinal cord monitoring was evaluated for any
changes. General anesthesia was then induced by the anesthesia
team. The patient underwent posterior stabilization with pedi-
cle screw instrumentation (Figure 13.8B) and woke up neuro-
logically intact. The act of rolling the patient to the prone posi-
tion reduced the fracture-dislocation enough to decompress
the spinal cord. The spinal cord monitoring potentials actually
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Figure 13.8. (A) Midsagittal T2 MRI showing T4–5 fracture dislocation and “tenting” of spinal cord over T5
vertebral body. (B) Lateral thoracic radiograph after posterior pedicle screw stabilization showing near anatomic
reduction of the T4–5 fracture-dislocation. The reduction was achieved by simply positioning the patient in the
prone position and reducing the upper screws into the lower thoracic screws with a straight bar.

improved from the supine to prone position. The patient
remains neurologically normal now two years after his injury.

Many patients with high cervical spinal cord injuries will
require long-term ventilatory support. If decompression and/or
stabilization are required, the timing of tracheostomy must be
considered. If a stabilization procedure is required, this might
be accomplished through a posterior approach. Percutaneous
tracheostomy can be performed safely without increasing sur-
gical site infections if done 6–10 days after the spinal procedure
[15].

Decompression of the Neurologic Elements

As mentioned earlier, there are two surgical considerations in
traumatic SCIs: decompression and stabilization. Often there
is some element of extrinsic compression causing or contribut-
ing to the neurologic deficit. This compression can be caused
by bone, disk herniation, hematoma, or foreign bodies, as in
gunshot injuries. Magnetic resonance imaging (MRI) plays a
major role in determining the nature of neurologic compres-
sion. Many providers feel that patients with acute traumatic
SCIs should be transported to an institution with 24-hour MRI
capability.

Dislocations in the cervical spine are common and often
present with varying degrees of neurologic injury. The anatomy
of the facet joints render them susceptible to dislocation with
and without fractures. Facet dislocations impart instability
through the facet and anterior column. These dislocations can
be reduced with skeletal traction on presentation to the trauma
center. Accurate assessment of spinal cord function on presenta-
tion has been discussed previously. A lateral cervical spine x-ray
(Figure 13.9A), computed tomography scan (Figure 13.9B), and
MRI (Figure 13.9C) are important studies to obtain. Once the

diagnosis of cervical facet dislocation with neurologic injury
is made, urgent reduction should be undertaken. Reduction
can be accomplished by skeletal traction with serial neurologic
assessments in a cooperative patient (Figure 13.9D).

Decompression of the neurologic elements is the most
important factor in determining the approach utilized in trau-
matic spinal surgery. In the cervical spine, decompression is
usually accomplished by the anterior approach. Decompression
can involve single-level diskectomies to multiple-level corpec-
tomies. Rarely does the injury pattern necessitate a posterior
approach. This is illustrated by a lamina fracture with displace-
ment ventrally causing compression of the spinal cord (Figure
13.10).

The thoracic spine is relatively stiff. Thoracic injuries tend to
be stable without neurologic injury or grossly unstable with dev-
astating injury to the spinal cord. Most of these injuries either do
not require decompression or can be effectively decompressed
by rolling the patient to the prone position. Decompressing the
spinal cord posteriorly can be accomplished by a transpedic-
ular approach where the pedicles are removed to the level of
the posterior vertebral body. This allows access to the ventral
surface of the spinal cord through the posterior approach.

Decompression of the thoracolumbar (T10–L2) spine
remains controversial among providers. A reproducible, vali-
dated classification system that provides an algorithm for treat-
ment and prognosis does not exist. Vaccaro et al. [16] have
recently presented a classification system based on fracture mor-
phology, neurologic injury, and the integrity of the posterior
osteoligamentous complex. This system is promising to repro-
ducibly characterize these injuries while directing the surgeon
in the surgical approach for decompression and stabilization.
In a recent summit attended by twenty-one of the world’s lead-
ing neurologic and orthopedic trauma spinal surgeons, there
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C D

Figure 13.9. (A) Lateral cervical spine radiograph showing traumatic subluxation of C4–5. (B) Sagittal CT through facet joints showing C4–5 facet
dislocation. (C) Midsagittal T2 MRI showing C4–5 subluxation and large disk fragment causing spinal cord compression. (D) Lateral cervical spine
radiograph taken after the patient was placed in Gardner–Wells traction and reduced. The patient underwent anterior cervical diskectomy and fusion
with resolution of his central cord syndrome about 3 months after the injury.
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Figure 13.10. Axial CT scan through C7 showing displaced lamina and
lateral mass fractures necessitating posterior approach for decompres-
sion.

was fairly high agreement in surgical decision making when
presented with different types of injuries [17]. Presently, most
providers feel that the anterior approach affords a more thor-
ough decompression of the spinal cord, conus medullaris, and
cauda equina. This approach is often utilized for incomplete
SCIs. Surgery usually involves a retroperitoneal approach, cor-

A B

Figure 13.11. (A) Midsagittal T2 MRI showing C5 fracture with retrolisthesis causing spinal cord compression. (B) Lateral cervical spine radiograph
postoperatively after C5 corpectomy C4–6 cervical fusion with iliac crest bone graft and anterior instrumentation.

pectomy of the fractured vertebrae, strut graft, or structural
cage placement and instrumentation of the vertebrae above and
below the injury. If the posterior osteoligamentous complex is
involved, the anterior procedure is often augmented by poste-
rior stabilization. If the neurologic injury is purely radicular,
this can be effectively decompressed from a standard midline
posterior approach.

Stabilization

Usually surgery in traumatic SCIs involves both decompression
and stabilization. However, operative stabilization of an injured
vertebral segment often needs to be performed in neurologically
intact patients. This procedure usually involves fusion of at
least one motion segment. A surgeon cannot make the patient
any better than “neurologically intact.” The risk of iatrogenic
neurologic injury with the surgeon always exists, but it is a more
important consideration when operating on a patient with an
unstable injury without a neurologic deficit.

In the cervical spine, stabilization can be accomplished by
either an anterior or posterior approach. The anterior approach
involves diskectomy and/or corpectomy with bone graft (auto-
or allograft) reconstruction and fusion with or without hard-
ware. Posterior approaches involve stabilization with lateral
mass instrumentation with bone grafting. In general, the ante-
rior approach is better tolerated than posterior. The surgical
stabilization approach can be performed based on the surgeon’s
preference. The surgeon must critically analyze each injury and
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assess which approach will give the patient stability with the
fewest motion segments being fused. Many times the injury
warrants a combined approach with extensive anterior and pos-
terior reconstructions. Brodke et al. studied fifty-two consec-
utive patients with traumatic spinal injuries. They found that
there was no difference in outcomes comparing the anterior to
the posterior approach [18].

Stabilization procedures for the thoracic and lumbar spines
are usually performed through a posterior approach. The use
of pedicle screws has allowed the spine surgeon predictable and
safe instrumentation for most unstable injuries. As mentioned
before, anterior decompression procedures often need posterior
augmentation. These procedures can be performed under one
anesthetic or staged based on the condition of the patient.

The stability of a motion segment is not always apparent to
the surgeon. Posttraumatic instability can evolve at the time of
injury or years after the injury. Most surgeons tend to brace trau-
matic injuries and monitor them with sequential radiographs.
Certain injuries are prone to instability and therefore are often
treated with surgical stabilization. Cervical injuries that cause
neurologic deficits usually require decompression of the neu-
rologic elements. The decompression renders the motion seg-
ment(s) unstable necessitating a stabilization procedure (Figure
13.11).

C O N C LU S I O N

Surgery is an important aspect in the multidisciplinary
approach to improving function of SCI patients. The opti-
mal timing, pharmacologic benefit, and surgical approach con-
tinue to evolve. Only through continued basic science research,
improvement in spinal instrumentation, and development of
classification systems and treatment protocols will surgeons be
able to maximize their contribution to the care of these highly
specialized patients.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Spinal cord injuries most commonly occur in what
population?

a. Age 60 and older
b. Children under 15 years
c. Males between 20 and 40 years
d. Females between 20 and 40 years
e. Males between 15 and 30 years

2. What are the two most important considerations when con-
sidering surgery for a patient with a spinal cord injury?

a. Stabilization of the motion segment and bracing
b. Decompression of the neurologic elements and stabiliza-

tion
c. Restoration of neurologic function and pain relief
d. Prevention of deep venous thrombosis/pulmonary

embolus and early mobilization
e. Reduction of dislocations and decompression

3. Which statement is true concerning surgery for spinal cord
injuries?

a. Most surgeons feel that patients with extrinsic compres-
sion of the neurologic elements benefit from decompres-
sion.

b. Steroids have been shown to definitively improve neuro-
logic function.

c. Neurologic recovery has been shown in humans with
early decompression.

d. Early surgery leads to prolonged hospital stays.
e. Late surgery has been shown to improve motor function

in cervical level injuries.

4. Which statement is FALSE concerning recovery in spinal
cord injuries?

a. Dependent on initial severity of neurologic injury
b. Dependent on duration of neurologic compression
c. Dependent on degree of extrinsic compression
d. Early decompression has shown improvement in motor

function in animal studies
e. Early surgery increases morbidity

5. When considering surgery for high cervical injuries,

a. A right-sided anterior approach is used to avoid signifi-
cant swelling.

b. Tracheostomy should be performed before spine surgery.
c. Percutaneous tracheostomy can be performed without

increasing surgical site infection after spine surgery.
d. Posterior cervical stabilization should always be per-

formed to avoid tracheostomy.
e. Intubation is prolonged to protect the patient’s airway.

6. What determines the approach (anterior or posterior) for
surgery in spinal cord injuries?

a. Decompression of the neurologic elements
b. Habitus of the patient
c. Respiratory function
d. Level of the neurologic injury
e. Comfort level of the surgeon

7. Which of the following is not a factor in assessing injuries
in the thoracolumbar (T10–L2) region?

a. Neurologic status
b. Fracture morphology
c. Presence of cauda equina syndrome
d. Timing of the injury
e. Integrity of the posterior osteoligamentous complex

8. In dealing with injuries of the thoracolumbar spine,

a. Posterior instrumentation provides better stability.
b. Decompression is better accomplished from an anterior

approach.
c. Anterior instrumentation provides better stability.
d. Decompression is better accomplished from a posterior

approach.
e. Timing has an effect on neurologic outcome.
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9. Which statement is FALSE concerning surgery for injuries
of the cervical spine?

a. Both anterior and/or posterior approaches can be uti-
lized.

b. Neurologic decompression dictates the approach.
c. Posterior approaches are better tolerated than anterior.
d. Posterior stabilization involves instrumentation of the

lateral masses.
e. Injury may warrant anterior AND posterior approaches.

10. Concerning posttraumatic instability, which statement is
TRUE?

a. Determined at the time of injury
b. Dictates which surgical approach is used
c. Determines use of steroids
d. Can be treated with bracing exclusively
e. May evolve years after the injury

A N S W E R S

1. c
2. b
3. a
4. e

5. c
6. a
7. d

8. c
9. c

10. e
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A N E S T H E S I A F O R S P I N A L C O R D T R AU M A

M. Sean Kincaid and Arthur M. Lam

Objectives
1. Review the prevalence and types of spinal cord injuries.
2. Evaluate airway management choices in patients with spinal cord injuries.
3. Review the implications of spinal cord injuries on intraoperative anesthetic management.
4. Discuss the anesthetic implications of neuromonitoring in patients with spinal cord injuries.

Spinal cord injury (SCI) is a common traumatic injury that
often requires hospitalization and surgical intervention. As a
result, the anesthesiologist encounters many patients with SCI
at various stages of their hospitalization, both in and out of the
operating room. There are several aspects of their care, includ-
ing airway management, initial resuscitation, and intraopera-
tive management, that require a particular understanding of
their disease and for which the anesthesiologist is particularly
suited.

P R E VA L E N C E A N D E T I O L O G Y O F S P I N A L
C O R D I N J U RY

Spinal column injury encompasses a wide range of pathologies,
from the minor to the life-threatening. The bony structure of
the spine encloses, protects, and supports the spinal cord. Injury
may occur anywhere from the articulation of the cervical spine
with occiput to the sacrum. It may include fractures of the bone
or ligamentous injury, and it may or may not have underlying
cord damage, the presence of which would define SCI. Insult to
the cord comprises a spectrum of disease depending on the loca-
tion of the injury and the nature of the deficit (see Chapter 13).

A population-based study evaluating spinal column injury
in a Canadian community demonstrated less than a 6 per-
cent incidence of neurologic injury in persons who sustain a
spinal column fracture [1]. Studies specifically of SCI suggest
an annual incidence of approximately 50 per 1,000,000 persons,
[2, 3] with men much more likely than women to sustain a cord
injury. In addition, the age distribution appears to be bimodal,
with peaks in the third and eighth decades [3]. The mean age
may be anticipated to climb in societies where the population
is ageing and the prevalence of diseases such as osteoporosis is
increasing.

Motor vehicle collisions remain the number one source of
SCI. Falls and violent trauma are second and third, although
the magnitude of the contribution of these two depends on the
level of violence of the population that is studied.

A N AT O M Y O F T H E S P I N A L C O R D

The spinal column is the bony structure made up of the seven
cervical, twelve thoracic, five lumbar vertebrae, as well as the
sacrum. The spinal cord exits the skull through the foramen
magnum and enters the canal formed by the vertebral bodies.
In the adult, the cord terminates at approximately the lower
aspect of the first lumbar vertebral body. The spinal column
protects the cord while also supporting the body and allowing
movement through articulation of each vertebral body with
adjacent bodies.

Adequate blood supply to the entire cord is essential. The
anterior two-thirds of the spinal cord is supplied via the anterior
spinal artery, which arises from the vertebral arteries. As this
artery runs caudad the length of the cord, it receives contribu-
tion from radicular arteries via intercostal vessels. The artery of
Adamkiewicz is the most important radicular vessel, typically
joining the anterior spinal artery in the lower thoracic region
and providing blood to the thoracolumbar cord. The poste-
rior one-third of the cord is supplied by two posterior spinal
arteries, which arise from posterior branches of the vertebral
arteries and also receive contribution from radicular arteries
(Figure 14.1).

T Y P E S O F S P I N A L C O R D I N J U RY

Primary Injury

Injury to the spinal cord typically involves bony and/or lig-
amentous injury to the spinal column, although there is an

2 1 3
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Figure 14.1. Vascular supply of the spinal cord.

entity more common in children than adults called spinal cord
injury without radiographic abnormality (SCIWORA). Frac-
ture and ligamentous damage can cause primary injury to the
cord through various mechanisms, including canal compro-
mise with direct injury to the cord and disruption of blood
flow to the cord.

The cord can be completely transected, but this rarely
occurs. Instead, the nature of the initial damage is likely medi-
ated through a combination of insults, including compression,
hemorrhage, and vasospasm, all of which result in cord ischemia
and infarction. This primary injury cannot be modified by the
clinician.

The nature of the bony injury is important as it will guide
further management of the patient regardless of the SCI (see
Chapter 13). The purpose of the spinal column is to provide
support to the individual while protecting the spinal cord and
nerve roots. An unstable injury puts the neural elements at
risk and will necessitate some intervention to provide stability,
which may be application of a brace or surgical intervention.
As a result, determining the stability of the injury is essential.
Spinal stability is a complex issue, with some disagreement as
to the best manner to assess it, but the most common system
is Denis’s three-column approach [4], which was developed

for the thoracolumbar spine. In this system, the anterior col-
umn contains the anterior longitudinal ligament, as well as
the anterior half of the vertebral body and disc. The middle
column contains the posterior half of the vertebral body and
disc, as well as the posterior longitudinal ligament. The pos-
terior column contains the facets, pedicles, spinous processes,
and interspinous ligaments. Instability occurs when a fracture
disrupts two or more columns. As a result, injuries such as com-
pression fractures, which affect the anterior column, are stable.
Burst fractures, affecting the anterior and middle column, and
flexion-distraction injuries, affecting the anterior and posterior
columns, are both unstable [5]. Examples of common spine
injuries are shown in Figures 14.2–14.6.

Secondary Injury

As in the setting of cerebral ischemia, there may be some neu-
rologic tissue in the injured cord that is nonfunctioning but
remains viable. The goal of care in the patient with SCI is to pre-
vent secondary injury, thereby maintaining the viability of this
tissue. Secondary injury is mediated through a cascade of dele-
terious events that occur subsequent to the ischemia, including
up-regulation of inducible nitric oxide synthase (iNOS), release
of excitotoxic amino acids, cellular influx of calcium, and acti-
vation of phospholipase. The resultant release of arachidonic
acid leads to thromboxane and prostanoid production, which
causes vasoconstriction and worsens ischemia. In addition, free
radicals are generated. These free radicals exert oxidative stress
on tissue, but also combine with nitric oxide to form perox-
ynitrite, resulting in lipid peroxidation. Increasingly it is rec-
ognized that release of cytokines triggering an inflammatory
process may also play a role in secondary injury.

Hypotension due to hemorrhage or loss of systemic vaso-
motor tone further exacerbates the secondary injury by wors-
ening ischemia.

Central, Anterior, Posterior, and
Brown–Séquard Injuries

Injury to the cord will present with a different clinical picture
depending on the location and severity of the injury (Table 14.1,
Figure 14.7).

A complete cord lesion is one in which no signal is trans-
mitted below the level of the injury. No sensory information is
carried back to the brain, and no motor or autonomic control
is transmitted distally.

Central cord syndrome is a cervical spine lesion probably
caused via hemorrhage into the cord following trauma. It is
characterized by greater severity of paresis in the upper extrem-
ities than in the lower, as well as bladder dysfunction, and vari-
able loss of sensory function below the lesion.

Anterior cord syndrome is generally due to disruption of
blood flow through the anterior spinal artery at the level of
the injury, either from a bone fragment or herniated disc. The
resultant ischemic injury to the anterior portion of the cord
disrupts motor function below the level, but has a variable effect
on sensory function. Pain and temperature tracts are typically
interrupted as well, but proprioception remains intact.

Posterior cord injury is a rare entity in which the dorsal col-
umn, carrying touch, vibration, and proprioception, is com-
promised.
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Figure 14.2. Two images of a patient’s cervical spine with traumatic unilateral jumped facet.

Brown–Séquard syndrome is characterized by interruption
of the lateral half of the spinal cord, typically through penetrat-
ing trauma. It is rare to see a patient with the full spectrum of
findings in Brown–Séquard. These would include loss of motor
and touch sensation ipsilateral to the lesion, with pain and tem-
perature sensation lost contralateral to the lesion.

Cauda equina syndrome is the result of injury below the
level of the conus, or caudal end of the cord, typically below L2.
The cauda equina is compressed, typically resulting in perineal
or “saddle” anesthesia, urinary retention, fecal incontinence,
and a varying degree of lower-extremity weakness.

American Spinal Injury Association (ASIA)
Classification

In an effort to categorize the nature of the injury, the ASIA
classification was developed (Table 14.2). This system rates cord
injuries by using an Impairment Scale (letters A through E).
ASIA A is a complete cord lesion in which no motor or sensory
function is preserved in the sacral segments S4–S5. ASIA B is
incomplete, with only sensory function spared below the lesion,
including S4–S5. ASIA C indicates an incomplete injury where
more than half the important muscle groups below the injury
have motor scores of less than 3. ASIA D is an incomplete injury
where more than half of the muscle groups have motor scores

of 3 or better. ASIA E indicates a neurologically intact indivi-
dual.

C O M M O N C O M O R B I D I N J U R I E S

Spinal cord injury from trauma does not always occur in iso-
lation. Concomitant traumatic injury to other organ systems
is quite high. Injury to the cervical spine is associated with
blunt cerebrovascular injury [6], traumatic brain injury [7],
and facial fractures [8]. Thoracic trauma is also associated with
vascular injury [9], in addition, one must consider the possi-
bility of pneumothorax, blunt cardiac injury, and pulmonary
contusion, with trauma to the thorax (see Chapters 17 and
18). Lumbar spine fractures may be associated with bowel and
solid viscus injury [10]. Furthermore, many of the associated
injuries, including extremity long-bone fractures, may involve
significant hemorrhage.

The anesthetic considerations for each of these comorbidi-
ties are reviewed in other chapters in this book (see Chapters 3,
10, and 16). It is important to realize the nature and severity of
the patient’s traumatic injuries, however.

In addition to concomitant trauma, we can expect an
increasing trend in the number of preexisting diseases for the
SCI population as the mean age increases. Coronary artery
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Figure 14.3. (A) A lateral plain film of the cervical spine demonstrating anterior-extension injury. (B) Also seen in the sagittal CT reconstruction.

Figure 14.4. Images of the cervical spine in a patient with ankylosing spondylitis who suffered an extension-distraction injury, with obvious canal
compromise.
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Figure 14.5. A radiograph (A) and CT image (B) showing bilateral facet override.

disease, chronic obstructive pulmonary disease, and chronic
kidney disease all complicate the anesthetic management of a
patient with SCI.

C L I N I C A L M A N I F E S TAT I O N S O F I N J U RY

In addition to varying degrees of motor and sensory deficit
below the level of the SCI, hypotension is commonly seen.
Episodes of hypotension in these patients are often mislabeled as
spinal shock. Although trauma victims may have many reasons
to demonstrate circulatory shock, such as hemorrhage and car-
diac dysfunction, spinal shock is a specific condition that refers
to the loss of normal spinal cord reflexes below the level of the
injury. The spinal shock includes a loss of sympathetic auto-
nomic activity, with decreased vascular tone. High thoracic or
cervical spine injuries also result in unopposed parasympathetic
activity at the heart due to disruption of the cardiac accelerator
fibers. In addition to baseline hypotension, these patients are
at particular risk for orthostatic hypotension, as they cannot
compensate for dependent venous pooling.

The loss of spinal cord reflexes is not permanent. Nor-
mal and abnormal reflexes begin to return over time. Ditunno
et al. [11] have proposed a four-phase model of spinal shock
that describes a timeline for the loss and subsequent return
of reflexes, with a resultant state of hyperreflexia by 1 to
12 months.

I N I T I A L M A N AG E M E N T

Urgent Airway Management

Initial management of the patient with spine trauma follows
the standard practices of care for trauma patients in general,
with initial emphasis on airway, breathing, and circulation as
outlined in Advanced Trauma Life Support by the American
College of Surgeons. Endotracheal intubation can be particu-
larly difficult in the patient with SCI, especially if the lesion is
in the cervical spine (see Chapter 2). In addition, tracheal intu-
bation frequently needs to be accomplished before the presence
or location of an injury can be confirmed. As a result, many
acute trauma patients who require urgent or emergency endo-
tracheal intubation are treated as if they had a cervical spine
injury. The goal of intubation is to secure the airway with as
little movement of the cervical spine as possible.

The standard urgent or emergent intubating technique for
someone with a presumed or known cervical spine injury is
a rapid sequence induction with cricoid pressure and manual
inline stabilization (see Chapters 2 and 9). In nonemergent
cases, or in cooperative patients with unstable fractures, awake
or asleep fiberoptic intubation may be appropriate (see section
on Anesthetic Induction and Airway Management)

Succinylcholine remains the gold standard for rapid
sequence intubation. Although there are numerous contraindi-
cations to the use of succinylcholine, acute injury to the spinal
cord is not a contraindication.
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Table 14.1: Cord Syndromes

Syndrome Description

Central cord Cervical lesion with upper- greater than lower-extremity paresis

Anterior cord Anterior spinal artery disruption with loss of motor below lesion

Posterior cord Rare, with loss of touch, vibration, and proprioception below lesion

Brown–Séquard Interruption of lateral half of cord, with loss of ipsilateral motor and touch, and loss
of contralateral pain and temperature

Cauda equina Compression of nerve roots below conus, with saddle anesthesia, urinary retention,
and fecal incontinence

Hemodynamic Stabilization

Due to the loss of sympathetic tone in many cases of SCI,
the patient becomes relatively hypovolemic. Isotonic crystal-
loid resuscitation is appropriate. In addition, other concomi-
tant injuries may cause significant blood loss, which will also
necessitate aggressive resuscitation with crystalloid and possi-
bly blood products. Excessive volume resuscitation, particu-
larly in combination with a poorly functioning heart, can be
deleterious, however. Ongoing assessment of volume status is
essential. Not all hypotension should be treated with more vol-

ume, particularly if hemorrhage has been controlled. Further
volume at this point may only worsen cardiac and pulmonary
function.

Inotropic agents and vasopressors should be instituted in
addition to adequate volume resuscitation when an adequate
perfusion pressure cannot be maintained. Care should be taken
to avoid masking hypovolemia or ongoing blood loss. The
choice of pressor must be based on the clinical picture and
individualized to the patient and his or her comorbidities.
Patients with isolated injuries to the lower cord frequently do
not require any such agents to maintain an adequate systemic

A

B C

Figure 14.6. Axial (A and B) and sagittal CT (C) images demonstrating multiple cervical spine fractures.
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Table 14.2: American Spinal Injury Association (ASIA)
Classification of Spinal Cord Injury

ASIA A Complete No motor or sensory in sacral segments
S4–S5

ASIA B Incomplete Sensory spared below lesion, including
S4–S5

ASIA C Incomplete Motor score ≤3 for >50% of major
muscle groups

ASIA D Incomplete Motor score >3 for >50% of major
muscle groups

ASIA E Intact No motor or sensory deficit

blood pressure. Higher cord lesions result in greater sympathec-
tomy, vasodilation, and thus increased vascular capacitance.
Although volume is beneficial in this setting, a pure alpha ago-
nist such as phenylephrine is a reasonable choice to restore vas-
cular tone. Patients with higher lesions, in the upper thoracic or
cervical spine, with concomitant hypotension and bradycardia
are not well served by phenylephrine. Dopamine is a reason-
able choice to restore both cardiac inotropy, chronotropy, and
peripheral vascular tone.

Radiologic Evaluation

As part of the secondary survey of the trauma patient, the radi-
ologic evaluation is frequently initiated with anterior-posterior
(AP) chest, pelvis, and lateral cervical spine films. In a hemo-
dynamically stable and neurologically intact patient without
distracting injuries or recent use of sedatives or opioids follow-
ing a trauma with minimal mechanism for serious spine injury,
the radiologic evaluation of the spine may stop at this point.
In fact, patients who meet the above criteria may be able to
forego radiologic evaluation of the spine entirely [12]. Clinical
evaluation for tenderness to palpation and with movement may
be sufficient to clear the spine, but there is some controversy
regarding which criteria best select patients who do not need
radiographic imaging [13].

Obviously most major trauma patients do not meet these
criteria, and further evaluation is necessary. The best approach
to imaging of the spine is controversial, however, and dictated by
the stability of the patient, the nature of the neurologic deficit,
and the extent of other injuries [14]. In addition, with the
continued improvement of both the resolution and speed of
computed tomography (CT) scans, the role of plain films is
likely to diminish over time.

A B C D

Figure 14.7. Several types of spinal cord injuries. (A) Cross-sectional representation of the uninjured spinal cord.
(B) Brown–Séquard, with unilateral injury to gray and white matter. (C) Central cord syndrome, with sparing
of the tracts near the surface of the cord. (D) Anterior cord syndrome due to disruption of the anterior spinal
artery.

Thorough evaluation of the cervical spine requires AP, lat-
eral, and open-mouth odontoid films. With a tracheally intu-
bated trauma patient, a cervical spine CT may be more practical.
In addition, should any abnormality be noted on plain film, a
CT scan through the area is essential.

Plain films of the thoracic and lumbar spine are indicated
in trauma patients who are unexaminable, have definite cervi-
cal spine injury or neurologic deficit, have sustained significant
trauma to the chest, have injuries that frequently coexist with
spine injuries in this region, or have other indications of sig-
nificant mechanism, such as a seat belt sign [15]. Inadequate
plain films should be followed up with a CT scan through the
region. Injuries on plain films should also prompt further CT
imaging.

While CT scans are most sensitive for bony injury, magnetic
resonance imaging (MRI) is well suited to detect soft tissue
injury, including SCI. The role for MRI in evaluation of the spine
in the acute period is currently unclear. Its utility is somewhat
limited by the length of time to acquire an image. There are,
however, several situations in which it is clearly useful. The
presence of a neurologic deficit that is inconsistent with the
injury found on plain films and CT should prompt an MRI
evaluation. In addition, patients without radiographic evidence
of injury who have neurologic deficit may have SCIWORA and
should certainly undergo MRI evaluation.

SCIWORA, first described by Pang and Wilberger [16] is a
type of SCI found in the pediatric population characterized by
an absence of bony injury despite the presence of neurologic
deficit. The malleability of the pediatric spine allows inappro-
priate movement of the spinal column with insult to the cord,
which may be detected on MRI as cord transection, hemor-
rhage, or edema [17].

Role for Steroids

Methylprednisolone has become a common therapy for patients
with neurologic deficit following SCI. Its use was precipitated by
the NASCIS (National Spinal Cord Injury Study) II and III stud-
ies from the 1990s, which showed clinically important improve-
ment in the motor function of patients with SCI [18–20].
Although these changes in motor function are modest, one
to two levels of improvement of motor level can be quite sig-
nificant if the injury is in the cervical spine. The results of the
studies confirming benefit of methylprednisolone have been
criticized, [21] however, and some centers do not regard steroids
as standard of care. There are numerous reasons why avoidance
of systemic steroids might be desirable if they are not indi-
cated, such as their association with hyperglycemia, infection,
and polyneuropathy of critical illness. In addition, because the
SCI patient population has a high incidence of comorbid head
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injury, it is worthwhile to consider a large randomized study
of methylprednisolone therapy in patients with head injury,
which found an increased risk of death in patients receiving
methylprednisolone both at two weeks [22] and at six months
[23].

If steroids are harmful to the brain, can they really be bene-
ficial to the remainder of the central nervous system in trauma?
We have no definitive answer for this question. It is difficult to
reconcile the findings of NASCIS with those of CRASH (Corti-
costeroid Randomization After Significant Head injury), how-
ever. In the setting of combined spine and brain injury, is the
benefit of steroids sufficient to justify their use? The benefit
of methylprednisolone is modest, and its use in someone with
concomitant traumatic brain injury is probably inappropriate.
Arguments can be made for administering steroids in certain
circumstances, however. For example, one might argue that in
the setting of a mild traumatic brain injury and a mid-cervical
spine injury, the benefit of a modest improvement in motor
function, which could mean the difference between long-term
ventilator support and the ability to breathe without assistance,
the potential benefit outweighs the risk of methylprednisolone.
Ultimately the decision to use steroids must be carefully con-
sidered on an individual basis by the clinician caring for the
patient.

Timing of Surgical Intervention

The purpose of surgical intervention is to decompress the neu-
ral structures and stabilize the spinal column to prevent fur-
ther injury to the cord. Management of the patient with SCI
frequently requires intervention for comorbid life-threatening
trauma, such as intraabdominal or pelvic hemorrhage (see
Chapters 10 and 15). Surgical decompression of the spinal cord
with fixation of the spinal column must wait until the patient is
clinically appropriate for the procedure. If the patient remains
hemodynamically unstable or develops acute respiratory dis-
tress syndrome, then the delay may be significant, from days to
weeks. Although there are data to suggest that early operative
fixation of isolated SCI decreases the length of stay in the inten-
sive care unit (ICU), [24] improved neurologic outcome has
been demonstrated thus far, primarily in animal models, not in
humans; [25] early fixation (within 24 hours) is probably most
appropriate for cervical spine injuries with tetraplegia [26, 27].

I N T R AO P E R AT I V E M A N AG E M E N T

Anesthetic Induction and Airway Management

If a patient with SCI did not require endotracheal intubation
in the prehospital or emergency department setting, then he
or she will need further airway management upon presenta-
tion to the operating room (OR). Given the less urgent nature
of intubation in this setting, options in addition to the rapid
sequence intubation with inline stabilization may be explored
by the anesthesiologist.

By the time some patients arrive in the OR for surgery,
they may have been cleared both radiologically and clinically of
cervical spine injury. The technique for induction of anesthesia
and endotracheal intubation should therefore be determined
by their other injuries, comorbidities, and airway exam.

Patients with confirmed cervical spine injury require careful
planning, however. These patients will undoubtedly be immo-

bilized in either a cervical collar or Halo device. A rapid sequence
induction remains a viable option, particularly in someone who
is unable to cooperate with an awake procedure. If the patient
has fasted, a standard induction followed by intubation with
inline stabilization may be a reasonable option as well. Some
consideration should be given to the risk of aspiration, however.
Even if sufficient time has passed since the last meal, the stom-
ach may not have emptied adequately for a standard induction.
The stress of trauma, narcotics, and ileus due to SCI may all put
the patient at risk for aspiration.

The most conservative approach to airway management in
this setting is the awake fiberoptic oral-endotracheal or nasal-
endotracheal intubation (see Chapter 2). Glycopyrrolate can be
used to decrease secretions and oxymetazoline is used to pre-
vent nose bleeds if the nasal route is chosen. This technique
requires thorough application of topical anesthesia to the air-
way. There are numerous ways to accomplish this task. The top-
ical anesthetic of choice is plain lidocaine, as the complication
of methemoglobinemia with benzocaine can obscure the clin-
ical picture during airway management and harm the patient
[28]. Aerosolization of 4 percent lidocaine to the tongue and
oropharynx for an oral intubation, or nasal mucosa and poste-
rior oropharynx for a nasal intubation is sometimes sufficient.
Gargling and panting after some lidocaine has accumulated in
the posterior oropharynx will facilitate further topicalization of
the glottic and subglottic regions. The adequacy of the topical
anesthesia can be determined by assessing the patient’s ability
to tolerate insertion of an oral airway. If the patient gags, then
it is removed, and further lidocaine is applied.

Applying lidocaine specifically to the airway below the vocal
cords may not be necessary if the patient has managed to aspi-
rate some lidocaine while panting. A transtracheal instillation
of lidocaine may be performed, however. This technique is par-
ticularly useful for diminishing coughing once the endotracheal
tube is inserted and its cuff inflated. With this technique, a skin
wheal is made directly over the cricothyroid membrane with
1 percent lidocaine. A 20 G angiocatheter is then attached to
a syringe containing lidocaine. The angiocatheter is advanced
through the membrane while withdrawing on the plunger of the
syringe. When air is aspirated in the syringe, the angiocatheter
is advanced, and the needle is removed. The syringe is then
attached directly to the catheter, and lidocaine is instilled. This
technique may be safer than direct instillation via a needle, as
the chance of coughing and movement at the time of lidocaine
administration is high.

Topicalization of an airway is time-consuming and difficult
to accomplish in some patients who are particularly anxious
or uncooperative. If such a patient is an appropriate candidate
for bag mask ventilation, then fiberoptic intubation may be
accomplished after induction of anesthesia.

The fiberoptic intubation, whether awake or asleep, can be
accomplished either from the head of the bed, or at the side of
the patient. It is appropriate to develop proficiency with both
techniques, as situations such as chin-on-chest deformity may
require fiberoptic intubation from the side.

Anesthetic Technique

Most surgery for spine trauma carries with it significant risk
of blood loss. An arterial catheter is therefore appropriate, as it
allows serial measurements of hematocrit, as well as continuous
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blood pressure monitoring (see Chapters 4 and 5). In addition,
the respiratory variation of the arterial line, or reversed pulsus
paradoxus, [29] is a useful indicator of a volume responsive
state [30]. In patients who were otherwise healthy prior to their
injury and who do not require ongoing inotropic or vasopressor
support at the time of surgery, an arterial line may be the only
invasive monitor necessary.

In large thoracic or lumbar spine surgeries, particularly in
the prone position, central venous access is warranted. In addi-
tion to providing more access for volume resuscitation, trans-
ducing a central venous pressure (CVP) is helpful for monitor-
ing filling pressures of the right heart. The value of the CVP is
controversial, however. It does allow calculation of ocular per-
fusion pressure (OPP = MAP – CVP). Although there are cur-
rently no data to support the notion that an adequate ocular per-
fusion pressure decreases the incidence of postoperative visual
loss, maintaining an ocular perfusion pressure of 60 mmHg
is reasonable. In addition, in the absence of traumatic brain
injury, an ocular perfusion pressure in this range should also
ensure an adequate cerebral perfusion pressure (CPP, which
can also be calculated as the difference of mean arterial pres-
sure and CVP unless intracranial pressure is elevated, in which
case CPP = MAP – intracranial pressure). The CVP is not a
useful measure for determining volume status, however; it is
neither a good indicator of preload nor a predictor of cardiac
function in response to volume administration [31].

Although some literature suggests a benefit to managing
older patients with trauma with a pulmonary artery catheter,
[32] its use certainly cannot be routinely recommended (see
Chapter 5). A recent large study has demonstrated that the
complications associated with pulmonary artery catheter use
are similar to those of central line placement [33]. Therefore,
although there may be few clear indications for their use, place-
ment of a pulmonary artery catheter can certainly be justified
in sick patients with poor cardiac function, especially in those
in whom fluid management is difficult and vasopressor therapy
is required. The recent development of arterial line-based car-
diac output monitoring may diminish the need for pulmonary
artery catheter use, however.

Neuromonitoring

The goal of surgery in the setting of SCI is not only to stabi-
lize the spinal column, but also to prevent further injury to the
cord. Unfortunately, the surgery itself, such as achieving frac-
ture reduction or placing hardware, has potential for causing
further injury. Intraoperative neuromonitoring is frequently
performed in order to minimize further risk to the cord (see
Chapter 5). Several modalities are used commonly, and each has
specific anesthetic implications. The general term for this type
of neuromonitoring is evoked potential monitoring. A small
stimulus is applied to the patient, it is transmitted through a
specific pathway in the nervous system, and subsequently mea-
sured at its termination, where the continued presence of signal
indicates an intact pathway. Because the magnitude of the sig-
nal in evoked potential monitoring is so small, summation of
successive repetitive signals is necessary in order to distinguish
the signal from other electrical activity.

Patients with complete SCIs will have no transmission of
signal through the lesion, and neuromonitoring is therefore not
possible. It is, however, reasonable to perform some baseline

measurements in patients who are thought to have complete
injuries. If some signal persists, then it may be worth the effort
to preserve it.

Somatosensory evoked potentials (SSEP) are the most com-
mon type of intraoperative neuromonitoring for spine surgery.
An electrical stimulus is applied peripherally, and the signal is
measured by using scalp electrodes over sensory cortex. In the
context of spine surgery, SSEP monitoring is useful for con-
firming the integrity of the posterior column where afferent
pathways predominate. A 50 percent decrease in the amplitude
of the signal associated with a surgical intervention is consid-
ered clinically significant and should cause the surgeon to revise
the ongoing surgical plan. In addition, a 10 percent increase in
signal latency probably shares the same significance.

Volatile anesthetics decrease amplitude and increase latency
in a dose-dependent manner. In addition, nitrous oxide also
impairs signal amplitude. If only SSEP monitoring is per-
formed, then low-dose volatile anesthetic combined with gen-
erous opioid supplementation is a reasonable anesthetic tech-
nique. SSEP is also well preserved with intravenous anesthetics,
even in the setting of EEG burst suppression. A total intra-
venous anesthetic (TIVA) is therefore an appropriate alternative
to volatile anesthetic.

Because SSEP only detects injury to the sensory pathways
of the spinal cord, isolated injury to descending pathways could
potentially be missed. Motor evoked potentials (MEPs) have
become an increasingly common technique for detecting injury
to efferent motor tracts, and thereby complement SSEP for
spinal cord monitoring. This technique involves depolariza-
tion of the motor cortex via transcranial electrical or magnetic
stimulation. The latter method is not feasible for intraoperative
monitoring, however, so electrical stimulation is used exclu-
sively. Electromyographic potentials are then recorded over
muscles in the lower extremities.

The MEP is much more sensitive to the effects of anesthetics
than SSEP. TIVA is essential for adequate signal quality. A con-
tinuous infusion of propofol with either remifentanil, sufen-
tanil, or fentanyl is appropriate. In addition, neuromuscular
relaxants must be avoided.

Visual evoked potential monitoring is accomplished
through stimulation of the retina with light from light-emitting
diodes in goggles worn by the patient, with subsequent mea-
surement of cortical electrical activity. The use of visual evoked
potentials for intraoperative monitoring is uncommon because
of the profound effect of anesthetics on signal quality. In fact,
it has traditionally been viewed as a useless intraoperative
device [34]. Recent concern over postoperative visual loss has
prompted exploration of its application to prone spine surgery,
however.

Although not an evoked potential, spontaneous elec-
tromyography (EMG) can be monitored simultaneously with
SSEP and MEP. This technique relies on the strong motor
activity that occurs when a nerve root is irritated by the sur-
geon. EMG in an adequately anesthetized patient should be
minimal, but surgical contact with a large peripheral nerve
should stimulate activity. This monitoring modality is par-
ticularly useful in either cervical or lumbar spine surgery,
when the surgeon is working around nerve roots that form
either the brachial plexus or lumbar sacral plexus. Anesthetic
considerations include avoidance of neuromuscular relax-
ants.
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Patient Positioning

Patient positioning for spine surgery requires the same careful
attention to pressure-point padding and neutral extremity posi-
tioning as with any surgery (see Chapter 16). The prone posi-
tion is somewhat more difficult to achieve satisfactory padding,
however. Whether using the Mayfield device to hold the head
in pins or a prone pillow, it is essential to be certain that there
is no pressure on the globes or nose. The pillow may move over
time, and the eyes should be checked periodically. In addition,
slight reverse Trendelenburg may facilitate venous drainage
from the head and reduce congestion and intraocular pressure
[35]. Padding on the chest must not creep up and compress
the neck, as this too may obstruct venous drainage. Other areas
of concern in positioning include the breasts, which may suffer
from pressure necrosis, and the male genitalia, which should not
be compressed. The knees and toes also are at risk for pressure
sores.

Temperature Regulation

Due to loss of cutaneous vasomotor tone below the level of
their lesions, patients with SCI have difficulty with thermoreg-
ulation and are therefore at risk of developing hypothermia
in the acute period. Although there is evidence that mild to
moderate hypothermia in the setting of central nervous sys-
tem injury decreases mediators of secondary injury, [36] there
is yet no clear evidence for therapeutic hypothermia in SCI
patients (see Chapter 29). Therefore, these patients should be
kept normothermic. The problem of poikilothermia in SCI
presents no new challenges to the anesthesiologist, however,
because all patients become so when maintained on a volatile
anesthetic.

Glucose Management

Tight glycemic control has become the standard of care in crit-
ically ill surgical patients following a prospective study in 2001,
which demonstrated both a mortality and morbidity benefit
from maintenance of serum glucose between 80 and 110 mg/dL
[37]. In addition, hyperglycemia is deleterious in the setting of
traumatic brain injury [38]. Apart from animal model data, [39]
there is little information regarding the effect of hyperglycemia
on SCI. Without compelling evidence to the contrary, it is rea-
sonable to assume that hyperglycemia is as harmful in SCI as
brain injury. Many patients with SCI become hyperglycemic
either from the stress of the injury or from the subsequent
effects of methylprednisolone. As such, insulin should be used
in these patients for aggressive glucose management while these
patients are in the ICU, and probably also while they are in the
operating room.

Goals for glucose management in the operating room are
difficult to define, however. The prospective studies on glucose
management have been in the ICU setting. There is a paucity
of outcome data on intraoperative glucose control in patients
undergoing noncardiac surgery. Any intervention in this setting
must weigh the risks of insulin therapy against the potential
benefits of euglycemia. Again, there is little published litera-
ture on either side of this issue. Given the clear association
between hyperglycemia and harm in central nervous system
injury, which is likely true of the spinal cord as well, admin-

istering insulin via a continuous infusion is probably indi-
cated if serum glucose levels are checked sufficiently often to
avoid hypoglycemia. In major spine surgeries, where frequent
blood gas analyses are performed, achieving glucose levels below
140 mg/dL, and even as low as 110 mg/dL, is reasonable.

C O M P L I C AT I O N S O F A N E S T H E S I A F O R
S P I N E S U R G E RY

Postoperative Visual Loss

Although there are many potential complications of spine
surgery, including massive hemorrhage, venous air embolism,
myocardial infarction, pulmonary edema, and pressure necro-
sis, the complication of postoperative visual loss is of partic-
ular concern in prone spine surgery, although it can occur in
other settings [40] (see Chapter 23) The visual loss is commonly
bilateral and due to ischemic optic neuropathy, although reti-
nal artery occlusion and cortical blindness may also occur [41].
These incidents of visual loss occur despite the absence of pres-
sure on the eyes from positioning errors. Ischemic optic neu-
ropathy is associated with blood loss and hypotension, but most
certainly has a multifactorial etiology, including anatomic vari-
ation in the vasculature of individual patients [42]. Given the
increasing recognition of this problem, determining whether a
patient has experienced any visual changes is an integral part
of the postoperative evaluation. Visual complaints warrant an
immediate ophthalmology consult.

Late Issues of Spinal Cord Injury

Muscle denervation via SCI results in rapid up-regulation of
acetylcholine receptor isoforms across the muscle belly, not
just localized to the neuromuscular junction, which are stim-
ulated by acetylcholine, succinylcholine, and choline [43]. The
profound hyperkalemia that can result from the use of suc-
cinylcholine, described by Gronert and Theye [44] in 1975, is
potentially lethal. Although it is unclear at what point succinyl-
choline use becomes unsafe, it is probably appropriate to avoid
it after 48 hours postinjury (see Chapter 9).

Although the return of spinal cord reflexes following SCI
mitigates the problems of hypotension and orthostasis, a new
problem, that of autonomic hyperreflexia, also arises several
months after injury. Autonomic hyperreflexia is more com-
monly a problem in persons with SCI above T6. It is char-
acterized by episodes of profound hypertension, which likely
results from unmodulated sympathetic discharge originating
below the lesion in the cord as a result of sensory stimulation.
It may also be accompanied by baroreflex-mediated bradycar-
dia. Although it can arise intraoperatively, as a result of surgical
stimulation, deepening the anesthetic is therapeutic.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Concerning spinal cord injuries:

a. In patients sustaining a spinal column fracture, the inci-
dence is ≤6% in a Canadian study.

b. They are more common in women than men.
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c. Motor vehicle collisions are an unlikely mechanism of
injury.

d. The presence or absence of osteoporosis is unlikely to
affect the incidence.

2. Identify the correct statement regarding anatomy of the
spinal cord

a. It is made up of 8 cervical, 11 thoracic, 5 lumbar and
sacral segments.

b. The anterior two-thirds of the spinal cord is supplied via
the anterior spinal artery, which arises from the inter-
costal arteries.

c. The artery of Adamkiewicz is an important radicular
artery providing blood to the thoracolumbar cord.

d. The cord terminates at approximately L4 in adults.

For questions 3–6, match the statement with the correct answer.

S TAT E M E N T S

3. Associated with worsening of original injury (secondary
injury)

4. Spinal cord injury without radiographic abnormality

5. Central cord syndrome

6. Brown–Séquard syndrome

a. Occurs more commonly in children than adults
b. Hypotension due to hemorrhage or loss of systemic vaso-

motor tone
c. Increased upper- versus lower-extremity weakness, asso-

ciated with bladder dysfunction, and variable loss of sen-
sory function below the lesion.

d. Loss of motor and touch sensation ipsilateral to the
lesion, with pain and temperature sensation lost con-
tralateral to the lesion.

A N S W E R S

1. a
2. c

3. b
4. a

5. c
6. d
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M U S C U L O S K E L E TA L T R AU M A

Heather A. Vallier and Mark D. Jenkins

Objectives
1. Define goals in the management of musculoskeletal trauma.
2. Discuss the potential advantages and disadvantages of early fracture fixation.
3. Describe patient and injury characteristics necessary to formulate a treatment plan.
4. Develop treatment strategies for urgent and emergent musculoskeletal problems.

G E N E R A L A P P R OAC H T O
M U S C U L O S K E L E TA L T R AU M A C A R E

Introduction

Trauma is the leading cause of death and disability in the
United States in people under the age of 45 years, accounting
for more than 100,000 deaths each year, and annual medical
expenses of more than $200 billion [1–3]. Most trauma-related
deaths are associated with closed-head injuries or exsanguina-
tion shortly after the injury. Patients who survive the initial
traumatic event are at risk for various life-threatening com-
plications, many of which are directly related to their muscu-
loskeletal injuries. Trauma care is evolving to address the initial
musculoskeletal insult and treat or avoid secondary complica-
tions. Essential goals of treatment include resuscitation, pain
relief, improved stability and alignment, enhanced mobility,
and ultimately restoration of function.

Goals of Treatment

Resuscitation
The American College of Surgeons Committee on Trauma

has developed Advanced Trauma Life Support (ATLS) protocols
to aid in the initial evaluation and resuscitation of the trauma
patient [4]. These validated protocols are practiced at trauma
centers throughout the United States and involve primary, sec-
ondary, and tertiary surveys of the patient. The primary sur-
vey is a stepwise evaluation of airway, breathing, circulation,
disability, and exposure. This primary survey is followed by
a secondary survey in which a detailed history and physical
examination is completed. The tertiary survey involves serial
evaluations of the patient’s status during their hospital course.

Initial evaluation will identify the location and severity
of injuries and determine the patient’s physiologic status,

including the presence of shock. There are four types of shock:
hypovolemic, cardiogenic, obstructive, and distributive. Mus-
culoskeletal injuries are associated with hemorrhage. Hypo-
volemic shock is most frequently encountered in trauma
patients, especially those with pelvis and long-bone fractures.
Shock results in tissue hypoperfusion, hypoxemia, activation
of the inflammatory cascade, and immune dysfunction [86].
Reduction and fixation of fractures will generally promote con-
trol of hemorrhage and the pathophysiology of shock, aiding
in the resuscitation of the patient.

Pain Relief
Pain is a patient’s essential early-warning system that an

injury has occurred. It is an invaluable tool that can be used to
identify injuries in the multiple-trauma patient, especially dur-
ing the secondary and tertiary surveys. Painful stimuli from an
injury aid in diagnosis of the problem and initiation of treat-
ment, so that further damage of the surrounding structures
can be avoided. Despite these beneficial aspects of pain, pain
induces sympathetic discharge that can contribute to a hyperin-
flammatory response, increasing the risk of morbidity and mor-
tality in severely injured patients [5]. Pain also leads to splinting
and impaired ventilation, which causes atelectasis. Atelectasis
may result in hypoxemia or pneumonia. Additionally, pain can
adversely affect the outcome of an injury by becoming the pri-
mary focus of the patient and their family. Uncontrolled and
constant pain contributes to continued immobility leading to
thromboembolic events, decreased motion, pulmonary com-
plications, and even death.

Therefore, prompt yet judicious pain control is critical in
the care of the multiply injured patient (see Chapter 34). Pain
control can be achieved by several different methods. Fracture
stabilization, whether provisional or definitive, will provide
some pain relief. Reduction of dislocated joints significantly

2 2 5



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-15 CUFX276-Smith-v2 May 12, 2008 17:29

2 2 6 ■ VA L L I E R A N D J E N K I N S

decreases pain. These and other interventions combined with
various medications including nonsteroidal anti-inflammatory
drugs, opiates, analgesics, antidepressants, and anticonvulsants
can be used effectively to maximize patient comfort and re-
covery.

Stability and Alignment
Early stabilization and restoration of alignment of fractures

is an essential step in the resuscitation and pain relief of trauma
patients. Unstable pelvis, acetabulum, and femur fractures are
often definitively managed within the first 24 hours [6–10]. The
urgency and type of stabilization varies among different types
of injuries and will depend on the overall status of the patient.
It ranges from a simple splint placed in the field providing
axial stability to early appropriate operative care restoring frac-
ture alignment and placing complex implants. General princi-
ples of management for long-bone fractures, like the tibia and
femur, include correction of longitudinal, angular, and rota-
tional malalignment. Definitive treatment is frequently with
intramedullary nails, but plates and external fixators can also
be used to accomplish these goals. Articular fractures, involving
joint surfaces, demand strict attention to anatomic reduction
and rigid internal fixation, commonly with plates and screws.
These procedures are often undertaken on a delayed basis, sev-
eral days or even weeks after injury, to allow for swelling around
the fracture to decrease, reducing the risk of wound-healing
problems and infections [11, 12]. Provisional external fixation
spanning the injured joint is frequently done to control frac-
ture alignment and to provide pain relief for these complex
intraarticular lower-extremity fractures.

Enhanced Mobility
By stabilizing musculoskeletal injuries, a patient’s mobility

can be maximized throughout the entire trauma-related event.
Improved mobility of the multiply injured patient has posi-
tive effects and can start in the field when traction and splints
are applied. Even crude initial splints facilitate nursing care
and decrease secondary insult due to injury during transport.
Definitive stabilization of individual fractures permits a patient
to initiate early range of motion of the associated joints and to
optimize their flexibility. The benefits of enhanced mobility go
beyond the pain relief and obvious functional and psychologic
gains. A patient with restored mobility is at decreased risk of
venous stasis, deep venous thrombosis, and pulmonary emboli,
which can be fatal. Improved mobility decreases the need for
continued nursing care, allows for earlier hospital discharge,
and ultimately facilitates the return to preinjury level of func-
tion.

Restoration of Function
The ultimate goal of trauma care and intervention is to

return the patient to his or her preinjury status. This can involve
a simple nonoperative treatment plan or multiple different pro-
cedures and possibly a multistaged reconstruction that can take
many months. Many patients with multiple injuries do not
reach a level of maximal function for up to 24 months. Treat-
ment of musculoskeletal injury thus has a dramatic impact on
the patient and society due to the demographics of trauma
patients. The typical trauma patient is a young male laborer,
contributing significantly to the workforce. In addition to the

direct costs of medical treatment and rehabilitation, indirect
costs of lost productivity due to premature morbidity and mor-
tality are substantial. Optimization of all aspects of trauma care
will restore function and minimize costs to society.

Timing of Musculoskeletal Care

Acute versus Subacute Injuries
The timing and type of treatment in a patient with multiple-

system trauma and fractures are controversial and should be
undertaken in a collaborative fashion with members of the team
providing care. Life-threatening and limb-threatening mus-
culoskeletal injuries are addressed emergently. These include
patients with massive hemorrhage from pelvic fracture or mul-
tiple long-bone fractures, arterial injury in an extremity, and
compartmental syndrome. In these situations, orthopedic man-
agement contributes to resuscitation and promotes viability of
life and limb. Other musculoskeletal injuries should be treated
on an urgent basis. These include open fractures, unstable
pelvis, acetabulum, or femur fractures, hip fractures, and dis-
located joints.

Definitive management for most other articular fractures,
and isolated extremity injuries can be on a subacute basis. This
ensures that the systemic resuscitation for the trauma has been
completed, nutrition has been addressed, and underlying med-
ical conditions have been evaluated and optimized. Further-
more, many articular injuries have severe soft tissue swelling
that precludes open reduction and internal fixation in the first
few days. Extensile surgical approaches for some of these frac-
tures, like the tibial plateau or plafond or the calcaneus, can
result in disastrous soft tissue complications and infections
[11, 12].

Provisional versus Definitive Fixation
The majority of multiply injured patients have muscu-

loskeletal injuries. These and other injuries place the patient
at risk for various complications such as fat embolism, adult
respiratory distress syndrome (ARDS), and sepsis. Since the
introduction and standard practice of early fracture fixation,
the benefits have proved to be multifactorial. Many studies
have documented the positive effects of early fracture man-
agement in reducing morbidity and mortality [6–10, 13–17].
Reduction and stabilization of fractures stops bleeding and pro-
vides pain relief. Early fixation allows early and enhanced mobi-
lization, better pulmonary function, improved wound care,
diminished wound complications, and ultimately better func-
tion. These effects are even more profound in patients with
multiple-system injury versus those with an isolated fracture
(Table 15.1).

In terms of timing, the concept of early fixation has evolved
from weeks to hours. In 1982, Goris et al. published a report
that supported fixation within the first 24 hours to reduce the
morbidity, ARDS, and sepsis rates [13]. Johnson et al. com-
pleted a retrospective review of 132 multiple-trauma patients
with two major fractures and an Injury Severity Score (ISS) of
18 or greater [9]. They noted an increased incidence of ARDS
when fixation was delayed beyond 24 hours. The overall ARDS
incidence was 7 percent in the early fixation group versus 39
percent in the group with fixation beyond 24 hours. Early defini-
tive long-bone fixation and external fixation methods have
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Table 15.1: Summary of Some of The Literature Regarding the Timing of Fixation for Unstable Orthopedics Injuries

Author Study Type Comparison No. of Patients Results

Bone et al. [6] Randomized
prospective

Femur fixation ≤24 hours
vs. >24 hours

178 Fixation after 24 hours associated
with more pulmonary complications,
greater length of stay, more ICU days,
greater costs of care. Supports early
fixation.

Lozman et al. [41] Randomized
prospective

Femur and tibia treatment
immediate, vs. nonop

Mean cardiac index higher and mean
shunt was lower with immediate
fixation. Supports early fixation.

Seibel et al. [69] Retrospective cohort Group 1 = immediate
fixation femur or
acetabulum and
mobilization

Group 2 = 10 days of
traction postop

Group 3 = 30 days of
traction postop

56 More pulmonary failure, sepsis,
fracture complications, and narcotics
usage when mobilization delayed.
Supports early fixation.

Pape et al. [52] Retrospective cohort Femur fixation ≤24 hours
vs. >24 hours

106 Patients without concurrent thoracic
trauma had shorter intubation time
and shorter ICU stay when treated
early. Patients with severe chest
trauma had more ARDS and
mortality with early fixation.

Poole et al. [57] Retrospective cohort Femur fixation ≤24 hours
vs. >24 hours vs. nonop in
patients with head injury

114 Risk of pulmonary complications not
related to timing of fixation. No
difference in CNS outcomes among
the three groups.

Rixen et al. [63] Review of
retrospective studies

Femur fixation ≤24 hours
vs. >24 hours

1465 The use of provisional or definitive
external fixation in these patients
increased over this time period and
was associated with an increased
Injury Severity Score (ISS), a lower
Glasgow Coma Scale, thoracic
trauma, a base deficit >6.0, or an
elevated prothrombin time. However,
no advantage to external fixation vs.
primary femoral stabilization with a
nail or plate was seen.

The level of evidence in most studies is poor. The majority of published information to date supports early fixation, although in recent years some authors have

questioned this as a routine strategy.

continued to evolve and are now considered to be an integral
part of the initial resuscitative care.

Although the practice of early fixation continues to be sup-
ported by multiple studies, not all traumatologists are in agree-
ment that it is the primary determinant of improved outcomes.
With the widespread use of ATLS protocols and the evolution of
trauma care, it is clear that improvements in prehospital, resus-
citative, and critical care have contributed to decreased mor-
bidity and mortality. Reynolds et al. in a retrospective review
of 424 consecutive multiple-trauma patients found that the
severity of the injuries and not the timing of fracture fixation

determined the pulmonary outcome [18]. They concluded that
clinical judgment was the most important factor regarding the
timing of fracture fixation.

Decision-Making Process
Early fracture stabilization and fixation represents an

important shift in the care of multiply injured patients. The
majority of current data supports early stabilization when com-
bined with sound clinical judgment (Table 15.1). Many patients
are too sick not to operate on. The exact timing of surgical
intervention will depend on multiple factors starting with the
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Table 15.2: Estimated Fluid and Blood Loss∗

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1,500 1,500–2,000 >2,000

Blood loss (% of volume) Up to 15% 15–30% 30–40% >40%

Heart rate ≤100 >100 >120 >140

Blood pressure Normal Normal Decreased Decreased

Pulse pressure (mmHg) Normal Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35

Urine output (mL/hr) >30 20–30 5–15 Negligible

Mental status Slightly anxious Mildly anxious Confused Lethargic

Fluid replacement (3:1 rule) Crystalloid Crystalloid Crystalloid and blood Crystalloid and blood

∗Reprinted with permission from Shock, in Advanced Trauma Life Support Student Course Manual, 6th edition. Chicago, IL:, American College of Surgeons,

1997, p 108.

initial injury and management at the scene. The orthopedic
surgeon, the trauma critical care team, and the anesthesiologist
must work together to decide the appropriate timing of surgical
intervention and fracture fixation.

Primary Parameters of Trauma Management
S C O R I N G S Y S T E M S

During the development of our current trauma practices
several scoring systems were created and continue to be used
today. Some of these scoring systems are first employed in the
field and help in injury identification and stratification of poly-
trauma patients. A commonly utilized example is the Glas-
gow Coma Scale. It was developed to quantify the severity of
head injuries and relies on three examinations, including motor
response, verbal response, and eye opening. Other scoring sys-
tems incorporating different anatomic and physiologic param-
eters have been developed. Frequently used systems include
the Abbreviated Injury Score (AIS), the ISS, and the Revised
Trauma Score (RTS). Depending on the characteristics of each
system, they have been used in multiple ways, including patient
evaluation, outcome predictions, quality assurance, research,
and more recently, hospital reimbursement. Usage of these sys-
tems will undoubtedly continue to evolve as our knowledge
increases.

P H Y S I O L O G I C

Many different physiologic parameters are used in the evalu-
ation of the multiply-injured patient. Early and accurate assess-
ment of the cardiovascular system is critical in the care of the
trauma patient. Identification and characterization of shock
promotes immediate, appropriate intervention. Basic physio-
logic parameters assessed include the heart rate, blood pressure,
temperature, respiratory rate, urine output, and mental status
(Table 15.2). Integration of these values can be used to esti-
mate fluid and blood loss. Other more advanced parameters can
be obtained, including cardiac output, systemic vascular resis-
tance, pulmonary wedge pressure, central venous pressure, and
systolic pressure variability (see Chapter 5). Echocardiography
can be used to further define the hemodynamic state (see Chap-

ter 33). These values can be used to differentiate types of shock
and to make fine adjustments during volume replacement.

L A B O R AT O RY

Several laboratory parameters routinely obtained during
care of the multiply injured patient are crucial for appropri-
ate management. In combination with physiologic parameters
and physical exam, these are usually sufficient for resuscita-
tion. Severe musculoskeletal trauma and associated hemor-
rhage result in tissue hypoperfusion, which leads to acidosis.
The extent of acidosis can be assessed by determining the pH,
lactate, or base deficit. Normalization of these values within
24 hours of injury is predictive of survival. Because pH is less
specific and more easily regulated by the body’s compensatory
mechanisms, and lactate is subject to confounders such as alco-
hol ingestion or renal disease, the base deficit is the most reliable
indicator of resuscitation. This value can be used as a guide in
the volume repletion of the trauma patient [19–22]. Improve-
ment in the base deficit over time is one of the most accurate
and specific indicators of a patient’s volume repletion and tissue
oxygenation.

Secondary Parameters of Trauma Management
S O F T T I S S U E : S W E L L I N G , WO U N D S

Many high-energy musculoskeletal injuries are associated
with severe soft tissue damage or destruction. Although open
fractures and unstable femoral and pelvic fractures are managed
urgently, many fractures of the extremities are managed provi-
sionally with splinting or external fixation until the soft tissues
have healed sufficiently to tolerate additional surgical incisions
[11, 12]. Articular fractures, involving joint surfaces, demand
strict attention to anatomic reduction and rigid internal fixa-
tion, commonly with plates and screws. Many of these fractures
are definitively treated on a delayed basis, several days or even
weeks after injury, to allow for swelling around the fracture to
decrease. This reduces risks of wound-healing problems and
infections. In some cases definitive management is with exter-
nal fixation, depending on the injury and characteristics of the
patient.
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N U T R I T I O N

Adequate nutrition is essential for healing of wounds and
fractures. Trauma increases caloric needs, making it difficult
to maintain body weight and protein stores during the healing
period. The burden of multiple trauma, and the inability to take
food by mouth, possibly due to associated injuries, which may
necessitate ventilatory support, lead to a catabolic state after
injury. Inadequate nutrition is associated with increased risks
of infection, wound- and fracture-healing problems, and skin
breakdown (decubitus ulcers). Trauma also produces stress,
which leads to more gastric acid production and increased
intestinal translocation of bacteria. Early enteral nutrition will
minimize these issues in trauma patients. Sometimes it is pru-
dent to delay reconstructive procedures associated with frac-
tures until nutrition has been optimized.

Two-Hit Model of Organ Dysfunction
Trauma management has evolved over time to incorpo-

rate models that explain the associated pathophysiology. The
two-hit model of organ dysfunction is based on a dysfunctional
inflammatory response. In this model, severely injured patients
with massive hemorrhage enter a systemic hyperinflammatory
state called systemic inflammatory response syndrome (SIRS).
The intensity depends on the initial injury, which is described
as the first hit. A secondary inflammatory event can result in
a secondary insult leading to multiple-organ failure [5, 21–
24]. Orthopedic fracture fixation may contribute to this sec-
ondary response in underresuscitated patients, depending on
the amount of blood loss generated by surgery. An adequate
level of resuscitation is crucial in avoiding this second hit and
its adverse consequences.

Damage-Control Orthopedics
An emerging term related to the two-hit model is damage-

control orthopedics [25]. This is a concept to provide early
fracture stabilization, while minimizing the second hit caused
by prolonged surgical procedures [24, 26]. This tactic generally
involves avoiding longer definitive procedures with large blood
loss, in favor of shorter surgical procedures. An example would
be stabilization of a femur fracture with provisional external fix-
ation instead of definitive fixation with an intramedullary nail.
Although some studies have suggested decreased initial oper-
ative times and less bleeding with a damage-control strategy
[24–27], many unstable pelvis and acetabulum fractures can
not be provisionally stabilized with external fixation. Further-
more, the need for additional (definitive) surgery on a delayed
basis, for example, conversion of a femoral external fixator to
an intramedullary nail, and the potential for more complica-
tions and costs make this practice controversial. Currently, it is
unclear exactly which patients benefit from a damage-control
strategy [27].

M U S C U L O S K E L E TA L E M E R G E N C I E S

Major orthopedic trauma occurs in almost 80 percent of mul-
tiply injured patients. The incidence of orthopedic trauma in
these patients is approximately equal to the incidence of head
injury, twice that of thoracic injury, and four times that of
abdominal injury [8, 29]. The following discussion will provide
a basic approach to musculoskeletal trauma including the pelvis

and extremities. It will describe mechanisms of injury and resul-
tant pathology and outline initial treatment measures. Life-
threatening and limb-threatening injuries will be reviewed and
guidelines for injuries of lesser significance will be explained.

Life-Threatening Injuries

Musculoskeletal injuries can be life-threatening when they are
associated with massive hemorrhage. Bleeding can be due to an
isolated fracture or the combination of multiple fractures and
blood loss from other body systems. Pelvic fractures or bilateral
femur fractures are the two most frequent injuries that can
cause bleeding of this magnitude. Usually this bleeding will be
into a closed space – not immediately obvious to the examiner.
Open fractures with extensive soft tissue destruction and/or
arterial injury are another problem that can be not only limb-
threatening, but also life-threatening because of the amount of
associated hemorrhage.

Pelvic Ring Injuries
Certain pelvic fractures can be associated with blood loss

of several liters. High-energy forces are required to disrupt the
stability of the pelvis. Unstable pelvic fractures have mortality
rates of 10–21 percent [30–33]. Urgent resuscitation and early
stabilization can minimize morbidity and mortality in these
patients. A basic understanding of the fracture pattern and the
anatomy and mechanics behind it is essential to treating these
patients.

The pelvis is a bony ring comprising two innominate bones
and the sacrum (Figure 15.1). Pelvic stability comes primarily
from the posterior sacroiliac complex, providing about 60 per-
cent of the ring stiffness [31, 32, 34]. The pelvic floor and the
symphysis pubis also contribute to pelvic stability. Because of
its ring structure, if the pelvis is broken in one location, another
fracture or dislocation is very likely to be present. Injuries to
the pelvic ring may be classified based on the direction of ini-
tial impact. Progressive force in a given direction will generate
instability of pelvic structures in a predictable fashion. Associ-
ated injuries and blood loss correlate with the pattern of pelvic
fractures [28, 30, 31, 33, 35].

Figure 15.1. The pelvis is a bony ring when viewed from above. Sacroil-
iac ligaments, sacrospinous ligaments, sacrotuberous ligaments, and the
symphysis pubis are important stabilizing elements.
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AP Compression (open book)
Figure 15.2. Progression of injury to the pelvic ring seen with an ante-
riorly directed force. Diastasis of the pubis symphysis occurs. Further
force causes external rotation of each hemipelvis, disrupting the poste-
rior pelvic ring. With increased displacement of the posterior pelvic ring,
more bleeding will occur.

Anteroposterior injuries are due to direct force to the ante-
rior pelvis or external rotation force to the hemipelvis through
the femur. These commonly occur in head-on motor vehicle
accidents or in crush injuries. Forces “open” the anterior pelvic
ring by externally rotating the innominate bones. The pubic
symphysis may fracture and widen – a so-called open-book
pelvis fracture – and/or the pubic rami may fracture (Figures
15.2 and 15.3). Continued forces produce fractures and dis-
locations to the posterior pelvic ring, ultimately resulting in
displacement of one or both hemipelves. The amount of bleed-
ing associated with a pelvic fracture is frequently related to the
amount of displacement of the posterior pelvic ring [28, 30,
33]. Because a single pelvis radiograph depicts only one point
in time, it does not necessarily demonstrate the degree of dis-
placement that occurred at the time of the accident. A high
index of suspicion for significant bleeding is essential when
the diagnosis of an open-book pelvic fracture is made. Prompt

Figure 15.3. Anteroposterior pelvis radiograph demonstrates an open-
book pelvis fracture, with widening of the symphysis pubis and complete
dislocation of the right sacroiliac joint.

Lateral Compression
Figure 15.4. Progression of injury to the pelvic ring seen with a later-
ally directed force. Progressive force causes disruption of the ipsilateral
posterior pelvic ring in the form of a dislocation and/or fracture. With
continued force, the contralateral hemipelvis will experience an external
rotation deformity.

physiologic assessment for hemodynamic instability and phys-
ical examination to evaluate pelvic stability are imperative.

Lateral compression injuries are due to lateral impact to
the pelvis. Frequently this happens in a motor vehicle accident
or a fall onto the side. Impaction of the sacrum on the side
of the forces is usually seen, along with pubic ramus fractures,
as the affected hemipelvis internally rotates (Figure 15.4). This
is the most common pelvic fracture pattern. Progressive force
can completely destabilize the affected hemipelvis, producing
a sacroiliac dislocation or fracture-dislocation. The contralat-
eral hemipelvis can become unstable, rotating externally. Blood
loss and neurologic injuries are generally related to the mag-
nitude of displacement of the posterior pelvic ring, although
massive hemorrhage is much less likely with this injury pattern
compared with an open-book fracture [28, 30, 32, 36, 37].

Lastly, so-called vertical shear injuries are caused by axial
force to the pelvis. This is often the result of a fall from a height or
a motorcycle accident. The affected hemipelvis will be displaced
superiorly, creating instability of the posterior pelvic ring (Fig-
ure 15.5). Concomitant stretching of the lumbosacral plexus
and vascular structures are not infrequent with this fracture
pattern (Figure 15.6).

Vertical Shear
Figure 15.5. An axial force to the pelvis causes significant instability of
the pelvic ring due to injuries of the pubic symphysis or rami as well as
the entire posterior ligamentous complex. The magnitude of posterior
pelvic ring injury correlates with the amount of bleeding.
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Figure 15.6. Contents of the pelvis in midline sagittal section. Note the
proximity of the lumbosacral plexus and major vascular structures to the
posterior aspect of the pelvic ring.

Other musculoskeletal injuries occur with 60–80 percent
of pelvic ring fractures [28–30]. Severe open-book pelvic frac-
tures and vertical shear fracture patterns are often associated
with other injuries. With each of these types of pelvic fracture,
the pelvic fracture has a high propensity to cause massive hem-
orrhage. In contrast, lateral-compression pelvic ring fractures
are not associated with as much bleeding, thus associated head
injuries and abdominal injuries are potentially more problem-
atic than the pelvic fracture. Whitbeck et al. [33] described
forty-three patients with complete disruption of the sacroiliac
joint and a mortality rate of 21 percent. Half of these patients
died of massive hemorrhage, while 25 percent of the fatalities
were secondary to traumatic brain injury, and the other 25 per-
cent were due to multiple-organ failure over the first several
days. To minimize mortality, acute management of unstable
pelvic fractures must first address bleeding. Open fractures,
urogenital trauma, and gastrointestinal injury in conjunction
with pelvic fractures are very infrequent and are also considered
surgical emergencies.

Bleeding is the most frequent initial problem associated
with pelvic fractures. Three sources of bleeding may be seen:
bony, venous, and arterial. Blood loss secondary to the fractured
bone surfaces is usually insignificant. However, the proximity
of major branches of the iliac vessels to the sacroiliac joints
results in bleeding when the posterior pelvic ring is displaced.
(Figure 15.6) Bleeding from the sacral venous plexus can be
extensive, with blood loss of up to 3–10 L. The retroperitoneum
of the intact pelvis can hold 4 L of blood before tamponade
occurs. As the pelvis is shaped like a cone, the volume available
for blood to accumulate is proportionate to the radius cubed.
Initial management should consist of provisional reduction of
open-book patterns (reducing the size of the pelvis radius) by
manually closing the pelvic ring with a sheet or binder [38]. This
decreases pelvic volume and can help to tamponade bleeding
from the sacral plexus. Very rarely there is major arterial injury
associated with fracture of the pelvic ring. This occurs in about
6–8 percent of unstable pelvic fractures [35, 39]. Angiography
and embolization or pelvic packing are life-saving measures
in these patients. If the patient is unresponsive and severely

hypotensive, despite aggressive fluid replacement and pelvic
reduction, emergent angiography should be performed (Figure
15.7).

Urgent surgical interventions in patients with unstable
pelvic fractures are aimed at provisional or definitive reduc-
tion and stabilization of the pelvic ring. This promotes tam-
ponade by reducing the bleeding bone surfaces and decreasing
the pelvic volume to a normal level. Fortunately, modern tech-
niques of surgical stabilization for sacroiliac dislocations and
fracture-dislocations often may be performed percutaneously
with fluoroscopic assistance in the supine position [40]. This
minimizes surgical time and blood loss. Reduction and stabi-
lization of the anterior pelvic ring are usually performed during
the same surgical procedure (Figure 15.8). Whenever possible,
expeditious definitive management is undertaken [10, 28, 35].
This may consist of open reduction and internal fixation of a
symphyseal disruption or anterior pelvic external fixation [86].

Special mention should be made of open pelvic fractures.
In addition to the pelvic ring injury and associated hemor-
rhage and neurologic insult, visceral injuries are more com-
mon, and a high rate of infection is seen. Historically, mortality
of open pelvic fractures approached 50 percent [41–45]. Con-
trol of bleeding is the most important initial measure, followed
by debridement and packing of open wounds. Patients with
posterior or perineal wounds or rectal trauma are treated with
a diverting colostomy [46, 47]. Extraperitoneal bladder tears
are repaired. A team approach, including anesthesia, general
surgery, orthopedics, urology, and gynecology, is essential in
the management of these complex, often critically ill patients
[35].

Long-Bone Fractures
Life-threatening hemorrhage can occur with bilateral

femoral shaft fractures or multiple long-bone fractures. Mor-
tality rates of up to 25 percent have been reported in this pop-
ulation [48, 49]. Although this group of patients is likely to
have major injuries to other systems, which would increase
their mortality risk, the hemorrhage associated with multiple
long-bone fractures is impressive. Immediate treatment mea-
sures should be undertaken when these patients are identified.
Central intravenous access or a minimum of two large-bore
intravenous lines are recommended. The average blood loss
associated with a femoral shaft fracture is 1,500 cc, and with a
humeral shaft fracture or a tibial shaft fracture it is 750 cc. This
does not include additional bleeding associated with surgery.
Frequently the fracture hematoma is within a closed space, not
immediately obvious to the examiner, which can result in a
dangerous delay in resuscitation.

Most femoral and tibial shaft fractures in adults are defini-
tively treated with reamed intramedullary nailing. Unstable
femoral fractures are usually fixed in the first 24 hours to reduce
the risk of associated pulmonary complications [6]. Stabiliza-
tion eliminates the need for skeletal traction and recumbency.
It also provides control of bleeding from the fracture and thus
is considered part of a multiply injured patient’s resuscitation.
During surgery, careful monitoring by the anesthesia team is
crucial. Adjunctive volume replacement will depend on the
pattern and number of fractures, as well as other injuries con-
tributing to bleeding.

Isolated femoral shaft fractures may be treated on a frac-
ture table in a lateral or supine position, depending on sur-
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Figure 15.7. An algorithm for evaluation and treatment of unstable pelvic ring injury.

Figure 15.8. Anteroposterior pelvis radiograph after reduction and fix-
ation of an unstable pelvis fracture. The alignment of the pelvic ring has
been restored and screws stabilize the left sacroiliac joint. An anterior
external fixator has been applied.

geon preference. However, most patients with multiple long-
bone fractures are treated in a supine position on a flat, radi-
olucent operating table that will facilitate surgical access and
radiographic imaging for all the injuries. Muscular paralysis
assists the surgeon in reducing fractures. Intramedullary nail-
ing is often a percutaneous procedure (Figure 15.9, see also
color plate after p. 294). The surgery itself is not likely to gen-
erate substantial bleeding; however, the blood loss from long-
bone fractures should not be underestimated. Occasionally, in
a critically ill patient, provisional external fixation is used to
stabilize long-bone fractures, as this can be accomplished in
several minutes with minimal bleeding. The need for further
surgery on a delayed basis, and the potentially increased risk of
complications including infection associated with this strategy,
make provisional external fixation a controversial treatment
plan [50]. In our opinion, it should be employed only in those
patients who can not tolerate early definitive fixation.

Limb-Threatening Injuries

Traumatic Amputation
Traumatic amputation and near-amputation are severe

open fractures. Pressure to control bleeding is important as
are expeditious antibiotic and tetanus prophylaxis for any open
fracture. Reimplantation, especially with certain hand injuries,
and salvage of near-amputation may be possible, if this can
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Figure 15.9. Intramedullary nailing of a femoral shaft fracture can be done percutaneously. (A) A wire is placed
with fluoroscopic assistance to open the femoral canal. (B) After reduction and reaming a nail is placed. (C)
Minimal surgical trauma occurs during this procedure. This photograph demonstrates the small wounds from
the nail and the locking bolts. (D) Anteroposterior radiograph of the femur after intramedullary nail.

be completed within the first several hours of injury. Crush
injuries, prolonged ischemia time, severe trauma elsewhere in
the limb, serious systemic injury, advanced age, and underly-
ing medical conditions are factors decreasing the likelihood of
successful salvage [51–53]. Emergent surgery is recommended
to examine the affected area, to perform surgical debridement,
and to gain control of bleeding.

In rare cases amputation is undertaken to stop bleeding in
a mangled extremity. This can be life-saving and can reduce the
wound and injury burden in a multiply injured person. More
commonly, salvage is attempted with provisional or definitive
stabilization of fractures. Oftentimes, external fixation is used
as a rapid means of stabilizing fractures in patients who are
critically ill and underresuscitated. External fixation can gen-
erally be performed in several minutes with minimal surgical

trauma. Serial debridement and later definitive fixation (versus
amputation) can be done after discussions with the patient and
other subspecialists.

Vascular Injury
Injury to the major arterial flow to a limb is a surgical emer-

gency. More than 75 percent occur from penetrating trauma,
while blunt trauma causing fractures and dislocations is a less
common etiology for vascular injury. Traumatic knee disloca-
tions are an exception to this rule, as the incidence of arterial
injury is 16–25 percent [54–56] (Figure 15.10, see also color
plate after p. 294). Patients with a major arterial injury present
with pallor, coolness, and decreased pulses in an extremity.
Massive bleeding or an expanding hematoma may be present.
Fracture malalignment, constrictive dressings, and hypotension
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Figure 15.10. (A) Anteroposterior radiograph of a knee dislocation. The
incidence of arterial injury with a knee dislocation is up to 25 percent,
due to tethering of the popliteal artery at the trifurcation. (B) A spanning
external fixator has been placed across the knee joint to maintain the
reduction of the knee.

can cause or contribute to these findings. Dressings should be
loosened and fractures should be reduced, followed by rapid
reassessment of limb perfusion. When a pulse is palpable or
Dopplerable but asymmetrical, a vascular injury is suspected.
Ankle brachial indices (ABIs) should be obtained in these
patients in the emergency room to expedite vascular surgery
consultation. The ABI is measured by placing a blood pressure
cuff on the upper arm and inflating it to obtain a measurement
of the systolic pressure. Subsequently, the procedure is repeated
at the ankle of the affected leg. The ABI is the ratio of the systolic
pressure of the ankle over the systolic pressure of the arm. If an
ABI is less than 0.9, an arteriogram is indicated [57, 86]. When
an extremity is pulseless, despite reduction and splinting, emer-
gent vascular consultation and surgical exploration is essential
to preserve the limb. Within 6 hours of ischemia, myonecrosis
and loss of neurologic function will ensue.

When a patient has a major arterial injury requiring revas-
cularization, in conjunction with a fracture or dislocation,
reduction and stabilization of the fracture are indicated prior to
the vascular procedure. This is to ensure safety of the vascular
repair, that is, to avoid further arterial damage during frac-
ture reduction and fixation. In many cases, provisional external
fixation may be the most appropriate method in maintaining
limb alignment, without requiring extensive surgical time and
dissection. Notably, once a limb has been revascularized, fas-
ciotomy is recommended to prevent compartmental syndrome
after the reperfusion occurs. Ongoing resuscitation with blood
and fluid replacement by the anesthesia team is an integral part
of this process.

Compartmental Syndrome
Extremity trauma can also lead to compartmental syn-

drome. When the interstitial pressure in a closed osteofascial
compartment rises and causes capillary compromise, local tis-
sue becomes ischemic and necrosis begins. Closed or open frac-
tures, severe soft tissue trauma or crush injury, and arterial
injury are potential causes of compartmental syndrome. Hem-
orrhage in a closed space, arterial spasm, and reperfusion of
an ischemic area are part of the sequential pathophysiolology.
Compartmental syndrome will often develop over a period of
hours after injury; thus, careful serial monitoring of patients at
risk is extremely important. Compartmental syndrome devel-
ops from a reduced gradient between diastolic blood pres-
sure and compartment pressure (Figure 15.11). Compartment
ischemia can occur with elevated compartment pressure with
normal diastolic pressure or with slightly elevated compartment
pressure in a patient with hypotension. Therefore, it is crucial
to diligently monitor those severely injured patients who may
have prolonged hypotension from bleeding and/or head injury.
These patients are at particularly high risk for ischemic dam-
age. Irreversible muscle fiber changes are seen after 6 hours of
ischemia, and irreversible nerve damage is seen after 12 hours
of ischemia [58].

The most common locations of compartmental syndrome
are the lower leg and the volar forearm. Important early signs
and symptoms are pain out of proportion to that expected and
tense swelling of the affected region. Pain will usually be very
severe at rest and will increase dramatically with passive motion
of the involved muscles. Decreased distal sensation will follow,
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with a loss of proprioception seen before other types of sensory
loss. Complete anesthesia and weakness are late findings, which
are not likely to be present until irreversible loss of function
has occurred. A high index of suspicion must be maintained in
patients with altered states of consciousness or patients on large
doses of pain medication, so that a diagnosis of compartmen-
tal syndrome is not missed. Furthermore, spinal and epidural
anesthesia as well as peripheral nerve blocks are contraindicated
in patients at risk for compartmental syndrome, because clini-
cal findings could be missed – the most important of which is
pain out of proportion to what is expected.

If compartmental syndrome is diagnosed, the only effective
treatment is surgical fasciotomy. Without emergent fasciotomy,
muscle and nerve damage are imminent, and the viability of the
limb will be compromised. Fasciotomy is performed by incis-
ing the skin over the affected compartments and incising each
fascial compartment. This can be done in a matter of minutes.
When compartmental syndrome is present in association with
a fracture, additional treatment to stabilize the fracture is indi-
cated to prevent further insult to the soft tissues. This could
include external fixation, but may be definitive internal fixa-
tion, depending on the fracture pattern and the overall status
of the patient.

U R G E N T M U S C U L O S K E L E TA L P R O B L E M S

Surgery Recommended within 6–8 Hours

Open Fracture
Fractures that generate open wounds may occur after minor

trauma. More commonly, these are the result of high-energy
trauma, and it is not unusual for the patient to have sustained
major injury to other body systems. Open fractures are classified

Severely swollen limb with
potential for compartmental syndrome

Alert patient with
clinical signs of

compartmental syndrome

Comatose patient
or inconclusive clinical

signs

Measure compartment
pressures 

 ∆P <30 mmHg ∆P >30 mmHg

Serial examination

Fasciotomy

Figure 15.11. An algorithm for evaluation and treatment of compartmental syndrome.�P indicates the difference
in pressure between the diastolic blood pressure and the compartment pressure [58].

Table 15.3: Classification of Open Fractures [59, 60]

Type 1 Wound 1 cm or less in length, clean, with minimal soft
tissue damage and simple fracture pattern

Type 2 Wound more than 1 cm in length. More extensive soft
tissue damage with flaps, avulsion, or crush
components.

Type 3A Wounds more than 10 cm in length but adequately
covering bone. Includes some gunshot injuries.

Type 3B Type 3 injuries with extensive bone stripping and
exposure necessitating flap coverage. Also includes less
complex wounds with gross contamination and
shotgun blasts.

Type 3C Type 3 injuries with vascular lesion requiring repair to
preserve limb viability.

by their associated soft tissue injury and level of contamination
(Table 15.3) [59, 60]. As the severity increases, so does the risk
for infection and other complications.

Intravenous antibiotics are administered expeditiously and
tetanus immunization is updated. All adult patients with an
open fracture should receive cefazolin (2g IV loading dose) or
cefuroxime (1.5g IV), followed by repeated dosing at appropri-
ate intervals. For patients with a known cephalosporin allergy,
clindamycin is a good alternative (900 mg IV). High-energy
open fractures or cases with gross contamination should receive
gram-negative coverage as well. Gentamicin (4–5 mg/kg IV
every 24 hours) is effective [61]. In an elderly patient or some-
one with known renal insufficiency, levofloxacin 500 mg may be
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Table 15.4: Fractures and Dislocations Associated with
Neurologic or Vascular Injury

Fracture or Dislocation Structure Injured

Clavicle or first rib fracture Subclavian artery

Shoulder dislocation Axillary artery or nerve

Humeral shaft fracture Radial nerve

Supracondylar humerus fracture Brachial artery

Hip dislocation Sciatic nerve

Femoral shaft fracture Superficial femoral artery

Supracondylar femur fracture Popliteal artery

Knee dislocation Popliteal artery, common
peroneal nerve

Proximal tibia or fibula fracture Common peroneal nerve

given instead of gentamicin. Fractures with soil contamination
should also be treated with penicillin, 4 million units IV every
4 hours, to treat anaerobes, especially Clostridia [59, 60].

Open fractures are surgical emergencies. After a delay of
6–8 hours from the time of injury, infection rates begin to rise,
particularly for high-energy fractures [59, 60, 62]. Debridement
and irrigation in the operating room are recommended. In gen-
eral, this is combined with provisional or definitive fixation,
as soon as is safely possible. Stabilization of an open fracture
provides support to the surrounding soft tissues and decreases
the risk of infection [63, 64]. Occasionally, provisional external
fixation is preferred, due to massive contamination, surgical
delay, or instability of the patient because of hemorrhage or
head injury. Muscular relaxation during the procedure facili-
tates reduction of the fracture.

Traumatic Arthrotomy
Some injuries will produce a wound that communicates

with an underlying joint. When a traumatic arthrotomy is
present, intravenous antibiotics and tetanus immunization are
administered, similar to treatment for an open fracture. Urgent
surgical debridement and irrigation of the joint are recom-
mended to decrease the risk of infection. This should be under-
taken within the first several hours of injury.

Dislocations
Dislocated joints cause significant pain and deformity,

along with impairment of motion. Some dislocations are asso-
ciated with neurologic or vascular injuries (Table 15.4) [54–56,
65, 66]. A dislocated joint should be anatomically reduced as
soon as possible, and stabilized as indicated to prevent recur-
rence. Muscular relaxation of the patient is necessary for reduc-
tions to be performed safely. Closed reductions, in which the
dislocation is manually manipulated without surgery, are pos-
sible in most cases. Some dislocations are most safely under-
taken in the operating room under general anesthesia. This per-
mits muscular paralysis and promotes safe airway management.
Orthopedic complications such as nerve damage and iatrogenic

fracture are kept to a minimum when general anesthesia is used.
Dislocations of the subtalar joint and the native hip joint are
two examples of reductions that are often performed in the
operating room (Figures 15.12, see also color plate after p. 294;
and 15.13) [66]. Rarely, a dislocated joint can not be reduced
through closed means, and surgery is required to perform an
open reduction. Urgent management of all dislocations is an
important goal. Of particular concern are dislocations of the
talus and of the femoral head, where the duration of the dislo-
cation likely correlates with the development of osteonecrosis,
due to stretching of the arteries to these areas [67–69].

Displaced Femoral Neck Fracture in Young Adult
Hip fractures occur commonly in general orthopedic prac-

tice. Most are low-energy events in elderly people. These are
not typically treated as emergencies. On the other hand, young
adults may sustain these fractures as the result of high-energy
trauma. Reduction and stabilization of the fracture are rec-
ommended to reestablish femoral alignment and stability and
to promote mobilization from bed. Femoral neck fractures in
young adults are considered an orthopedic emergency. These
should be treated immediately to minimize the potential for
osteonecrosis of the femoral head. Osteonecrosis is a devastat-
ing complication leading to advanced arthrosis, which may be
treated with hip arthrodesis or arthroplasty, neither of which is
a good alternative for a young adult. It is believed that ongoing
insult to the arterial supply of the femoral head, caused by dis-
placed intracapsular hip fractures, may be alleviated by open
reduction of the fracture. Rigid internal fixation likely optimizes
the potential for fracture healing and regeneration of the blood
supply to the femoral head [70, 71].

General anesthesia is preferred when performing open
reduction of high-energy, displaced femoral neck fractures.
Some surgeons prefer to perform this procedure on a fracture
table with traction against a perineal post. This is done in a
supine position. Others prefer supine positioning with man-
ual traction. In all cases, muscular paralysis facilitates anatomic
reduction of the fracture (Figure 15.14).

Surgery Recommended within 24 Hours

Unstable Pelvis/Acetabulum or Femur Fracture
Early stabilization of femoral shaft fractures and unstable

fractures of the pelvis, acetabulum, or spine reduces complica-
tion rates, especially those related to pulmonary compromise
and sepsis [6–10, 14, 15, 17, 72, 73]. This has been attributed
to elimination of prolonged skeletal traction and recumbency
[16]. Either definitive or provisional fracture fixation (with
external fixation) could serve this purpose. Fixation of long-
bone fractures also helps decrease the incidence of fat embolism
syndrome [74, 75]. Initial splinting is a first step in prevent-
ing this process; however, definitive stabilization is more effi-
cacious. In most cases this is done with intramedullary nails.
The benefits of early stabilization are greater in multiply injured
patients versus those with isolated orthopedic injury [6, 17].

Confounding factors, such as associated injuries to the head,
chest, or abdomen, and the severity of injury, have not been
accounted for in most of the published literature to date [7, 72,
73, 76]. Treatment of unstable skeletal injury in patients with
concomitant head injury is also controversial. Delay in femoral
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Figure 15.12. (A) A young man sustained injuries including an open dislocation of his talus. Emergent treatment was recommended to debride the
wound and reduce the dislocation. (B,C) External fixation was used to stabilize the ankle and hindfoot.

A B

Figure 15.13. (A) A young man sustained bilateral hip dislocations in a rollover motor vehicle accident, as shown by this anteroposterior radiograph
of the pelvis. (B) Closed reductions were performed under general anesthesia.
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Figure 15.14. (A) A young man sustained multiple gunshot wounds, resulting in injuries including a displaced left femoral neck fracture, seen on this
AP radiograph. (B) Open reduction and internal fixation were performed.

stabilization in this group of patients appears to increase the risk
of pulmonary complications [76]. Although the presence of any
head injury is not a contraindication to femoral or pelvic sta-
bilization, the question of whether early stabilization increases
the risk of central nervous system complications has not been
answered [73, 76–78]. Optimal treatment timing in this sub-
group of patients most likely depends on maintenance of ade-
quate cerebral perfusion pressure. CPP is defined as the mean
arterial pressure minus the intracranial pressure (ICP). CPP of
greater than 70 mmHg is recommended with a goal ICP of less
than 20 mmHg [73, 76, 77].

Concern has also been raised about the optimal treat-
ment for patients with long-bone fractures and chest injury.
Intramedullary nailing is the standard of care for most femoral
and tibial shaft fractures. Reaming is the mechanical enlarge-
ment of the intramedullary canal to provide improved fit of
the nail and, in some cases, to permit placement of a larger-
diameter nail. Reaming has been speculated to contribute to
pulmonary problems in patients with chest injury, by produc-
ing fat emboli and increasing inflammation. Bosse et al. [7] have
addressed some of these questions. In a large, retrospective study
using carefully matched patients, they compared groups with
femoral shaft fracture, femoral shaft fracture and chest injury,
and chest injury alone. Femoral shaft fractures were treated
within 24 hours of injury with reamed intramedullary nail-
ing or plating (which avoids the potential pulmonary insults
from reaming and intramedullary nailing). The incidence of
ARDS was 2 percent overall. There was no difference in the

rates of ARDS, pneumonia, multiple-organ failure, or death in
any of the patient groups after treatment with a plate versus
a nail. It is likely that the initial injury burden and associated
hemorrhage contribute to an increased risk of complications.
Patients who sustain massive chest trauma are more likely to
have pulmonary problems. Current practice supports stabiliz-
ing femoral fractures within 24 hours of injury, even when chest
injury is present, to minimize adverse pulmonary sequelae [6,
7, 9, 18].

Proximal Femoral Fracture in the Elderly
Hip fractures are among the most common fractures treated

by orthopedic surgeons in community practice. Usually they
result from a fall from standing height in an elderly person. In
almost all cases, surgical treatment is recommended to repair
the fracture or to perform a hip arthroplasty. This provides
pain relief and promotes mobility from bed. Mortality associ-
ated with hip fractures in the elderly population is substantial,
which is primarily a reflection of declining overall health. Mor-
tality approximately doubles when surgery is performed more
than 48 hours after injury [79]. Overall, men have mortality
rates of 30 percent within one year and 40 percent within two
years. Women have mortality rates of approximately 15 per-
cent within one year and 23 percent within two years. Mortal-
ity is generally related to underlying functional, mental, and
medical status [80–83]. The risk of death increases dramati-
cally with nonoperative management. For this reason, surgery
is recommended for nearly all patients with any ambulatory
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Figure 15.15. (A) An elderly man fell from standing height sustaining a minimally displaced femoral neck fracture. (B) Closed reduction and
percutaneous pinning was performed.

ability. Expeditious medical assessment to provide cardiac risk
stratification and to correct any fluid or electrolyte problems
is imperative to prepare them for surgery within 24 hours of
the injury [84]. The type of surgical treatment depends on the
fracture location and pattern as well as the overall status of the
patient.

F E M O R A L N E C K F R AC T U R E S

Nondisplaced or impacted femoral neck fractures can be
treated with screw fixation. These patients are generally placed
in a supine position on a fracture table. Muscular relaxation is
not required, because the fracture does not need to be reduced.
Percutaneous screws may be placed through an incision measur-
ing approximately 5 cm. This procedure does not usually cause
much blood loss, and the actual surgical time ranges between
15 and 30 minutes (Figure 15.15).

Displaced femoral neck fractures in elderly patients are
treated with hemiarthroplasty. Surgery is performed in the
lateral position. Cement is used to stabilize the prosthesis in
most patients with poor bone quality and advanced age. This
increases the surgical time and can predispose to hypotension
during the pressurization of the cement. Blood loss is sub-
stantially increased when comparing hemiarthroplasty with
screw fixation, and surgical times range from 30 to 75 minutes
(Figure 15.16).

I N T E R T R O C H A N T E R I C F R AC T U R E S

Intertrochanteric fractures occur in the transitional zone
between the femoral neck and the femoral shaft. These fractures
usually do not disrupt the blood supply to the femoral head.
In general, these patients are physiologically older, with more
osteoporosis, and dependent functional status when compared
with femoral neck fracture patients [85]. For surgery, they are
usually placed in a supine position on a fracture table. A closed
reduction is performed before the sterile prep and drape. Sub-
sequently, the fracture is stabilized with either a plate and screw
device or an intramedullary hip screw device, at the discretion
of the surgeon. In general, the surgical time and blood loss are
slightly less than with a hemiarthroplasty procedure.

C O M P L I C AT I N G FAC T O R S

Spine Protection

Trauma patients who have been tracheally intubated prior to
surgery or who have altered mental status will be unable to
complain of neck pain or back pain. Neurologic examination
in these patients will not be reliable. Furthermore, patients with
major fractures or dislocations have a “distracting injury,” that
is, the severity of pain and deformity in that area can distract
them from complaining about the pain related to a spine injury.
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Figure 15.16. (A) An elderly man fell sustaining a displaced femoral neck
fracture. (B) Hip hemiarthroplasty was performed.

Screening radiographs of the spine may not have been com-
pleted yet. Thus, spinal precautions should be used in all of
these patients. Cervical collars are kept in place and patients
should lie flat in bed. A backboard is used for transport, but
patients should not be maintained on a backboard for a pro-
longed period of time. This is painful and can cause skin irri-
tation.

In the operating room, the team should protect the spine
by using a logrolling technique for transfer of the patient to the
table. If the cervical collar is to be removed for intubation, in-
line traction of the neck should be maintained by another physi-
cian until the collar is replaced. Care should be taken to ensure
that cervical collars are the appropriate size and are positioned
safely. This is particularly important when positioning a patient
in a prone position, which is frequently done to approach an
acetabulum fracture.

Nothing by Mouth (NPO) Status

Urgent and emergent procedures are often necessary on patients
who have a full stomach or whose history is unknown. Commu-
nication between the surgeon and the anesthesia team regard-
ing the rationale for surgery and the plan of treatment is very
important. This will facilitate patient safety and expedite the
procedure.

S U M M A RY

Musculoskeletal trauma care has evolved to a high level. Treat-
ment goals include resuscitation, pain relief, improved stabil-
ity and alignment, enhanced mobility, and ultimately restora-

tion of function. History, physical examination, radiographs,
and careful assessment of the physiologic status of the patient
will provide information to determine the timing, type, and
sequence of care. A team strategy employing the expertise of
critical care specialists, trauma surgeons, orthopedic surgeons,
and anesthesiologists is essential in optimizing the manage-
ment of these patients, who are often critically ill. Some mus-
culoskeletal injuries are life-threatening or limb-threatening.
These are treated emergently. Examples include massive hemor-
rhage from some pelvic fractures, multiple long-bone fractures,
arterial injury in an extremity, and compartmental syndrome.
Various injuries are recommended to be treated on an urgent
basis. This includes open fractures, where the risk of infection
increases after surgical delay. Unstable fractures of the pelvis,
acetabulum, or femur, hip fractures, and dislocated joints are
also addressed with urgent surgical care. Early fixation of major
orthopedic injuries, which would otherwise require bed rest,
with or without traction, has been shown to reduce pulmonary
complications and hospital stay. The role of provisional external
fixation for some of these injuries has not been clearly defined;
thus, communication and collaboration among providers and
sound clinical judgment in these cases are essential in optimiz-
ing outcomes.

M U LT I P L E C H O I C E Q U E S T I O N S

1. It is important to delay stabilization of femur fractures to
avoid ARDS in patients with multiple-system trauma.

a. True
b. False
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2. The most reliable laboratory parameter to measure the ade-
quacy of resuscitation is:

a. pH
b. Hematocrit
c. Base deficit
d. INR

3. Systemic inflammatory response syndrome (SIRS) refers to:

a. Patients with multiple-system trauma
b. A hyperinflammatory state associated with multiple

trauma and massive hemorrhage
c. Physiology during the recovery and healing of trauma

patients
d. An IgE response that hyperallergenic people experience

after a fracture

4. Potential life-threatening orthopedic injuries include:

a. Traumatic amputation of lower leg
b. Bilateral femur fractures
c. Open-book pelvic fracture
d. All of the above

5. The best initial measure to control bleeding from a pelvic
fracture is:

a. Open reduction and internal fixation of the acetabulum
b. Angiography
c. Splenectomy
d. Reduction of the pelvis with a circumferential sheet

6. Arterial injury is seen in 16–25 percent of patients who
sustain a:

a. Knee dislocation
b. Hip fracture-dislocation
c. Pelvic fracture
d. Humerus fracture

7. Which of the following statements about compartmental
syndrome is TRUE?

a. Compartmental syndrome develops from a reduced gra-
dient between systolic pressure and compartmental pres-
sure.

b. Compartmental syndrome is seen when the gradient
between cerebral perfusion pressure and MAP decreases.

c. Compartmental syndrome results from increased inter-
stitial pressure in a closed osteofascial compartment,
causing ischemia and necrosis of muscle and nerve.

d. All of the above.

8. Patients have mortality of 30–40 percent in the first year
after hip fracture when they are managed nonoperatively.

a. True
b. False

9. In the first 24 hours after injury, third-generation
cephalosporins and fluoroquinolone antibiotics are an

acceptable alternative to surgical debridement to minimize
infection of open fractures.

a. True
b. False

A N S W E R S

1. False. Early fixation allows early and enhanced mobiliza-
tion, better pulmonary function, improved wound care,
diminished wound complications, and ultimately better
function. These effects are even more profound in patients
with multiple-system injury versus those with an isolated
fracture.

2. c. Improvement in the base deficit over time is one of the
most accurate and specific indicators of a patient’s volume
repletion and tissue oxygenation. The pH is less specific and
more easily regulated by the body’s compensatory mecha-
nisms, and lactate is subject to confounders such as alcohol
ingestion or renal disease. Hematocrit is slow to equilibrate
after hemorrhage and resuscitation. The INR has this prob-
lem and is also less relevant in terms of assessing perfusion
and oxygenation.

3. b. Severely injured patients with massive hemorrhage may
enter a systemic hyperinflammatory state called systemic
inflammatory response syndrome (SIRS). The intensity
depends on the initial injury, which is described as the first
hit. A secondary inflammatory event can result in a sec-
ondary insult leading to multiple-organ failure. SIRS can
be minimized or prevented by early resuscitation.

4. d. All of these injuries can cause massive hemorrhage that
can be life-threatening.

5. d. Initial management should consist of provisional reduc-
tion by manually closing the pelvic ring with a sheet or
binder. This decreases pelvic volume and can tampon-
ade bleeding from the sacral plexus. Very rarely there is
major arterial injury associated with fracture of the pelvic
ring (6–8% of unstable pelvic fractures). Angiography and
embolization or pelvic packing are life-saving measures in
these patients.

6. a. More than 75 percent of arterial injuries occur from pen-
etrating trauma, while blunt trauma causing fractures and
dislocations is a much less common etiology for vascular
injury. Traumatic knee dislocations are an exception to this
rule, as the incidence of arterial injury is 16–25 percent.

7. c. Extremity trauma can lead to compartmental syn-
drome. When the interstitial pressure in a closed osteo-
fascial compartment rises and causes capillary compro-
mise, local tissue becomes ischemic and necrosis begins.
Closed or open fractures, severe soft tissue trauma or crush
injury, and arterial injury are potential causes of compart-
mental syndrome. Hemorrhage in a closed space, arte-
rial spasm, and reperfusion of an ischemic area are part
of the sequential pathophysiology. Compartmental syn-
drome develops from a reduced gradient between dias-
tolic blood pressure and compartment pressure. Irreversible
muscle fiber changes are seen after 6 hours of ischemia,
and irreversible nerve damage is seen after 12 hours of
ischemia.

8. False. Mortality associated with hip fractures in the elderly
population is substantial, which is primarily a reflection



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-15 CUFX276-Smith-v2 May 12, 2008 17:29

2 4 2 ■ VA L L I E R A N D J E N K I N S

of declining overall health. In almost all cases, surgical
treatment is recommended. The risk of death increases dra-
matically with nonoperative management, likely approach-
ing 100 percent. Overall, men have mortality rates of 30
percent within 1 year and 40 percent within 2 years, and
women have mortality rates of approximately 15 percent
within 1 year and 23 percent within 2 years – despite surgi-
cal treatment.

9. False. Open fractures are surgical emergencies. After a
delay of 6–8 hours from the time of injury, infection rates
begin to rise, particularly for high-energy fractures. Intra-
venous antibiotics are administered as soon as the patient
presents to the hospital, followed by debridement and irri-
gation in the operating room. This is generally combined
with provisional or definitive fixation, as soon as is safely
possible.
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A N E S T H E T I C C O N S I D E R AT I O N S F O R

O R T H O P E D I C T R AU M A

Robert M. Donatiello, Andrew D. Rosenberg, and
Charles E. Smith

Objectives
1. List the advantages of early fracture fixation.
2. Discuss risk factors and complications of orthopedic trauma including advanced age, obesity,

intoxication, compartmental syndrome, positioning injuries, and fat embolism.
3. Evaluate anesthetic concerns for patients with hip fracture, pelvic injury, and traumatic spinal

cord injuries.
4. Review the options for postoperative pain control after orthopedic trauma including patient-

controlled analgesia (PCA), epidural analgesia, and peripheral nerve blocks.

I N T R O D U C T I O N

Almost 60 million people are injured in the United States annu-
ally, accounting for roughly one in six hospital admissions.
There are as many as 148,000 deaths related to trauma each
year in the United States [1]. Unintentional injuries were the
fifth leading cause of death in 2004 [2]. The fund of knowledge
gained from experiences and research work has given victims of
trauma significant potential for survival. This is particularly so
when considering orthopedic trauma and the anesthetic man-
agement of its victims.

This chapter breaks the surface of the choppy waters of
orthopedic trauma anesthesia. By exploring the patients that
present, and the scenarios by which they may be married to
trauma, as well as concepts related to their care, the anesthesia
practitioner may gain a new perspective on the management of
patients who have suffered acute orthopedic injuries.

E A R LY F R AC T U R E F I X AT I O N

When assessing a multiple-injury patient, attention to all sys-
tems is in high order. Although acute cardiopulmonary, visceral,
and neurologic trauma take precedence, it is of extreme impor-
tance that orthopedic injuries are fully evaluated (see Chapters
13 and 15). Should an open fracture be discovered, early fixation
is the key to preventing significant morbidity and mortality. In

reduction and fixation of such open fractures, fat embolism,
sepsis, and respiratory compromise may be avoided or mini-
mized.

Surgeons such as LaDuca, Seibel, and Johnson demon-
strated advantages of early fracture fixation, including:

Decreased motion in traction
Decreased fat embolism
Decreased pain
Improved pulmonary toilet
Improved pulmonary function
Ability to assume an upright position
Decreased sepsis and wound complications
Easier wound care
Improved extremity function [3]

In the years since their work, the anesthesiologist has faced
increasing challenges. When presented with a victim of a mul-
tiorgan trauma, including orthopedic concerns, he or she must
provide pain relief and surgical anesthesia without compromis-
ing other fragile systems that may require more immediate care
or have been subject to recent repair.

As in all trauma, a specific protocol, starting with the assess-
ment and management of the airway, breathing, and circula-
tion is to be implemented. The trauma bay should be heated to
avoid hypothermia, because the patient may have had signifi-
cant blood loss and exposure. Injuries must be triaged and the

2 4 5
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more life-threatening issues addressed. In severe circumstances,
an orthopedic assessment may need to occur while the patient
is anesthetized for an emergent general surgery. When inserting
intravenous catheters and monitoring equipment such as arte-
rial lines, fractured or potentially fractured extremities should
be avoided, if possible. A damaged extremity may harbor dam-
aged vasculature, which may allow infiltration of fluid, and
possibly, compartmental syndrome due to extravasation of
hyperosmolar substances (e.g., mannitol), concentrated elec-
trolytes (e.g., potassium, calcium), or vasoconstrictive sub-
stances. The degree of damage will depend on the localiza-
tion of the extravasation, physiochemical characteristics of the
extravasated solution, duration of tissue exposure, and patient
anatomy.

Implications of Early Fixation

Early femoral fracture fixation is not without risk. Fat embolism
is a possibility during such fractures, although the point of
early repair is to prevent such issues. An initial study by Pape
et al. [4] suggested that unreamed femoral nailing can improve
a patient’s oxygen ratio (arterial oxygen pressure / fractional
inspired oxygen), and thus, propensity to develop fat embolism,
compared to reamed femoral nailing. This activity does not
entirely prevent fat embolus, however. A case report by Byrick
et al. [5] described the migration of fat emboli to intracranial
vasculature, leading to coma in a 17-year-old accident victim
who had undergone unreamed femoral nailing. Transcranial
Doppler has been used in such instances to image emboli of
the cerebral circulation. Management in such situations is best
characterized as conservative, with an emphasis on occupa-
tional and physical therapy, as is common with stroke victims.

Early Pelvic Stabilization

Initiating surgical repair of pelvic fractures in a more imme-
diate time frame demonstrates similar decreases in morbidity
and mortality. This was first described by Leenan et al. [6] who
performed a series of fixations of open and unstable pelvic frac-
tures. Of fourteen patients in a ten-year period, only two died,
which Leenan and colleagues attribute to early fracture fixation
after patient stabilization. Many of these cases involved complex
intestinal, nervous, or urogenital injuries, and the two deaths
were attributed to complications taking place during proce-
dures other than the pelvic structural repair. Even when con-
sidering concomitant injuries involving pelvic structures and
major vasculature, early stabilization reduced mortality while
allowing for a good functional recovery.

Open pelvic fractures remain a challenge, as morbidity and
mortality are still elevated (see Chapter 15). A review article by
Dente et al. [7] examined open pelvic fractures at one urban
Level 1 trauma center from 1995 to 2004. Mortality, both imme-
diate and delayed, remains elevated, despite new technologies.
Associated intraabdominal injury or active arterial bleeding
requiring therapeutic angiography was found to be associated
with a grim prognosis. There is a continuing need for new ther-
apeutic approaches to this injury complex. The anesthesiologist
must be prepared to deal with providing care in remote loca-
tions, such as the angiography suite, and must be prepared to
transport potentially unstable patients to the next surgical stage
while limiting further morbidity. All equipment used in off-site

Table 16.1: Perioperative Considerations for Orthopedic
Trauma

Degree of urgency

Full stomach

Uncleared spines

Positioning injuries

Hypothermia

Major blood loss

Tourniquet problems with injury to underlying nerves, muscle,
blood vessels

Fat embolism after long-bone fractures with delayed emergence,
ARDS, cardiovascular collapse

Deep venous thrombosis

Compartmental syndrome

Severe postoperative pain

ARDS, acute respiratory syndrome.

Modified from Dutton RP, Grissom TE. Trauma and Acute Care. In Fleisher

LA, ed. Anesthesia and Uncommon Diseases, 5th edition. Philadelphia: Saun-

ders Elsevier, 2006, pp 505–34.

anesthesia management must be maintained in the same qual-
ity manner as standard operating room (OR) devices. It is also
important to have a reliable and rapid communication system
between the anesthesiologist in the remote location and anes-
thesia colleagues or technicians. Calling for help when dealing
with a potentially unstable patient should not be a procedure
in itself.

R I S K FAC T O R S F O R A N E S T H E S I A I N
O R T H O P E D I C T R AU M A

Trauma as a Risk Factor Itself

All patients presenting as victims of trauma are at an increased
risk for anesthesia and surgery. First, there is the issue of the
traumatic injury. Second, such patients often present in a con-
fused, or even unconscious manner, unable to give an adequate
medical history, including allergies, medications, and associ-
ated illness. The patient may be intoxicated by illicit substances,
causing changes to both mentation and vital signs. With greater
than 40 percent of blood volume lost, the patient will most likely
be agitated, confused, or obtunded [8]. The patient may present
emergently for limb salvage, control of hemorrhage, and nerve
repair or to prevent infection. There is a risk of full stomach
and uncleared spines (Table 16.1).

Age

As more of the population in the developed world is shifting
toward older age, the elderly patient as a fracture victim is com-
mon (see Chapter 25). From the surgical point of view, the
activity level of the patient, as well as the quality of bone are
considered at the time of repair. For example, El-Kawy et al. [9]
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Figure 16.1. Schematic relating obesity and its cardiovascular and respiratory pathophysiology. VO2, oxygen
consumption; VCO2, carbon dioxide production; VA, alveolar ventilation; Pulm, pulmonary; LV, left ventricle; RV,
right ventricle; HTN, hypertension. From F. Peter Buckley, MD FFARCS, Associate Professor of Anesthesiology,
University of Washington School of Medicine “Anesthetizing the Morbidly Obese Patient,” lecture.

looked at supracondylar fractures without extension into the
intraarticular compartment. In twenty-three patients aged 65–
97 years (mean, 75), operative time, blood loss, hospital stay,
and postoperative complications were reduced when using a
retrograde nail approach.

With this group in mind, there are certain anesthetic impli-
cations to be aware of when considering the elderly. Aside from
the increased neurologic sensitivity to anesthetics and the pro-
longed metabolism and excretion, the cardiopulmonary effects
of standard medications can be overwhelming. Besides the gen-
tle titration of any anesthetic dosing, regional anesthesia offers
promise in maintaining stability in this group. Within the con-
fines of regional anesthesia, more specific techniques, such as
continuous spinal anesthesia, have been investigated in compar-
ison with single-shot spinal techniques. Minville et al., [10] have
compared such techniques in 75 elderly patients (>75 years)
undergoing hip fracture repair. In their study, compared with
isobaric single-shot spinal, the continuous spinal group was less
likely to have a hypotensive episode. They noted that the contin-
uous spinal anesthesia group required a lower dose of local anes-
thesia overall, and required less ephedrine when hypotension
did occur. The anesthesiologist must be vigilant when dealing
with potential complications of neuraxial blockade, including
sympathectomy, and elevated block level [10].

Obesity

Obesity, as defined by a body mass index (weight in kilograms
divided by height in meters squared) of greater than 28, occurs

frequently in industrialized nations. Over half of the United
States population falls into the category of obese. Obesity with
obstructive sleep apnea predisposes to daytime somnolence,
which increases the risk of accidents (e.g., falling asleep at the
wheel). When considering the implications of such a habitus in
terms of trauma, one must first examine the major physiologic
changes that occur with significant weight gain.

As demonstrated in Figure 16.1, rising weight and oxygen
demand of excess tissue affect an increase in circulating blood
volume, plasma volume, and cardiac output. Whereas heart
rate must increase to meet oxygen demand, stroke volume must
also compensate. The result is not only resting tachycardia, but
hypertension. Increased cardiac work against resistance leads
to cardiac enlargement and left ventricular hypertrophy. The
right and left ventricles must both compensate. The end result
is pulmonary hypertension, decreased oxygen reserves, and an
overall poor response to stress. Coupled with this is a patient
having a higher resting gastric fluid volume with a lower pH,
plus more redundant tissue in and around the airway [11].

An obese patient presenting as a trauma exhibits many a
“worst case scenario” including:

Difficult identification of landmarks for IV access and
regional anesthesia

Difficult airway
Potential for aspiration and pneumonitis
Potential for rapid oxygen desaturation
Potential for cardiovascular collapse
Potential for obstructive sleep apnea (OSA)
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In response to this challenge, the anesthesiologist should
fully assess the patient while establishing a plan for airway
management and IV access. Rapid sequence induction and
intubation with cricoid pressure is of common use in trauma.
With fiberoptic technology more readily available, practition-
ers should be fully skilled with the fiberoptic bronchoscope (see
Chapter 2). Specialization with an alternative emergency airway
device is also significantly useful when dealing with the difficult
airway of the morbidly obese or facial trauma patient. Preoxy-
genation in a patient with high metabolic demand is crucial.
Succinylcholine dose is often higher in the morbidly obese, as
pseudocholinesterase levels are higher [11]. Due to the difficulty
in finding landmarks, as well as limitations in time, regional
anesthesia may not be efficient preoperatively. The necessity of
its application varies depending on the severity of the trauma
and the instability of the hemodynamics. Patients with OSA are
at increased risk to sustain adverse events during the postoper-
ative period, including hypoxemia, airway obstruction with the
need for tracheal intubation, arrhythmias, myocardial ischemia,
and death. Anesthetic agents including inhaled agents, barbi-
turates, neuromuscular relaxants, benzodiazepines, and nar-
cotics all cause relaxation of upper airway pharyngeal mus-
cles and alter control of breathing. Therefore, these agents
not only predispose the OSA patient to airway collapse and
obstruction, but also impair the normal ventilatory response
to the hypoxemia and hypercarbia resulting from the apneic
episodes.

Conduction blockade analgesia would be an excellent
choice for the obese patient in the postoperative setting. Nerve
blocks reduce the need for opioids in this patient popula-
tion, which is advantageous, especially in the obese patient
with OSA where such use of opioid agonists may lead to post-
operative respiratory depression and cardiopulmonary arrest.
Where landmarks may not be as readily available for post-
operative regional blockade, ultrasound-guided regional anes-
thesia may be of value in the obese patient (see Chapters 31
and 32). Direct visualization of anatomic structures prevents
undue morbidity in patients just subjected to trauma. With
increasing user experience, we believe that ultrasound technol-
ogy will improve the efficiency and success rate of peripheral
nerve blockade, especially in the obese patient with difficult
landmarks.

The Intoxicated Patient

Driving while impaired by alcohol, the most frequent cause
of motor vehicle accidents, accounts for roughly 40 percent of
traffic fatalities [1]. Alcohol creates a vasodilatory effect and
suppresses shivering, allowing for core temperature to decrease
[12]. Intoxicated patients may have full stomachs and decreased
airway reflexes. They may be confused and combative, mak-
ing for difficult IV access. Antidiuretic hormone (ADH) sup-
pression afforded by alcohol may cause the patient to present
in a more dehydrated manner than a nonintoxicated patient.
In acute intoxication, the minimum anesthetic concentration
(MAC) of anesthesia will be lower, whereas chronic nonintox-
icated drinkers may require significantly higher levels of anes-
thesia and sedatives [13].

Opioids can create an obtunded picture as well. An acutely
intoxicated opioid user will have respiratory depression and
may appear unresponsive. Anesthesia requirements may ini-

tially be lower. In the withdrawing patient, opioid require-
ments may be significantly higher. Intravenous drug-using opi-
oid abusers have a higher risk for contracting blood-borne dis-
eases such as Hepatitis C and HIV.

Cocaine use may lead to agitation and significant sympa-
thetic stimulation. Vasospasm of coronary arteries can lead
to myocardial infarction, even in young patients. This effect
may be intensified in an acutely exsanguinating and intox-
icated trauma victim. Pulmonary complications vary from
acute increases in pulmonary blood pressure to reactive air-
way symptoms. Alveolar hemorrhage, pulmonary edema, and
asthmatic symptoms may develop. The inhalation of “crack”
cocaine may cause direct damage to alveoli. Rhabdomyoly-
sis may lead to renal damage. Anesthetic requirements are
increased in the acutely intoxicated patient. Inhalational agents,
such as halothane and isoflurane, can induce arrhythmias and
attempts should be made to limit their administration. Mida-
zolam and dexmedetomidine are useful drugs for the treatment
of cocaine intoxication in normovolemic patients. Rather than
pure beta blockade, combination alpha and beta blockade can
be used to avoid the effects of alpha dominance [14].

Amphetamines and similar substances, such as ecstasy,
cause euphoria by inducing dopaminergic and serotonergic sys-
tems to be temporarily up-regulated. Chronic use leads to deple-
tion of these systems. The acutely intoxicated patient may man-
ifest many of the same requirements as the cocaine-intoxicated
patient. Chronic users have lower requirements due to cate-
cholamine depletion [14].

Hallucinogens such as lysergic acid diethylamide and psilo-
cybin impart vivid illusions on the viewer, which can lead to
significant agitation in a trauma situation. Sympathetic stimu-
lation, mydriasis, and hyperthermia may manifest [14].

Cannabinoids are a class of compounds that may impart
a variable effect to an anesthetic. Tachycardia and vasodilation
may manifest as orthostatic hypotension, [14] while its antisial-
ogogic properties may actually facilitate intubation by present-
ing a clearer field. The cognitive experience can vary from seda-
tion and euphoria to agitation and paranoia. Cannabinoids are
naturally occurring substances that are becoming more widely
accepted as having promise for medical applications, but they
also have the ability to impair judgment. In chronic users, there
is no change in MAC. In patients acutely under the influence,
MAC values are decreased, but wakening from anesthesia may
be delayed.

C H O I C E O F A N E S T H E T I C : R E G I O N A L
V E R S U S G E N E R A L

The choice of regional or general anesthesia depends on patient
preference, ability of the patient to provide informed consent,
confidence and expertise of the anesthesiologist in performance
of regional anesthesia (see Chapter 31), duration of the proce-
dure, surgical preference, and risk of compartmental syndrome.
Most isolated extremity procedures can be performed by using
regional anesthesia alone with appropriate sedation. More com-
plicated procedures including major trauma are generally done
with general anesthesia. Consideration for regional anesthesia
for postoperative pain control is routine. Combined techniques
may be employed in certain situations.
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S P E C I F I C T R AU M A S C E N A R I O S

The Battle Casualty

With violence uncoiling at an alarming rate both at home and
abroad, the consideration of the orthopedic victim of mis-
sile wounds has gained increasing relevance. Paramount to the
treatment course for such victims is the strict adherence to
trauma protocol and the ABC assessment. Once acceptable sta-
bility has been accomplished, the environment dictates the next
step (see Chapter 22).

On the battlefield, the importance of rapid assessment, pain
relief, and transport to a safe operating facility is of prime
importance. Buckenmaier et al. [15] describe the use of contin-
uous peripheral nerve blocks for pain relief during evacuation
from Iraqi battlefields. One particular scenario is recounted, in
which shrapnel damages a serviceman’s left calf. After apply-
ing a tourniquet to the lower extremity to limit blood loss, the
patient was transferred to the operative facility, where nerve
stimulators and insulated Touhy needles were used to place
continuous lumbar plexus and sciatic catheters. These catheters
were medicated and used for the surgical procedure and sub-
sequent pain control during transport from Iraq to Germany,
and ultimately, the United States. Over a 16-day period, the
same catheters, kept clean and well maintained, were used for
a total of five procedures, in three separate countries. The real
beauty, aside from the simplicity of the access to the catheters
and pain control, was that the infusions could be discontin-
ued in order to check neurologic function, then restarted later
for pain control. Interestingly, although the soldier required a
below-the-knee amputation, he developed neither a complex
regional pain syndrome nor phantom limb pain [15].

The Hip Fracture

Hip fracture is a common injury in the geriatric age group, with
a mortality rate ranging from 14 percent to 36 percent in cer-
tain populations [16]. There are benefits to immediate fixation
for most patients. In the published series reviewed by Whinney
[16] patients who underwent surgery earlier had lower rates
of nonunion, avascular necrosis of the femoral head, urinary
tract infections, decubitus ulcers, pneumonia, venous throm-
boembolism, and death, and better long-term functional sta-
tus than did those who underwent surgery later [16]. How-
ever, there are caveats to the immediate repair of such injuries
within 24 hours. The patient’s coexisting conditions must be
stabilized efficiently, especially as the larger population at risk
is the elderly.

While the anesthetic technique employed for hip repair is
not a crucial factor in perioperative survival, other factors may
significantly affect patient management in these scenarios. Fac-
tors such as American Society of Anesthesiologists (ASA) clas-
sification, age, and sex have been shown to affect outcome.
Kenzora et al. [17] performed a retrospective analysis that
demonstrated a higher mortality rate in patients suffering from
four or more preexisting medical conditions. Richmond et al.
[18] determined that patients younger than 85 had a higher
mortality rate than their older counterparts in a two-year
follow-up. This was because most of the younger hip fracture
patients were often in a higher ASA class (3 or 4) than those older
than 85. This study lent further support to the work of White

et al. [19] who noted a sixfold increase in mortality for age and
sex – matched controls in ASA 3 or 4 versus ASA 1 and 2 patients.

There has been no evidence to suggest that a regional anes-
thetic technique provides for a better outcome than a gen-
eral technique. One such study, performed at the Hospital for
Joint Diseases, examined the outcomes of 622 patients anes-
thetized by either general or spinal means. While ASA class 3
or 4 patients, as well as those older than 85, had higher mor-
tality rates, the choice of anesthetic made no difference as to
outcome [20]. As mentioned above, however, the patient’s pre-
senting medical profile may influence technique. For example,
in a patient with severe asthma and current smoking history,
stimulating the airway with general anesthesia may not be as
advantageous as performing a spinal anesthetic with minimal
to no sedation.

The type of hip fracture may help to determine anes-
thetic technique. Uncomplicated femoral neck fractures may
require only femoral-lateral, femoral-cutaneous, or three-in-
one blocks for pinning. More involved procedures, such as the
plating of intertrochanteric fractures, have a greater potential
for blood loss. More manipulation of the leg may be required,
and the procedure may take a longer time. In such instances, a
more involved technique, such as continuous epidural, or a care-
fully conducted general anesthetic may be the most appropriate
choice, after taking the medical history into consideration.

Aside from potential hazards presented by the recently
traumatized patient, their medical history, the complexity of
the procedure, and intraoperative pain management require-
ments, another complication may befall the hip fracture patient.
Methylmethacrylate cement is often necessary in hemiarthro-
plasty or total joint replacement after hip fracture. This com-
pound’s intrinsic properties, as well as the mechanism of its
placement into the femoral canal, can lead to arterial oxygen
desaturation, cardiac and pulmonary complications, hemody-
namic instability, and even cardiac arrest [21]. More problems
have been noted after inadequate mixing of monomers and
polymers and when sufficient solidification has not occurred
prior to placement within the femoral shaft. The mechanism
of impaction of cement into the femoral shaft can force fat and
marrow emboli, as well as thromboplastic elements into the
circulation.

While technologies exist to detect emboli associated with
methylmethacrylate cement or the hip fracture itself, vigilance
is paramount to the care of the hip fracture patient. Simply
noting the preoperative oxygen saturation of the patient and
providing supplemental oxygen during the procedure (espe-
cially noteworthy in patients receiving regional anesthesia) will
create a baseline for establishing suspicion of an embolic event.
From that point, pulmonary and cardiac support can be quickly
administered as needed. Aside from the benefit of clinical sus-
picion, arterial blood gas analysis and echocardiographic eval-
uation can aid in the diagnosis and treatment of emboli before
their disastrous consequences befall the patient.

The Pelvic Fracture

Among orthopedic trauma, pelvic fractures carry the high-
est mortality rates. A number of critical structures are housed
within its confines, and with significant trauma, life-threatening
hemorrhage is expected (see Chapter 15). Mohanty et al.
[22] has noted that although the incidence of pelvic fractures
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Figure 16.2. Anatomical relationship of the bony pelvis to its arterial blood supply. From Brotman S, Soderstrom
CA, Oster-Granite M, et al. Management of severe bleeding in fractures of the pelvis. Surg Gynecol Obstet
1981;153:823.

compared with all other orthopedic fractures is low (2%), the
incidence is increasing because of more high-speed vehicular
accidents and suicide attempts. To better understand the impli-
cations of pelvic fracture, a closer look at the pelvic vascular
anatomy is warranted.

There is a close association of the bony pelvis to the arte-
rial supply. An article by Brotman et al. [23] details the vascular
supply, which is composed of four interconnected collateralized
loops. These loops are further subdivided into two lateral, one
anterior median, and one posterior median loop. Figure 16.2
allows one to appreciate that a pelvic fracture near the lateral
sacral artery or superior gluteal artery can result in uncontrolled
bleeding from any significant vascular disruption. Compound-
ing this is the fact that the venous system draining the pelvis
is valveless (portal system), leading to significant pooling. The
arterial loop bleeding may be determined by the type of fracture
present.

Cryer et al. [24] have divided fractures into three main types.
Type 1 fractures occur due to anterior-posterior compression.
This compression can cause the symphysis pubis to “pop” open,
leading to pubic rami, or “open-book” fractures. As this may
increase the pelvic volume, more blood may be able to fill the
zone. A lateral compression fracture (Type 2), or vertical sheer
fracture (Type 3) can also lead to severe bleeding into the pelvis.

The potential result of any of the three types of fractures is
rapid hemodynamic instability. Mucha et al. [25] noted that
such instability may lead to a significantly higher mortality
rate (42% in unstable vs. 3.4% in stable patients). The only
significant intrinsic characteristic of the pelvis is its retroperi-

toneal location. Tamponade in such a space may be the only
mortality-preventing phenomenon. In the time spared by a
pelvic hematoma, contrast computed tomography (CT) may be
used to detect arterial hemorrhage, and interventional angiog-
raphy may be used embolize disrupted vessels [26]. Of course,
the patient should be hemodynamically stable to allow for scan-
ning and embolization.

It is essential to place large-bore intravenous (IV) catheters
early in order to allow for stabilization of hemodynamics (see
Chapter 4). Central line access above the pelvis may be neces-
sary in order to infuse large volumes of crystalloids, colloids,
and blood products. A low threshold for arterial line placement
is reasonable, as standard noninvasive blood pressure cuffs may
not respond quickly to large drops in blood pressure. All solu-
tions should be warmed, as hypothermia can lead to coagulopa-
thy, acid-base imbalance, and ineffectiveness of basic pharma-
cokinetic pathways. Cryer et al. [24] investigated the amount
of blood loss per pelvic fracture type. It was found that 50 per-
cent to 69 percent of patients with unstable fractures will require
four or more units of blood, and that 30 percent to 49 percent of
patients would require greater than 10 units [24]. Assessment of
volume status may be confusing, especially in younger patients.
Particular attention should be paid to evidence of peripheral
skin circulation, heart rate, and pulse pressure. Hematocrit lev-
els, central venous pressure readings, and arterial blood pres-
sures can be unreliable in shock scenarios. A base deficit with
metabolic acidosis as obtained via arterial blood gas can be a
better indicator of shock severity [22]. Along these lines, lactate
levels are believed to correlate with total oxygen debt, which
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will increase with hypoperfusion and shock. While efforts are
made to replace fluids lost, the surgical team must attempt hem-
orrhage control [22]. Devices useful to maintaining perfusion,
such as military antishock trousers, may help to reduce fracture
fragments. The placement of external fixators in the emergency
department may also decrease blood loss by quickly reducing
the fracture [22].

Once some evidence of hemodynamic stability has been
attained and maintained, it may be possible to explore inter-
ventional angiography, as mentioned above. The benefit of min-
imally invasive techniques in the pelvis focuses on the ability
to stop bleeding without having to open the retroperitoneum.
Velmahos et al. [26] report on a series of 65 consecutive pelvic
fractures and 35 abdominal injuries that were treated with
selective embolization. In 95 percent and 94 percent, respec-
tively, results were satisfactory, leading them to conclude that
embolization is highly effective in controlling bleeding caused
by abdominal and pelvic injuries and difficult to manage by
surgery. Older age, the absence of long-bone fractures, and
emergent angiography were noted by Velmahos and colleagues
to increase the likelihood of finding active bleeding angiograph-
ically [26].

Pelvic and acetabular surgery are major surgical interven-
tions. Associated injuries must be addressed. The proposed
position, estimated blood loss, and the possibility of sciatic
nerve monitoring should be considered. Position should allow
the best surgical access while not compromising vital signs or
access to monitors. Proper preparations must be made to ensure
that adequate access and adequate blood and resuscitative fluids
are available and prepared for immediate use. Neurologic mon-
itoring presents additional challenges. High doses of volatile
agents and benzodiazepines may interfere with somatosensory
evoked potential monitoring (SSEP) signals (see Chapter 5).
Regimens that would normally be employed for monitoring
SSEPs, such as propofol, may not be well tolerated because
of hypotension and myocardial depression (see Chapter 8).
A nitrous oxide–narcotic technique with supplementation by
tertiary amines such as scopolamine for amnesia may allow
for monitoring of SSEPs, but can be associated with aware-
ness during general anesthesia (see Chapter 5). Nitrous oxide is
often contraindicated in trauma patients because of the poten-
tial expansion of air-containing spaces.

In the postoperative setting, pelvic fracture pain control
is key. Patients are often placed into passive motion machines
immediately after surgery. Intramuscular injection of opioids,
patient-controlled analgesia (PCA), and epidural delivery of
opioids and low doses of local anesthetics are all options. Nolan
et al. [27] compared epidural versus patient-controlled epidu-
ral analgesia in twenty-four patients who were recovering from
pelvic trauma surgery and found them to be equally effec-
tive. Meyhoff et al. [28] sent questionnaires to 221 patients,
each four to eight years following pelvic surgery. Chronic
pain was addressed. In the survey, 48 percent of respondents
reported chronic pain. Chronic pain was somatic nocicep-
tive, visceral nociceptive, and neuropathic. A significantly lower
health-related quality of life was reported by the chronic pain
patients. Also, the use of opioids (14% vs. 5%) and nonsteroidal
anti-inflammatories/paracetamol (58% vs. 22%), the request
for financial compensation (76% vs. 46%), and complications
related to leg function (63% vs. 21%) were significantly higher
in the group with chronic pain than in the group without
chronic pain [28] (see Chapter 35).

Traumatic Spinal Injuries

The spectrum of traumatic possibilities involving the spinal
column, while not limitless, is certainly wide (see Chapters
13 and 14). When dealing with the patient who was subject
to a spinal column injury, management is based on not just
the patient’s preexisting conditions, but also on risks associ-
ated with all physiologic systems. Additionally, the care of the
patient involves variables that greatly affect anesthetic tech-
nique including degree of cervical spine pathology as it affects
endotracheal intubation and neck movement (see Chapter 2),
caring for patients undergoing prolonged surgeries (combined
anterior-posterior fusions), use of lung isolation techniques (see
Chapter 19), and loss of vision after prone positioning.

Depending on the nature of the injury, the entire initial
presentation may vary. A burst fracture of a vertebral body, for
example, covers a spectrum of its own. The victim may have
been fortunate enough to maintain intact neurologic function,
or the picture may present as a far more grave one. The level of
the trauma dictates not only which function may be lost, but also
the autonomic nervous system’s response. Transections at C5
and above are not compatible with life without constant venti-
latory assistance due to loss of phrenic nerve innervation. Sym-
pathectomy may occur with transections involving segments
T1 to L2. Severity depends on the level, and above T6, the
parasympathetic (vagal) system may become unopposed. The
resulting scenario of bradycardia, hypotension, and hypother-
mia is termed neurogenic shock. Clinicians accepting patients
presenting with such a scenario must quickly differentiate
between this process and hypovolemic shock, which presents
initially with tachycardia and hypotension, but may progress
to bradycardia quickly depending on the severity of the exsan-
guination (see Chapter 3). In the neurogenic shock patient,
immobilization, steroid administration, and support of vital
signs must be accomplished in an efficient manner [29].
Decreases in vascular resistance with associated vascular dilata-
tion can lead to rapid deterioration and death. The administra-
tion of atropine, intravenously or via the trachea, should combat
persistent vagal tone, and direct pressors, such as phenyle-
phrine, can maintain vascular tone. Proper fluid resuscitation
maintains perfusion and facilitates maintenance of blood pres-
sure. Urinary output should be monitored with catheteriza-
tion. Under most circumstances, immobilization and conserva-
tive management precedes immediate surgery. Of course, when
more grave, life-threatening injuries are present, proper care
must be maintained to prevent aggravation of the neurologic
injury.

The severity of the injury determines the potential for repair,
and some victims will present for surgery. There should be ade-
quate time for optimization of the patient’s physiologic sta-
tus prior to entry into the surgical theater. After the measures
mentioned earlier have been taken, the surgical plan will influ-
ence the anesthetic. First, to maintain neurologic function, the
decision will most often involve some sort of neurologic mon-
itoring (see Chapters 5 and 13). As seen in Table 16.2, vari-
ous neuromonitoring schemes affect the choice of medications
administered.

Depending on the duration of time since the injury, certain
precautions need to be taken. For example, autonomic hyper-
reflexia may occur days to years after injury, but its inciting
stimuli and results can complicate an already challenging anes-
thetic. This potential scenario develops more commonly with
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Table 16.2: Complications of the Prone Position

Endotracheal tube kinking or dislodgement

Edema of face and upper airway with postoperative respiratory
obstruction

Arterial or venous occlusion of the upper extremity

Kinking of the femoral vein with marked flexion of the hips

Increased abdominal pressure may elevate epidural venous
pressure, contributing to intraoperative bleeding

Brachial plexus stretch or compression

Ulnar nerve compression due to pressure medial to the olecranon

Peroneal nerve compression due to lateral pressure over the head of
the fibula

Lateral femoral cutaneous nerve trauma due to pressure over the
iliac crest

Gross hyperflexion or hyperextension of the neck

Pressure over the eyes and retinal injury

Ischemic optic neuropathy

Corneal abrasion

Headrest may cause pressure injury of supraorbital nerve.

Excessive rotation of the neck and kinking of the vertebral artery

Modified from Sharrock NE, Beckman JD, Inda EC, Savarese JJ. Anesthesia
for orthopedic surgery. In Miller R, ed. Miller’s Anesthesia. Philadelphia, PA:
Elsevier; 2005, 2409–34.

transections at T5 or above, and rarely with transections below
T10. Visceral or cutaneous stimulation of the body below the
level of the lesion (such as with bladder catheter insertion
or bladder distension from an obstructed catheter) can lead
to a profound autonomic response, termed a “mass reflex”
[31]. Severe hypertension and vasoconstriction occur below the
lesion, and reflex bradycardia, flushing, and vasodilation occur
above the lesion. Cardiac dysrhythmias may occur, and the pro-
found sympathetic outflow may lead to myocardial ischemia.
While vasodilating agents and alpha antagonists are useful in
treating the sympathetic outflow, the best plan is prevention
of the response. Noting the level of the transaction preopera-
tively, planning a general anesthetic for the spinal surgery (or
spinal anesthetic for lower-extremity surgery), and using appro-
priate monitors, such as arterial lines, may help to allow early
recognition of this hyperreflexic response in post-spinal trauma
patients.

Other difficulties exist in this patient population. Succinyl-
choline can cause lethal hyperkalemia, although this agent may
be safely used during the acute phase after injury (see Chap-
ter 9). Succinylcholine is therefore generally avoided after 24
hours of denervation injury [32]. Major spine surgery in the
thoracic and lumbar areas may involve anterior, posterior, or
combined procedures (see Chapter 13). The anterior compo-
nent can include thoracic exposure and necessitate lung iso-
lation. The procedures may be prolonged and result in major

blood loss and fluid shifts. Large-bore IV access and arterial line
monitoring are routine (see Chapters 4 and 5). The prone posi-
tion is associated with altered pulmonary function, increases
in venous pressure, and stretch on nerves (Table 16.3). The
position of the patient will affect monitoring and access to all
patient systems. The spectrum may vary from a high cervi-
cal injury repair involving awake fiberoptic tracheal intubation
and nearly complete isolation of the head, to prolonged prone
positioning with arms isolated at the sides of the body, to a
procedure involving multiple position switches – posterior, to
anterior, back to posterior (see Chapter 14). Utmost care must
be taken during positioning the patient in order to minimize the
risk of positioning injuries and dislodgement of catheters and
tubes. Extremities should be placed in positions of comfort,
preventing torsion or traction on neurovascular bundles. All
pressure points should be padded. Particular attention should
be given to the eyes, ears, nose, breasts, and genitalia when the
patient is in the nonsupine position. Chest roll should be prop-
erly positioned such that mechanical ventilation is facilitated
without the use of excessive airway pressures.

Blindness is a unique problem in spinal surgery done in
the prone position (see Chapter 23). While direct pressure on
the eye can cause blindness, the majority of cases of blind-
ness are due to ischemic optic neuropathy. Factors contribut-
ing to postoperative visual loss include perioperative anemia,
hypotension, intrinsic disease, and resistance to blood flow.
Decreased blood flow and oxygen delivery to the posterior cil-
iary arteries (which are end arteries) may be compromised due
to prone positioning, especially with the head down. Concern-
ing the development of ischemic optic neuropathy after spinal
surgery, the following statements were published by a practice
advisory committee of the American Society of Anesthesio-
logists:

1. The use of deliberate hypotensive techniques has not
been shown to be associated with the development of
postoperative visual loss.

2. Colloids should be used along with crystalloids in main-
taining intravascular volume in patients with substan-
tial blood loss.

3. There has been no documented lower limit of
hemoglobin concentration that has been associated
with perioperative visual loss.

4. The use of alpha agonists should be made on a case-by-
case basis.

5. The high-risk patient should be positioned so that the
head is level with or higher than the heart, if possible.

6. Staged spinal procedures should be performed in
higher-risk patients [33].

Whether or not tracheal extubation should take place fol-
lowing prolonged spine surgery depends on a number of factors,
including degree of facial swelling, duration of the procedure,
amount of blood loss, hematocrit, pulmonary function, body
temperature, and other factors.

Management of Blood Loss and
Hemodynamic Monitoring

Major pelvic, femur, and spine surgeries are associated with
significant blood loss (e.g., 2–6 units of blood). If large blood
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Table 16.3: Title Anesthetic Considerations for Neuromonitoring

Monitoring Method Function Anesthetic Limitations

SSEP (somatosensory
evoked potentials)

Assessing dorsal columns/
sensory pathways

Limit volatile anesthetic to <0.3 MAC
Limit N2O to <50%
Neuromuscular relaxant facilitates

procedure
Avoid benzodiazepines
Primarily a propofol/ narcotic technique

EMG (electromyelogram) Assessing motor pathways,
peripherally

Avoid neuromuscular relaxants

MEP (motor evoked
potentials)

Transcranial stimulation
to assess motor pathways,
centrally

Similar to SSEPs
Avoid neuromuscular relaxants
Limits volatile anesthetic to zero, if

possible
Limit N2O to zero, if possible

Source: Yingling C. Anesthesia for Neuromonitoring Lecture, University of California, San Francisco, February, 2003 [30].

losses are anticipated, adequate venous access must be secured
and invasive monitoring should be used (see Chapters 4 and
5). Central venous lines provide excellent and reliable venous
access, and arterial line placement allows for accurate blood
pressure measurements, pulse contour analysis, and sampling
of arterial blood for blood gases, blood count, and coagula-
tion tests. Monitoring urine output is also routine for major
orthopedic trauma surgery. The risks and benefits of various
fluid options are covered in detail in Chapters 6, and 7. Pre-
donation of autologous blood is not possible after accidents,
although delaying surgery in patients with severe anemia in
order to administer preoperative erythropoietin is sometimes
done. Use of a cell saver, lowering of the transfusion trigger, and
maintenance of normothermia are also done (see Chapter 29).

Compartmental Syndrome

When dealing with orthopedic fractures, another concern that
exists is compartmental syndrome (see Chapter 15). Compart-
mental syndrome occurs when additional bleeding or swelling
of tissues occurs in a relatively noncompliant compartment,
usually long bones of the upper and lower extremities. The
pressure increase causes compromise to the affected extremity,
leading to ischemia of nerves and muscles. Muscle breakdown
can lead to rhabdomyolysis and renal failure secondary to myo-
globin.

Presenting symptoms and signs include pain out of propor-
tion to injury, and “stretch pain,” or pain on passive motion.
Patients may complain of numbness and/or paresthesia. Epidu-
ral analgesia, while effective in relieving pain, may mask the
earliest symptoms of compartment syndrome. Strecker et al.
[34] have commented on the need to deliver lower concentra-
tions of local anesthetics in epidural infusions, as a patient of
theirs complained of pain and paresthesia only after an epidural
infusion was discontinued, delaying diagnosis and treatment.
Also, while ischemia may be occurring in one compartment,
distal pulses may still be palpable, making a waveform on pulse
oximetry nondiagnostic. DeMarchi et al. [35] have noted that

early ultrasound is undoubtedly the first diagnostic technique
of choice, being quick and minimally invasive. Magnetic reso-
nance imaging (MRI) is recommended in more complex cases,
as it reveals a more panoramic view of all compartments. Defini-
tive diagnosis has traditionally been made by measurement
of compartmental pressure, traditionally performed percuta-
neously. An intracompartmental pressure of greater than 30 to
35 mmHg is consistent with compartmental syndrome [36].

Treatment was first described in 1919 [36]: an upper-
extremity compartment was relieved with a fasciotomy. Pelvic
compartmental syndromes are much more rare. A case report
by Zhang et al. [37] described compartmental syndrome after
a bicycle–truck collision and the obstruction of the ureter with
renal failure that ensued from compression of renal structures
by hematoma. After proper stabilization with arterial emboliza-
tion and diagnosis of compartmental syndrome by CT scan and
ultrasound, the retroperitoneal compartment was evacuated.
Bilateral nephrostomies were also necessary to relieve posto-
bstructive syndrome, allowing diuresis. Rhabdomyolysis must
be treated with aggressive diuresis and adequate fluid replen-
ishment, while avoiding myoglobin damage to renal structures.
This may require diuretics such as mannitol, as well as alkalin-
izing agents used to prevent myoglobin precipitation.

Fat Embolism

Fat embolism syndrome develops in 3–10 percent of patients
after long-bone fracture [38]. The more severe cases of fat
embolism involve fractures of the femur and tibia. Fat embolism
represents capillary endothelial breakdown, causing pericapil-
lary hemorrhagic exudates that are most apparent in the lungs
and brain [39]. Signs include hypoxia, increased alveolar to oxy-
gen gradient, tachycardia, mental status changes, and petechiae
on the conjunctiva, axilla, or upper thorax. Pulmonary hyper-
tension and decreased cardiac function (right heart failure) may
occur. The syndrome is associated with cerebral edema as well as
pulmonary edema. Delayed emergence may ensue. Lung infil-
trates may appear on the chest x-ray. Fat globules may appear
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in the urine. Fat may pass to the systemic circulation through a
patent foramen ovale and further cause central nervous system
dysfunction.

Treatment consists of early recognition, oxygen administra-
tion, and maintenance of intravascular volume. Corticosteroids
are probably not necessary [38]. Acute right heart failure may
necessitate invasive monitoring, inotropes, and other vasoactive
drugs. With appropriate fluid management, adequate ventila-
tion, and the prevention of hypoxemia, the outcome is usually
excellent [39].

P O S T O P E R AT I V E C A R E

In all scenarios, successfully supporting the patient during
potentially stressful surgical procedures is one accomplishment.
Postoperatively, these patients often require mechanical venti-
lation (see Chapter 30), and are subject to many metabolic
and hematologic derangements including anemia, coagulopa-
thy, acidosis, and hypothermia. Controlling pain in the post-
operative period is still another challenge. Very often, certain
orthopedic procedures, such as pelvic fracture stabilization,
require mobilization immediately after surgery. Therefore, for
each type of injury and patient type, a different postoperative
pain regimen may be necessary.

Patient-Controlled Analgesia

The key word when considering PCA is “control.” This type
of analgesia delivery system offers the patient the benefit of
immediate response to need. Standard solutions may include
an opioid such as hydromorphone or morphine. By setting a
loading dose, intermittent dose, lockout period, basal rate, and
maximum dose per hour, the clinician can adjust the analgesia
to the needs of the patient. Most PCA devices keep a log of
patient requests and deliveries of medication, so that fine- tun-
ing can be made based on the patient’s needs. In certain circum-
stances, the PCA device may not be ideal. In patients with severe
rheumatoid disease or contractures, the ability to press the but-
ton may be limited. Under no circumstances should another
person be authorized to push the PCA button, as it could lead
to overdose. In the morbidly obese, or patients with central
or obstructive sleep apnea, the potential respiratory depression
from not just the request doses, but also a basal rate, should
stimulate the clinician to formulate a safe plan. Observing such
patients in a monitored setting and avoiding basal rates should
be considered.

A review of the safety and efficacy of PCA technique was
conducted by McIntyre [40] in 2001. Patient satisfaction com-
pared to intermittent intramuscular injection was reported in
many instances as high, but side effects, ranging from itching,
nausea, and vomiting to respiratory depression limited over-
whelming support. It was noted that the patients still depended
on the support staff’s knowledge of the PCA device, to the point
that the pain scores were higher in those patients whose atten-
dant could not troubleshoot the device.

Continuous Epidural Analgesia

Epidural analgesia after surgery offers significant benefits that
may help to decrease postoperative morbidity [41]. With a func-

Table 16.4: Effectiveness of Methods for Managing Acute
Postoperative Pain

Method
Moderate to
Severe Pain Severe Pain

Intramuscular 67 (58–76)% 29 (19–39)%

PCA 36 (31–40)% 10 (8–13)%

Epidural (continuous) 21 (18–24)% 8 (6–10)%

Adapted from Dolin SJ, Cashman JN, Bland JM. Effectiveness of acute
postoperative pain management: I. Evidence from published data. Br J
Anaesth 2002;89(3):409–23.

tioning neuraxial block, the physiologic stress caused by pain
can be eliminated completely, thus reducing risk for the effects
of sympathetic stimulation (see Chapters 31 and 35). A review
conducted by Moraca et al. [41] noted a decrease in major com-
plications with continuous epidural analgesia as follows: peri-
operative cardiac morbidity (down, 30%), pulmonary infec-
tions (down, 40%), pulmonary embolism (down, 50%), ileus
(down, 2 days), acute renal failure (down, 30%), and blood
loss (down, 30%). When compared with PCA in the postoper-
ative setting, patient satisfaction, based on a lower incidence of
moderate to severe pain, is also higher [42]. The study by Dolin
et al. [42] compared epidural versus PCA versus intramuscular
injection. The results were significant for major reduction in
moderate to severe pain (Table 16.4).

Epidural analgesia, however, is not without its difficul-
ties and risks. First, patients may fear the concept of a needle
placed in their back and refuse the procedure. Second, there are
contraindications to epidural analgesia, such as coagulopathy,
which could lead to epidural hematoma, and localized or sys-
temic infection, which could lead to meningitis. An appropriate
length of time should elapse after the last dose of low-molecular-
weight heparin prior to performing epidural analgesia and prior
to removing an epidural catheter to decrease the risk of spinal-
epidural hematoma. Guidelines have been published by the
American Society of Regional Anesthesia concerning neuraxial
analgesia and use of low-molecular-weight heparins [43]. Place-
ment of an epidural requires a significant amount of skill, and
the small catheter that is placed into the space surrounding the
dura can be seated so as to provide only a partial block, or may
become easily dislodged. Therefore, careful patient selection
and extreme vigilance is necessary when considering epidural
analgesia, especially in patients to receive thromboprophylaxis.
Patients with continuous infusions or demand-based epidu-
ral (patient-controlled epidural analgesia, PCEA) should have
their neurologic status monitored. With rare risks of neurologic
trauma, infection, and toxicity of local anesthetics aside, a well-
orchestrated epidural may be the key to pain relief for many
postoperative trauma patients [44].

Nerve Block Analgesia

Depending on a number of factors, nerve blocks for analgesia
in the posttrauma population have significant potential (see
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Middle scalene muscle

Anterior scalene muscle

Figure 16.3. Interscalene approach to the brachial plexus. The needle is
inserted between the anterior and middle scalene muscles and advanced
under ultrasound guidance and/or while observing for twitches. From
Bernstein RL, Rosenberg AD, Albert DB. Trauma patient with orthopedic
injuries. In Rosenberg AD, Grande CM, Bernstein RL, ed. Pain Manage-
ment and Regional Anesthesia in Trauma. London: WB Saunders, 2000,
p 358.

Chapter 31). The importance of patient cooperation, for exam-
ple, is crucial to success and the prevention of nerve injury.
Consideration must be given to the use of anticoagulation post-
operatively, especially when placing catheters in patients who
will be receiving low-molecular-weight heparins. Advances in
imaging, such as ultrasonography, have offered a visual
approach to blocking nerves [45] (see Chapter 32). In the ten
years since starting to apply ultrasound in regional anesthesia,
Marhofer et al. [45] reports “the success rate has been almost
100%” in the 4,000 blocks performed. He relates this success
to the direct visualization of nerve structures, and therefore the
ability to see just where the local anesthetic is going. Of course,
there is the cost of the ultrasound device, as well as the train-
ing required to use it. At our institution, a significant number
of clinicians have moved from nerve stimulator techniques to
pure ultrasonography.

Figure 16.4. Infraclavicular block. The midpoint of the clavicle is iden-
tified and the needle is introduced toward the pulsation of the axillary
artery in the axilla. From Rosenberg, Andrew AD. Current issues in the
anesthetic treatment of the patient for orthopedic surgery. ASA Annual
Meeting Refresher Course Lectures, Chicago, 214:1–6, 2006.

Figure 16.5. Infraclavicular block. The needle is attached to a nerve stim-
ulator and is passed at a 45◦ angle from a point one inch below the clavicle,
perpendicular to the clavicle to the point determined by superficial stim-
ulation. From Rosenberg, Andrew AD. Current issues in the anesthetic
treatment of the patient for orthopedic surgery. ASA Annual Meeting
Refresher Course Lectures, Chicago, 214:1–6, 2006.

In terms of preoperative blocks for trauma surgery, the sit-
uation must first be efficiently and accurately assessed. The
patient must not only be hemodynamically stable in order to
take the time to perform the block, but a neurologic assessment
must be conducted prior to the block, and the patient must be
cooperative enough to remain still. The possibility of intravas-
cular injection is also more likely, especially if the patient has
open wounds near the point of needle insertion. It is more likely
in trauma scenarios that the peripheral nerve block can be con-
ducted after the procedure, when stability is assured, neurologic
status has been assessed, and the patient may not be in as much
a state of duress.

Blocks are chosen based on site of surgical pain. For exam-
ple, an interscalene block is utilized for postsurgical pain involv-
ing the shoulder down to the midshaft of the humerus (Figure
16.3) [46]. Infraclavicular blocks are used for pain below the
midshaft of the humerus including the elbow, forearm, and
hand. For the infraclavicular block, the head is turned away from
the side to be blocked and the arm is abducted 90◦. Superficial
stimulation is used to locate the brachial plexus as proximal
in the axilla as possible (Figures 16.4 and 16.5). The insulated
needle is passed at a 45◦ angle from a point one inch below the
clavicle, perpendicular to the clavicle, to the point determined
by superficial stimulation. The endpoint is a twitch in the dis-
tribution of the median, ulnar, or radial nerves (a twitch in the
forearm, wrist, or hand at 0.4 mA or lower). The advantage
of the infraclavicular block is that the musculotaneous nerve
is also blocked. We do not accept a biceps twitch as a reliable
endpoint. Alternatively, an ultrasound approach to the infra-
clavicular area can be used. The block is performed at a point
just medial to the coracoid process. The pulsating axillary artery
and surrounding cords of the brachial plexus are visualized and
injection of local anesthetic is done (Figures 16.6, see also color
plate after p. 294; and 16.7). Axillary blocks are utilized for pain
involving the ulnar side of the hand.

For lower-extremity pain involving the distribution of the
femoral, obturator, and lateral femoral cutaneous nerves, lum-
bar plexus blocks can be used (Figure 16.8). Examples of such
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Figure 16.6. Use of ultrasound for the infraclavicular block. The probe
is placed medial to the coracoid process. From Rosenberg, Andrew AD.
Current issues in the anesthetic treatment of the patient for orthope-
dic surgery. ASA Annual Meeting Refresher Course Lectures, Chicago,
214:1–6, 2006.

pain are fractured hip, femoral shaft fracture, and other anterior
femur surgeries. Femoral nerve and lateral femoral cutaneous
nerve blocks can be utilized for femoral neck fractures. Com-
bined femoral and sciatic nerve blocks (Figure 16.9) are effective
for surgeries of the knee or below.

A safe block, useful in traumas affecting the lower extremity
(specifically the area of distribution including the quadriceps,
and top and sides of the knee) is the fascia iliaca block (Figure
16.10). The block is performed in a location between the femoral
nerve and the lateral femoral cutaneous nerve so as to minimize
the chance of nerve damage or accidental arterial or venous
puncture. A nerve stimulator is not required. With landmarks

Figure 16.7. Infraclavicular block using ultrasound. The direction of the
needle from just below the clavicle toward the lateral and posterior cords
of the brachial plexus is shown. From Rosenberg, Andrew AD. Current
issues in the anesthetic treatment of the patient for orthopedic surgery.
ASA Annual Meeting Refresher Course Lectures, Chicago, 214:1–6, 2006.

Figure 16.8. Anatomy of the lumbar plexus block. The block is done with
the patient in the lateral position. The needle is inserted until the trans-
verse process is encountered and redirected deeper while observing for
twitches. From Bernstein RL, Rosenberg AD, Albert DB. Trauma patient
with orthopedic injuries. In Rosenberg AD, Grande CM, Bernstein RL,
ed. Pain Management and Regional Anesthesia in Trauma. London: WB
Saunders, 2000, p 362.

noted at the pubic symphysis and anterior superior iliac crest,
a line is drawn. This often follows the inguinal ligament. From
the most lateral aspect of this line, a second line is drawn down
roughly 2 cm. Here, local anesthetic is injected just at the skin,
an 18 G needle is used to dilate a path of a 22 G pencil-point
spinal needle, and this needle passes perpendicular to the skin
surface. Gently, two losses of resistance are felt. The fascia lata
is the first, the fascia iliaca is the second. This space should
be continuous with the femoral and lateral femoral cutaneous
nerves. After gentle aspiration, 40 mL of a low-concentration
local anesthetic are injected. Occasionally, spread may include
the obturator nerve sheath. We have found this block to be useful
in patients after knee and thigh surgery, and we incorporate it
regularly for elective knee and anterior cruciate ligament repairs
as well.

Ultrasound can be used to facilitate placement of a femoral
nerve block (see Chapter 32). The long axis of the ultrasound
probe is placed in the inguinal creases below the inguinal liga-
ment (Figures 16.11 and 16.12). The femoral nerve is visualized
adjacent to the femoral artery and vein. The fascial planes sur-
rounding the nerve and vessels can also be appreciated. The
needle is advanced toward the femoral nerve from lateral to
medial (in planar approach) and the local anesthetic can be
observed to surround the nerve.
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Figure 16.9. Sciatic nerve block, supine approach. The needle is inserted
between the ischial tuberosity and greater trochanter. The needle is
advanced parallel to the table while observing for twitches. From Bern-
stein RL, Rosenberg AD, Albert DB. Trauma patient with orthopedic
injuries. In Rosenberg AD, Grande CM, Bernstein RL, ed. Pain Manage-
ment and Regional Anesthesia in Trauma. London: WB Saunders, 2000,
p 366.

Figure 16.10. Fascia iliaca block. The block is performed in a location
between the femoral and the lateral femoral cutaneous nerve. See text for
details. From Rosenberg, Andrew AD. Current issues in the anesthetic
treatment of the patient for orthopedic surgery. ASA Annual Meeting
Refresher Course Lectures, Chicago, 214:1–6, 2006.

Figure 16.11. Femoral nerve block using ultrasound. The ultrasound
transducer is placed in the inguinal crease below the inguinal ligament in
a plane that is approximately perpendicular to the long axis of the femur.
From Rosenberg, Andrew AD. Current issues in the anesthetic treatment
of the patient for orthopedic surgery. ASA Annual Meeting Refresher
Course Lectures, Chicago, 214:1–6, 2006.

Figure 16.12. Femoral nerve block using ultrasound. The needle is
inserted from lateral to medial toward the femoral nerve (in plane
approach). When local anesthetic is injected, it can be seen to surround
the nerve. From Rosenberg, Andrew AD. Current issues in the anesthetic
treatment of the patient for orthopedic surgery. ASA Annual Meeting
Refresher Course Lectures, Chicago, 214:1–6, 2006.
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S U M M A RY

When considering the constant presence of accidental injury
and violence in society, it is necessary to instill a solid foundation
of knowledge regarding the types of trauma patients that one
may encounter, the scenarios that they may have been subject to,
and the severity of pain that they may experience, both pre- and
postoperatively. With each minute of a trauma resuscitation,
events take place and variables are altered. Each patient, their
preexisting morbidities, and mechanism of orthopedic injury
are different. As responsible clinicians, we must take any data
we are presented with in stride, focusing always on the primary
tenet of medical practice: first, do no harm.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Benefits of early fracture fixation include:

a. Increased pain
b. Increased pulmonary morbidity (ARDS)
c. Improved mobility and wound care
d. Increased incidence of sepsis
e. Increased fat embolism syndrome

2. Concerning risk factors for orthopedic trauma anesthesia

a. Elderly patients often sustain hip and femur fractures.
b. Patients may be intoxicated.
c. Patients may be obese.
d. Patients are often considered “full stomachs.”
e. All of the above

3. A morbidly obese patient has increased risk of:

a. Difficult identification of landmarks for IV access and
regional anesthesia

b. Obstructive sleep apnea
c. Potential for profound arterial oxygen desaturations dur-

ing apnea
d. Difficult airway
e. All of the above

4. Pelvic fractures:

a. Lateral compression and vertical shear fractures are
unlikely to cause significant blood loss.

b. External fixators are of value to decrease blood loss.
c. Arterial line placement is generally not indicated.
d. Angiography and embolization of pelvic vessels are of

limited value.
e. Chronic pain is unlikely to occur years later.

5. Autonomic hyperreflexia:

a. Occurs within 6–12 hours after high spinal cord injury
b. Occurs with stimulation above the lesion of injury
c. May cause tachycardia and hypertension
d. May cause bradycardia, flushing, and vasodilation
e. Does not occur with bladder distension (e.g., obstructed

urinary catheter)
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C A R D I A C A N D G R E AT V E S S E L T R AU M A

Naz Bige Aydin, Michael C. Moon, and Inderjit Gill

Objectives
■ Review the etiologies and consequences of cardiac and great vessel trauma.
■ Discuss the clinical presentation of cardiac and great vessel trauma.
■ Evaluate diagnostic strategies for cardiac and great vessel trauma.
■ Be familiar with decision making and techniques of emergency thoracotomy, a potentially

life-saving procedure.
■ Identify hemorrhage control methods for cardiac and great vessel trauma that an emergency

physician should be proficient with until a cardiovascular surgeon arrives.
■ Discuss the definitive treatment of cardiac and great vessel trauma.
■ Be familiar with the new applications of endovascular stenting techniques in aortic trauma.

S U M M A RY

Blunt and penetrating cardiac and great vessel trauma are asso-
ciated with potentially life-threatening injuries requiring a high
index of suspicion. Cardiac tamponade is often associated with
injury to the heart and may quickly lead to hemodynamic com-
promise, necessitating prompt diagnosis and intervention. The
aorta and great vessels are most commonly injured in a blunt
manner associated with multisystem trauma, often the result
of rapid deceleration. The majority of patients succumb to
this type of injury and do not survive to present at hospi-
tal. A high index of suspicion for cardiac and aortic injury
should be present in any patient involved in trauma to the chest,
and appropriate diagnostic measures should be taken once the
patient is stabilized.

I N T R O D U C T I O N T O C A R D I AC T R AU M A

The heart lies in the mediastinum between the two lungs and is
enclosed within the pericardium. When the outline of the heart
and pericardium are projected onto the anterior chest wall, the
origin of the great vessels lies on a line drawn from a point 1 cm
below the second left costosternal articulation to 1 cm above
the right third chondrosternal junction. The apex of the heart
is in the fifth intercostal space, 7.5 to 8 cm from the midline.

The surface of the heart exposed to the anterior chest wall
is formed 55 percent from the right ventricular wall, 20 percent
from the left ventricular wall, 10 percent from the right atrial

wall, 10 percent from the ascending aorta and pulmonary artery,
and 5 percent from the vena cavae.

Although the heart appears to be well protected by the bony
structures, in reality, it is highly vulnerable to injury. Missiles
and knives entering the thoracic cavity from any side have the
potential to injure the heart. Similarly, any decelerating or com-
pressive injury may result in trauma to the heart. The inci-
dence of traumatic injury to the heart is difficult to establish.
Many patients with cardiac injury succumb at the scene of the
injury. Aggressive resuscitation and rapid transport by trained
personnel enable more patients with potentially lethal cardiac
trauma to reach the hospital alive. The survival of these patients
is directly related to rapidity of diagnosis, which requires a high
index of suspicion and treatment of their injury.

E T I O L O G I E S O F C A R D I AC T R AU M A

Categorization of traumatic heart disease is based on the mecha-
nism of injury (Table 17.1). We will discuss the pathophysiologic
mechanisms, clinical features, and diagnostic and management
strategies of the most common patterns below.

Penetrating Cardiac Trauma

Penetrating trauma is the most common cause of significant
cardiac injury seen in hospital settings, with the predominant
injury being from guns and knives [1–3].

2 6 0
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Table 17.1: Etiology of Traumatic Heart Diseases

I. Penetrating
A. Stab wounds: knives, swords, ice picks, fence posts, wire,

sporting objects
B. Gunshot wounds: low to high caliber, handgun, rifles, nail

guns, lawnmower projectiles
C. Shotgun wounds: close range, distant

II. Blunt
A. Motor vehicle accident: seat belt, air bag
B. Vehicular-pedestrian accident
C. Falls from height
D. Crushing-industrial accident
E. Blasts: explosives, grenades
F. Assault (aggravated)
G. Sternal or rib fractures
H. Recreational: sporting events (bull goring), baseball

III. Iatrogenic
A. Catheter induced
B. Pericardiocentesis induced

IV. Metabolic
A. Traumatic response to injury
B. “Stunning”
C. Systemic inflammatory response syndrome (SIRS)

V. Others
A. Burn
B. Electrical
C. Factitious: needles, foreign bodies
D. Embolic: missiles

From Mattox KL, Estrera AL, Wall MJ. Traumatic heart disease. In Zipes DP,
Libby P, Bonow RO, Braunwald E, ed. Braunwald’s Heart Disease A
Textbook of Cardiovascular Medicine, 7th edition. Philadelphia, PA:
Elsevier Saunders, 2005, pp 1781–8.

Anatomy and Pathophysiology
Penetrating wounds of the heart are most frequently asso-

ciated with penetrating wounds to the precordium. However,
they may also occur in patients with wounds to the remainder
of thorax, lower neck, and upper abdomen.

These wounds may produce a variety of lesions including:
(1) penetrating wounds of the pericardium; (2) penetrating
wounds of the cardiac wall; (3) penetrating wounds of the
interventricular septum; (4) perforating or lacerating wounds
of the cardiac valves, chordae tendineae, or papillary muscles;
and (5) perforating or lacerating wounds of the coronary
vessels.

The right ventricle is the most frequently injured heart
chamber owing to its anterior anatomic location followed
closely by the left ventricle [1, 4].

Victims of gunshot wounds usually have more severe phys-
iologic impairment than those with stab wounds. Gunshot
wounds cause larger defects in the myocardium and peri-
cardium, through-and-through wounds, and a larger number
of injuries in other vital organs leading to hemorrhage and
exsanguination. Stab wounds are more likely to produce small

injuries that seal off during systole, leading to cardiac tampon-
ade [5].

Cardiac Tamponade
Cardiac tamponade results when sufficient pressure is

exerted on the heart by blood, fluid, or air accumulated in
the pericardial sac that interferes with its diastolic filling and
systolic output. As pericardial fluid accumulates, a decrease in
ventricular filling occurs, leading to a decrease in stroke volume
[6]. A compensatory rise in catecholamines leads to tachycardia
and increased right-sided heart-filling pressures. The limits of
distensibility are reached, and the septum shifts toward the left
side, further compromising left ventricular function. If this
cycle persists, ventricular function can continue to deteriorate,
leading to irreversible shock. As little as 60–100 mL of blood in
the pericardial sac can produce the clinical picture of tampo-
nade [7].

Clinical Features
The clinical presentation of penetrating injuries may vary

according to the rate of bleeding and size of defect the
injury creates in the pericardium. If the pericardium remains
sealed, the clinical presentation may be acute cardiac tampo-
nade.

The clinical manifestations of acute cardiac tamponade may
vary with the rate and volume of accumulation of blood in
the pericardial sac. Massive and rapid accumulation of blood
within the pericardium usually results in severe tamponade,
cardiac arrest, and sudden death. Patients with less rapid and
massive accumulation of blood may be restless, complaining
of air hunger, or they may be in shock. The skin may be cold
and moist, and the lips may be mildly cyanotic. The visible
superficial neck veins are distended and may have paradoxical
filling during inspiration (Kussmaul’s sign). The systolic blood
pressure is usually below normal and may decrease during inspi-
ration, 10 mmHg or more, with no significant decrease in heart
sounds (pulsus paradoxus). The pulse pressure is narrow, and
the pulse is rapid and hypodynamic. The venous pressure is ele-
vated, the heart sounds may be distant and muffled, and there
may or may not be a pericardial friction rub.

However, many of these clinical manifestations may not be
present in patients with acute traumatic cardiac tamponade.
In fact, the classic Beck’s triad of decreased arterial pressure,
muffled heart sounds, and elevated central venous pressure has
been observed in only about one-third [8] or two-thirds [9]
of the patients with traumatic cardiac tamponade, although
more than 90 percent of them have one of these signs [10].
Pulsus paradoxus, distention of the superficial neck veins, and
elevation of the central venous pressure can also be caused by
other conditions, such as tension pneumothorax, pulmonary
emphysema, or cardiac failure [11]. If the pericardial defect
caused by penetrating trauma is large and remains open, the
blood drains into the pleural space and produces hemothorax
and hemorrhagic shock [6].

The third clinical picture with which the patient may present
following a penetrating cardiac trauma is that of an intermit-
tently decompressing tamponade. In this case, intermittent
hemorrhage from the intrapericardial space occurs, decom-
pressing and partially relieving tamponade [6]. The clinical
picture may wax and wane depending on the intrapericar-
dial pressure and volume and total blood loss. In general, this
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Figure 17.1. Focused assessment with sonography for trauma (FAST).
From Mattox KL, Estrera AL, Wall MJ. Traumatic heart disease. In Zipes
DP, Libby P, Bonow RO, Braunwald E, ed. Braunwald’s Heart Disease
A Textbook Of Cardiovascular Medicine, 7th edition. Philadelphia, PA:
Elsevier Saunders, 2005, pp 1781–8.

condition is more compatible with a longer survival than are
the first two clinical presentations.

Diagnostic Strategies
Owing to the absence and/or lack of specificity of some

of the clinical manifestations of acute cardiac tamponade, its
diagnosis may be overlooked unless a high index of suspicion
is maintained.

Chest radiography is nonspecific, but it can identify
hemothorax or pneumothorax and demonstrate an enlarged
cardiac silhouette suggesting pericardial fluid. Other possi-
bly indicated examinations include ultrasonography, central
venous measurements, subxiphoid pericardial window, thora-
coscopy, and pericardiocentesis.

U LT R A S O N O G R A P H Y

Surgeons are increasingly performing ultrasonography for
thoracic trauma, paralleling the use of ultrasonography for
abdominal trauma. Focused assessment with sonography
for trauma (FAST) evaluates four anatomical windows for the
presence of intraabdominal or pericardial fluid (Figure 17.1)
[12]. FAST examination, if performed by a trained surgeon,
has a sensitivity of nearly 100 percent and a specificity of 97.3
percent [12]. Echocardiographic features of tamponade include
collapse of the thin, flexible right atrial free wall for greater than
one-third of systole, diastolic collapse of the right ventricle, infe-
rior vena cava plethora, and respiratory variations of left and
right ventricular diastolic filling (see Chapter 33). Transtho-
racic or transesophageal echocardiography may be useful in
identifying and characterizing valvular abnormalities and septal
defects.

S U B X I P H O I D P E R I C A R D I A L W I N D O W

Subxiphoid pericardial window has been performed both
in the emergency department and in the operating room with
the patient under either local or general anesthesia. Via sub-
xiphoid vertical incision, a small hole is made in the pericardium
to determine the presence of blood. The disadvantage of a sub-
xiphoid pericardial window is that it is an invasive procedure,
and if a major injury is found, a second thoracic incision is
required for definitive repair. Ultrasonographic evaluation has
almost eliminated the role of subxiphoid pericardial window in
the evaluation of cardiac trauma.

P E R I C A R D I O C E N T E S I S

In the setting of trauma, cardiac tamponade is acute and
caused by hemorrhage. Clot forms quickly and is not amenable
to needle drainage. Currently, many trauma surgeons discour-
age pericardiocentesis for acute trauma. Recurrence of tampon-
ade and subsequent increase in mortality, as well as a significant
incidence of false-negative results and potential for iatrogenic
injury, makes pericardiocentesis a less than optimal diagnostic
tool [13].

C E N T R A L V E N O U S P R E S S U R E M E A S U R E M E N T S

In the absence of immediate availability of ultrasonogra-
phy, the determination of central venous pressure (CVP) is the
best test for reinforcing the suspected diagnosis of acute trau-
matic cardiac tamponade. The combination of shock and an
elevated CVP in a patient with cardiac trauma should imme-
diately suggest cardiac tamponade. Other differential consid-
erations of these signs include tension pneumothorax, right
ventricular myocardial contusion, superior vena cava obstruc-
tion, ruptured tricuspid valve, or preexisting severe pulmonary
disease [14].

Management
Only a small subset of patients with significant cardiac

injury ever reaches the emergency department, and expedi-
tious transport to a designated trauma facility is essential for
survival. Transport times of less than five minutes and successful
endotracheal intubation are positive factors for survival.

I N I T I A L M A N AG E M E N T I N T H E

E M E R G E N C Y D E PA R T M E N T

On initial presentation to the emergency center, airway,
breathing, and circulation (ABCs) under Advanced Trauma Life
Support (ATLS) protocol are evaluated and established [15].
Two large-bore intravenous catheters are inserted, and blood
is typed and cross-matched. The patient is examined for signs
of symptoms of cardiac tamponade. The presence of a pneu-
mothorax or hemothorax, which is often associated with pene-
trating cardiac trauma, must be treated expeditiously with tube
thoracostomy [16]. Bedside echocardiography should be per-
formed as quickly as possible to establish the diagnosis of peri-
cardial effusion with tamponade physiology, which then man-
dates urgent surgical repair. Patients with penetrating cardiac
injury invariably require surgical repair. The location (operat-
ing room versus emergency department) and timing (immedi-
ate versus urgent) depends on the patient’s clinical status.



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-17 CUFX276-Smith-v2 May 12, 2008 17:32

C A R D I A C A N D G R E A T V E S S E L T R A U M A ■ 2 6 3

Table 17.2: Outcome of Emergency Department Thoracotomy

Condition Survival (%)

Cardiac arrest in field 0

Cardiac arrest in emergency department 30

Agonal in emergency department 40

Unresponsive shock in emergency department 50

From Brown J, Grover FL. Trauma to the heart. Chest Surg Clin N Am
1997;7:325.

D E C I S I O N M A K I N G F O R E M E R G E N C Y

D E PA R T M E N T T H O R AC O T O M Y

Emergency department thoracotomy is a drastic, dra-
matic, and potentially life-saving procedure in which emer-
gency physicians should be proficient. With thoracotomy, the
emergency physician seeks (1) to relieve any cardiac tamponade,
(2) to support cardiac function with direct cardiac compression
and/or cross-clamping of the aorta to improve coronary perfu-
sion, and (3) to perform internal defibrillation when indicated.
The emergency physician should have a systematic plan prior
to opening the chest. The decision should be based on a realis-
tic judgment that the patient has a chance of survival, but will
not tolerate any delay in operative intervention [17]. It is also
important to consider not performing thoracotomy for cases in
which there is virtually no chance of salvaging a neurologically
compromised patient.

Important information in formulating a decision to per-
form emergency department thoracotomy includes time of
injury, transport times to the emergency department, the time
that vital signs, cardiac electrical activity, or both ceased. Con-
sequently, guidelines have been established for performing tho-
racotomy to restrict the procedure to patients with some chance
of achieving a neurologically functional outcome (Table 17.2).
Patients with penetrating trauma with signs of life in the field,
even if only electrical activity on cardiac monitor or agonal
respirations, are candidates for emergency department thora-
cotomy if transport times are less than 10 minutes [18, 19].

For patients in cardiac arrest, tracheal intubation and dura-
tion of cardiopulmonary resuscitation (CPR) correlate with
survival following thoracotomy. The value of field intubation
has been shown to be dramatic; the average time of CPR tol-
erated by intubated survivors is double that of nonintubated
survivors [20]. A useful algorithmic overview of the approach
to chest trauma and emergency department thoracotomy is
shown in Figure 17.2.

A I RWAY C O N T R O L A N D A N E S T H E S I A F O R E M E R G E N C Y

D E PA R T M E N T T H O R AC O T O M Y

Prior to beginning thoracotomy, the patient’s trachea
should be intubated and the lungs manually ventilated. Selective
one-lung ventilation using a specialized double-lumen endo-
tracheal tube is an established technique in thoracic surgery,
but the availability of and experience with these devices is lim-
ited in the emergency room setting. The right lung often can
be selectively intubated by blindly advancing a single-lumen
endotracheal tube to a depth of 30 cm (measured at the corner

of mouth) in adult patients [21]. Comatose patients undergo-
ing resuscitation may regain consciousness during successful
thoracotomy, but the use of paralyzing agents may mask the
return of awareness. The clinician must be cognizant of this
phenomenon and administer adequate analgesic, amnestic, and
muscle-relaxing agents. Ideally, agents with minimal effects on
cardiovascular performance should be used.

S U R G I C A L T E C H N I Q U E S F O R E M E R G E N C Y

D E PA R T M E N T T H O R AC O T O M Y

A left anterolateral thoracotomy incision over the fifth rib
with dissection into the fourth intercostal space provides best
access to the heart and great vessels. An incision just beneath the
nipple in the male or along the inframammary fold in the female
will approximate the fourth intercostal space. It is important to
establish a wide exposure from the outset by extending the skin
incision past the posterior axillary line (Figure 17.3). Just before
opening the pleura, ventilation should be stopped momentarily
to prevent injury to the lung. Once the left pleural space is
entered, the lung is retracted to expose the descending aorta
and pericardium. The pericardium should be opened anterior
and parallel to the left phrenic nerve. When the site of the injury
cannot be reached, a transsternal extension into the right chest
is performed with a Liebsche knife or osteotome. This usually
requires ligation of both internal thoracic arteries.

H E M O R R H AG E C O N T R O L A N D S U R G I C A L

M A N AG E M E N T

Definitive treatment involves surgical exposure through a
thoracotomy (Figure 17.4A) or median sternotomy (Figure
17.4B). Cardiorrhaphy should be performed by experienced
surgeons.

Poor cardiorrhaphy technique can result in enlargement of
the lacerations or injury to the coronary arteries. If the ini-
tial treating physician is uncomfortable with the suturing tech-
nique, digital pressure can be applied until a more experienced
surgeon arrives. Other techniques that have been described
include the use of a Foley balloon catheter [22] (Figure 17.5)
and a skin stapler (Figure 17.6) [23, 24]. Alternatively, with large
wounds that cannot be palpably controlled, an incomplete hor-
izontal mattress suture should be placed on either side of the
wound (Figure 17.7) [25]. The free ends are then crossed to
stop the bleeding.

Wounds of the atria are initially managed with partial occlu-
sion (Figure 17.8). Because of the thin structure and instability
of the atrial wall, digital pressure will not effectively stop bleed-
ing. Suture techniques for penetrating cardiac injuries range
from simple interrupted sutures, with or without Teflon felt
pledgets, to simple running or mattress sutures [2, 26, 27]. On
a beating heart, cardiorrhaphy may be quite challenging to per-
form. Cardiopulmonary bypass with cardioplegic arrest can
be used, especially for multichamber injuries. Elective cardiac
arrest by using temporary ventricular fibrillation should be a
last resort for repair of difficult wounds [28].

We have reported the use of intravenous administration
of adenosine to cause temporary asystole to allow easy and
accurate placement of sutures for a left ventricular laceration
[29]. The usual dose of 6–12 mg of adenosine is sufficient to
achieve temporary asystole within 30 seconds of injection and
give the surgeon the time to do the repair on a motionless heart.
Owing to adenosine’s ultrashort half-life, the asystolic period
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Figure 17.2. An algorithmic approach to chest trauma. QRS, organized electrical activity on ECG; VFib, ven-
tricular fibrillation: (+) TAP + pericardial tap yielding blood; US, ultrasonography; CPR, cardiopulmonary
resuscitation; ED, emergency department; OR, operating room. From Boczar ME, Rivers E. Resuscitative thora-
cotomy. In Roberts JR, Hedges JR, ed. Clinical Procedures in Emergency Medicine, 4th edition. Philadelphia, PA:
Saunders, 2004, pp 336–35.

lasts for only a few seconds (15–20 seconds in our patient).
Cardiac stabilization devices have been reported to successfully
immobilize the site of injury in penetrating cardiac wounds
[30, 31] and for traumatic coronary injuries [32–34].

Management of the wounded heart that has spontaneously
arrested is controversial. Some clinicians have recommended a
rapid repair of ventricular wounds while the heart is arrested.
Others consider immediate cardiac massage and reversal of car-
diac arrest to be more important. Immediate cardiac massage
to maintain blood flow is probably the best approach. When
cardiac arrest occurs, physiologic reserves have been depleted,
and a delay for repair during arrest would only diminish the
chance of a successful resuscitation.

Wounds of the septa, valves, and coronary arteries require
definitive repair in the operating room. Hemorrhage from a
coronary artery can generally be controlled with digital pres-
sure. Ligation of a coronary artery should be avoided when
possible.

Blunt Cardiac Trauma

Anatomy and Pathophysiology
Nonpenetrating or blunt cardiac trauma has replaced the

term “cardiac contusion” and describes injury ranging from
minor bruises of the myocardium to cardiac rupture. It can be
caused by direct energy transfer to the heart or compression of
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Intercostal muscle

Rib

Blunt scissors

Forceps

Pericardium

Rib spreaders

Phronic nerve

A B

Figure 17.3. (A) When entering the pleural cavity, it is important to make the incision on top of the rib to avoid the intercostal vessels. Once a hole
has been made into the pleural space, the incision is widened with blunt scissors by cutting the intercostal muscles. Cessation of ventilation will
momentarily collapse the lung. (B) The incision must always be carried to the posterior axillary line to maximize exposure. The rib spreader should be
placed with the handle laterally. Because it is difficult to determine whether tamponade has occurred using visual inspection alone, the pericardium
must be opened definitively to determine whether tamponade is present. The pericardiotomy is started near the diaphragm and anterior to the phrenic
nerve, which is easily identified as a thick tendon-like structure. From Boczar ME, Rivers E. Resuscitative Thoracotomy. In Roberts JR, Hedges JR ed.
Clinical Procedures in Emergency Medicine, 4th edition. Philadelphia, PA: Saunders, 2004, pp 336–53.

A B

Figure 17.4. Incisions for cardiac injury (A) Left anterior thoracotomy (extension across the sternum if required).
(B) Median sternotomy (extension to the neck can be performed for exposure of great vessels). From Mattox KL,
Estrera AL, Wall MJ. Traumatic heart disease. In Zipes DP, Libby P, Bonow RO, Braunwald E, ed. Braunwald’s
Heart Disease A Textbook of Cardiovascular Medicine, 7th edition. Philadelphia, PA: Elsevier Saunders, 2005,
pp 1781–8.
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Figure 17.5. Serial illustration depicting hemostatic control by using a Foley catheter. Gentle traction of inflated
Foley catheter (20 Fr with a 30-mL balloon) will control hemorrhage and allow easy repair. The balloon is inflated
with saline, the catheter is clamped to prevent air embolism, and gentle traction is applied. This technique is
particularly useful with injuries of the inferior cavoatrial junction, with posterior wound, and during cardiac
massage. From Boczar ME, Rivers E. Resuscitative thoracotomy. In Roberts JR, Hedges JR, ed. Clinical Procedures
in Emergency Medicine, 4th edition. Philadelphia, PA: Saunders; 2004, pp 336–53.

Assistant 
approximates 

Laceration

Skin stapler with 
rotating head

Laceration

Figure 17.6. Technique of cardiac stapling to temporarily control hemorrhage. An assistant can approximate
tissues with fingertip pressure. A skin stapler with wide (6 mm) staples is used to place staples 5 mm apart.
This technique may be used for atrial and ventricular lacerations. After stabilization of the patient’s condition,
the repair is revised in the operating room. From Boczar ME, Rivers E. Resuscitative thoracotomy. In Roberts
JR, Hedges JR, ed. Clinical Procedures in Emergency Medicine, 4th edition. Philadelphia, PA: Saunders, 2004,
pp 336–53.
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Figure 17.7. Hemorrhage control using two widely placed incomplete
mattress sutures. An assistant then crosses the two “half-horizontal”
sutures to bring the wound edges into apposition. By controlling the
hemorrhage in this manner, the assistant’s hands are outside the opera-
tive field, fully exposing the wound edges. This facilitates a more orderly
closure of the wound. Following repair of the wound, the sutures may
either be removed or tied to each other. From Boczar ME, Rivers E. Resus-
citative thoracotomy. In Roberts JR, Hedges JR, ed. Clinical Procedures
in Emergency Medicine, 4th edition. Philadelphia, PA: Saunders, 2004,
336–53.

the heart between the sternum and vertebral column at the time
of the accident. Blunt cardiac trauma includes injuries sustained
during external cardiac massage as a part of cardiopulmonary
resuscitation, such as cardiac contusion and cardiac rup-
ture.

Blunt cardiac injury usually results from high-speed motor
vehicle accidents, in which the chest wall strikes against the
steering wheel. Other causes, such as falls from heights, crushing
injuries, blast injuries, and direct blows are less common.

Within this spectrum, blunt cardiac injuries can manifest
as free septal rupture, free wall rupture, coronary artery throm-
bosis, cardiac failure, complex arrhythmia, simple arrhythmia,
and/or rupture of chordae tendinae or papillary muscles [35].

Several mechanisms have been postulated by which the
heart may be injured in cases of nonpenetrating trauma. The
heart has relatively free movement in the anteroposterior direc-
tion within the chest; in cases of sudden deceleration, the heart
continues to move forward because of its momentum, strik-
ing the sternum with considerable force. The biomechanics of
cardiac rupture include [7]: direct transmission of increased
intrathoracic pressure to the chambers of the heart; hydraulic
effect from a large force applied to the abdominal or extremity
veins, causing force to be transmitted to the right atrium, result-
ing in rupture; decelerating force between fixed and mobile
areas, which explains, for example, the atriocaval tears [36].
Blunt rupture of the cardiac septum occurs most frequently
in late diastole or early systole near the apex of the heart [36].
Multiple ruptures and disruption of the conduction system have

Figure 17.8. Use of partial occluding clamp in different locations. From
Boczar ME, Rivers E. Resuscitative thoracotomy. In Roberts JR, Hedges
JR, ed. Clinical Procedures in Emergency Medicine, 4th edition. Philadel-
phia, PA: Saunders, 2004, 336–53.

been reported [37]. From autopsy data, blunt cardiac trauma
with ventricular rupture most often involves the left ventricle
[36].

Following blunt trauma, acute thrombus formation may
occur, especially in diseased, atheromatous vessels, and result in
coronary artery occlusion and myocardial infarction [14]. Blunt
pericardial rupture results from pericardial tears secondary to
intraabdominal pressure or lateral deceleration forces [37]. The
heart can be displaced into either the pleural cavity or even into
the peritoneum. Cardiac herniation with cardiac dysfunction
may occur in conjunction with these tears.

The most common cause of myocardial rupture due to
blunt trauma is high-speed motor vehicle accidents. Myocardial
ruptures due to blunt cardiac trauma are usually immediately
fatal. Delayed rupture of the heart also may occur weeks after
blunt trauma, probably as a result of necrosis of a contused or
infarcted area of the myocardium.

The immediate ability of the patient to survive cardiac rup-
ture depends on the integrity of the pericardium. Intact peri-
cardium or a small tear in the pericardium that is small enough
to seal itself may protect from immediate exsanguination. These
patients may survive for variable periods, but they eventually
develop significant hemopericardium and pericardial tampon-
ade.

Clinical Features
Blunt cardiac trauma presents clinically as a spectrum

of injuries of varying severity. Although most patients with
myocardial contusion have external signs of thoracic trauma
(e.g., contusion, abrasions, palpable crepitus, rib or sternum
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Table 17.3: Arrhythmias Associated with Blunt Cardiac Injury

Sinus tachycardia

Sinus bradycardia

First-degree atrioventricular block

Right bundle branch block with hemiblock

Third-degree block

Atrial fibrillation

Premature ventricular contractions

Ventricular tachycardia

Ventricular fibrillation

fractures, visible flail segments), absence of visible thoracic
lesions decreases the suspicion but does not exclude cardiac
injury. Other associated injuries may include pulmonary contu-
sion, pneumothorax, hemothorax, external fracture, and great
vessel injury [38].

In cases of blunt cardiac injury, conduction disturbances are
common (Table 17.3). Myocardial cell damage produces electri-
cal instability, which may result in a variety of supraventricular
or ventricular arrhythmias.

The clinical presentation of a patient who has sustained
a myocardial rupture is usually that of cardiac tamponade or
severe intrathoracic hemorrhage. The clinical signs and symp-
toms of cardiac tamponade are similar to those with penetrat-
ing cardiac injuries, as discussed previously. Initial inspection
may reveal little more than a bruised area over the sternum or
no external physical evidence at all. The following findings are
suggestive of a possible myocardial rupture:

1. Hypotension disproportionate to the suspected injury
2. Hypotension unresponsive to rapid fluid resuscitation
3. Massive hemothorax unresponsive to tube thoracos-

tomy and fluid resuscitation
4. Persistent metabolic acidosis
5. Presence of pericardial effusion on FAST or echocardio-

graphy, elevation of central venous pressure, and promi-
nent neck veins, with continued hypotension despite
fluid resuscitation

Diagnostic Strategies
Significant controversy exists regarding the importance of

establishing the diagnosis of blunt cardiac injury in otherwise
hemodynamically stable patients [39]. Most blunt myocardial
injuries probably do not cause significant complications. The
relative risk of a life-threatening dysrhythmia is far too low
to warrant routine admission in all patients with blunt chest
trauma. Yet no reliable diagnostic test exists to identify those
patients at greatest risk. Along with a high suspicion, utilizing
a combination of electrocardiogram, troponin, and echocar-
diography for appropriate patients may improve the diagnosis,

risk stratification, and disposition of patients sustaining blunt
cardiac injury [40].

E L E C T R O C A R D I O G R A M

In cases of blunt cardiac injury, conduction disturbances
(Table 17.3) are common, and thus, a screening 12-lead electro-
cardiogram (ECG) could be helpful for evaluation. The most
sensitive but least specific sign of blunt myocardial injury is
sinus tachycardia [36]. Other possible disturbances include T
wave and ST segment changes, as seen with myocardial bruis-
ing [36]. The presence of ECG abnormalities is neither specific
enough to confirm the diagnosis of myocardial trauma nor reli-
able enough to predict subsequent complications [14].

C A R D I AC E N Z Y M E S

Because myocardial contusion is characterized histologi-
cally by intramyocardial hemorrhage and necrosis of myocar-
dial muscle cells similar to acute myocardial infarction (MI),
cardiac enzymes were the first screening tools used to detect
myocardial injury. Creatine kinase (CK) is nonspecifically
increased in trauma patients as a result of associated skele-
tal muscle injury, and CK-MB levels have been found to be
falsely elevated and to be a nonspecific finding in multiple-
trauma patients. CK-MB levels are of limited utility to screen
for myocardial contusion and are no longer recommended
[41, 42].

Serum cardiac troponins, troponin I and troponin T, are
highly specific for myocardial injury. If troponin I or T con-
centrations are within normal ranges on initial evaluation, a
secondary measurement after 4–6 hours should be performed
to reliably exclude myocardial injury [40, 43–45].

E C H O C A R D I O G R A P H Y

Because contused myocardium resembles infarcted
myocardium histologically and functionally, two-dimensional
echocardiography is useful in diagnosing myocardial blunt
injury by evaluating wall motion abnormalities and identifying
associated lesions, such as thrombi, pericardial effusion, and
valvular disruption [46, 47].

Echocardiography should be considered in patients with
positive ECG findings, elevated troponin level, or unexplained
hypotension. If patients have painful chest wall injuries, trans-
esophageal echocardiography is an alternative [48, 49].

M A N AG E M E N T

As blunt cardiac trauma may present with a variety of clin-
ical syndromes, management depends on the specific case.

On admission, treatment of suspected myocardial contu-
sion should be similar to that of an MI: intravenous line, cardiac
monitoring, and administration of oxygen and analgesic agents.
Dysrrhythmias should be treated with appropriate medications
as per current advanced cardiac life support guidelines [50].

No data exist to support prophylactic pharmacologic agents
for dysrrhythmia prophylaxis. Measures should be taken to
treat and prevent conditions that increase myocardial irritability
such as metabolic acidosis and electrolyte imbalances. Although
general anesthesia is avoided in the setting of acute MI, no
complications have been reported in patients with suspected
myocardial contusions receiving general anesthesia for neces-
sary operations [51, 52]. In the setting of depressed cardiac
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output caused by myocardial contusion, careful fluid admin-
istration by monitoring filling pressures closely is advised.
Inotropic support may be required after optimal preload is
ensured. Intraaortic balloon counterpulsation may be consid-
ered in cases of refractory cardiogenic shock.

Treatment of patients with a myocardial rupture is very
similar to penetrating cardiac injuries and is directed toward
immediate decompression of cardiac tamponade and control
of hemorrhage. Emergency thoracotomy and pericardiotomy
may be required prior to transport to the operating room. After
emergency thoracotomy and pericardiotomy, the myocardial
rupture should be controlled until the patient can be trans-
ferred to the operating room for definitive repair. Temporary
control techniques of hemorrhage such as digital pressure, vas-
cular clamp, Foley insertion, sutures, and definitive repair are
similar to those for penetrating cardiac trauma.

Iatrogenic Cardiac Injury

Iatrogenic cardiac injury can occur with central venous line
insertion, cardiac catheterization procedures, and pericardio-
centesis. Common sites of injury include the superior atrial-
caval junction and the superior vena cava-innominate junc-
tion. These small perforations often lead to a compensated
cardiac tamponade. Drainage by pericardiocentesis is often
unsuccessful, and evacuation via subxiphoid pericardial win-
dow or full median sternotomy is required. The site of injury
may be sealed and difficult to find. Complications from coro-
nary artery catheterization including perforation or dissection
of the coronary arteries, cardiac perforation, and aortic dissec-
tion can be catastrophic and require emergent operation. Other
potential iatrogenic causes of cardiac injury include external
and internal cardiac massage, pericardiocentesis, and intracar-
diac injections [13].

Metabolic Cardiac Injury

Metabolic cardiac injury refers to cardiac dysfunction in
response to trauma and may be associated with injuries caused
by burns, electrical injury, sepsis, the systemic inflammatory
response syndrome, and multisystem trauma [53–55]. The
exact mechanism responsible for this dysfunction is unclear, but
responses to trauma induce a mediator storm, which is a release
of cytokines that may affect myocardium and clinically mani-
fest as conduction disturbances or decreased contractility lead-
ing to decreased cardiac output. Endotoxin, myocardial depres-
sant factor, tumor necrosis factor, interleukin-1, interleukin-6,
interleukin-10, catecholamines, cell-adhesion molecules, and
nitric oxide are all possible mediators [53, 56, 57]. Treatment of
metabolic cardiac injury has been supportive, with correction
of initiating insults.

Electrical Injury

Cardiac complications are most often the cause of death after
electrical injury, including lighting strikes. The cardiac com-
plications after electrical injury include immediate cardiac
arrest, acute myocardial necrosis with or without ventricular
failure, pseudoinfarction, myocardial ischemia, dysrhythmias,
conduction abnormalities, acute hypertension with peripheral

vasospasm, and asymptomatic, nonspecific abnormalities evi-
dent on an electrocardiogram. Damage from electrical injury
may be due to:

1. Direct effects on the excitable tissues
2. Heat generated from the current
3. Accompanying associated injuries such as falls, explo-

sions, or fire

Intracardiac Missiles

Intracardiac missiles are foreign bodies that are embedded in
the myocardium, retained in the trabeculations of the endocar-
dial surface, or free in a cardiac chamber or pericardium. These
may be the result of direct penetrating chest injury or injury to
a peripheral vascular structure with embolization to the heart.
Location and other considerations determine the type of com-
plications that can occur and the treatment required. Observa-
tion might be considered when the missile is (1) right sided,
(2) embedded completely in the wall, (3) contained within
a fibrous covering, (4) not contaminated, and (5) producing
no symptoms [37]. Right-sided missiles can embolize to the
lung, at which point they can be removed, or in rare cases,
they embolize “paradoxically” through a patent foramen ovale
or atrial septal defect [58]. Left-sided missiles can manifest as
systemic embolization shortly after the initial injury. Diagno-
sis may be done with radiographs in two projections, fluo-
roscopy, echocardiography, or angiography [36]. Removal is
recommended for missiles that are left-sided, larger than 1–2
cm, rough in shape, or produce symptoms [58].

Although surgery with or without cardiopulmonary bypass
has been advocated in the past, a large percentage of right-
sided foreign bodies are currently removed by interventional
radiologic methods.

I N T R O D U C T I O N T O G R E AT
V E S S E L T R AU M A

Blunt aortic injury, either aortic transection or acute rupture,
is one of the leading causes of posttraumatic death with the
majority of the patients dying before presenting to the hospital.
Patients that survive to present at the hospital, remain with a
poor prognosis, with mortality rates at 6 hours and 24 hours of
30 percent and 50 percent, respectively [59]. As a result, these
patients have traditionally been managed with rapid open sur-
gical intervention once the diagnosis of aortic injury has been
confirmed [60, 61]. More recently, it has been recommended
to delay surgical intervention to permit the management and
stabilization of any associated injuries with the goal to reduce
the mortality rate associated with emergent repair of an aortic
injury [59, 62, 63].

Anatomy and Pathophysiology

The classic mechanism of aortic injury in trauma is associated
with a rapid deceleration and stress located at the aortic isth-
mus, which is the junction between the relatively fixed descend-
ing aorta and relatively mobile aortic arch. The most common
site of injury is the aortic isthmus (36–54%), followed by the
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Table 17.4: Physical Signs and Symptoms of Aortic Injury

Physical Signs
Hemodynamic instability
Fractures
Sternum
First rib, multiple rib fractures
Clavicular
Unequal upper-limb blood pressures
Paraplegia and paraparesis

Symptoms
Dyspnea
Back pain
Voice hoarseness

aortic arch (8–18%) and descending thoracic aorta (11–21%)
[64–66]. The injury to the aorta most commonly involves all
three layers of the aorta, with complete disruption between the
edges [65]. Incomplete or partial disruption of the aorta may
also occur and, in some cases, may result in focal dissection or
the development of an intramural hematoma [65, 66]. The high
mortality associated with this injury is a result of frank exsan-
guination associated with complete aortic disruption, [59] but
the strength of the adventitia may permit those patients with
incomplete transection to survive to present to hospital [67]. It
should also be noted that, in addition to aortic disruption, blunt
trauma may result in trauma to the brachiocephalic vessels,
most commonly involving the base of the innominate artery
[68]. Following trauma, in addition to aortic injury, patients
often suffer other multiple associated injuries that contribute
to their morbidity and mortality and complicate their surgical
management. Spinal cord perfusion is a critical aspect due to the
incidence of paraplegia following both open and endovascular
management.

Clinical Features

Aortic rupture is an entity that requires a high index of suspi-
cion in any trauma patient, and the incidence increases in the
presence of multitrauma injuries [69]. Unfortunately, less than
half of the cases present with specific signs or symptoms of an
aortic injury, and the presentation may be insidious [70, 71].
Thus, identifying the mechanism and severity of the trauma is
critical in making the diagnosis of aortic injury, and in any case
of high-speed injury, rapid deceleration, falls, or blast injuries,
one should suspect the possibility of aortic rupture. Physical
signs and symptoms that should raise the specter of an aor-
tic injury should include hemodynamic instability, fractures
involving the upper thorax, unequal upper limb blood pres-
sure, paraplegia or paraparesis, dyspnea, and hoarseness (Table
17.4).

Injuries to the brachiocephalic vessels, unlike aortic disrup-
tion, are usually less commonly associated with frank bleeding
and hemorrhagic shock because the hematoma is usually con-
tained within the upper mediastinum. Clinical suspicion of a
brachiocephalic injury should be considered in patients with
widening of the upper mediastinum and discrepancies in upper

Table 17.5: Radiographic Evidence Suggestive of Aortic Injury

Widened mediastinum >8.0 cm

Mediastinum:chest ratio >0.25

Opacification of aortopulmonary window

Irregular aortic knob

Blurred aortic contour

Deviation of nasogastric tube

Tracheal deviation to patient’s right

Pulmonary contusion

Widened left paraspinal line

Left apical cap

Other rib fractures

Thoracic spine fracture

Depressed left main bronchus

First rib fracture

Clavicular fracture

limb blood pressures, both of which are also seen in the setting
of aortic disruption.

Diagnostic Strategies
In the initial diagnostic assessment of a trauma patient, it

is not uncommon to perform computed tomography (CT) to
rule out suspected head injuries and intraabdominal pathol-
ogy. However, the indication for examining the thoracic aorta
should be guided on a detailed clinical history and initial assess-
ment of the chest radiograph. Although the chest radiograph
is not a reliable screening test for aortic injury, [72, 73] radio-
graphic abnormalities are noted in the majority of chest radio-
graphs in the setting of aortic injury (Table 17.5). In any patient
suspected of having an aortic injury, CT scanning of the chest
should be obtained, often in conjunction with CT scanning
of other regions of the body. The diagnosis of acute thoracic
aortic pathology is now most commonly made with CT [74–
76] (Figure 17.9). Continued improvements in CT technology
with helical and multirow detector CT, and multiplanar re-
formation and volume rendering techniques have resulted in
CT being the definitive screening test for major thoracic vas-
cular injury [74, 77–79]. It is important to examine both the
contrast enhanced and noncontrast enhanced CT scans to maxi-
mize the ability to identify the aortic pathology, including aortic
dissection and intramural hematoma [80]. Findings suggestive
of aortic disruption include wall thickening, filling defects, aor-
tic hematoma (para-aortic and intramural), intimal flaps, and
extravasation of contrast [74, 75, 77]. In addition to identify-
ing the aortic pathology, CT imaging is crucial to determining
the suitability of an endovascular repair; procedural planning
(examining proximal and distal landing zones, access vessels),
and device sizing. Injuries to the brachiocephalic vessels will
also be identified with CT imaging, although some authors
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Figure 17.9. Traumatic disruption of the aorta. (A) Axial image of a chest
CT that demonstrates posttraumatic aortic wall disruption (arrow) in a
young patient with a normal aorta. (B) Multiplanar reconstruction view in
the same patient demonstrates the bulging of the aorta (black arrow) just
distal to the left subclavian artery (white arrow). (C) Volumetric three-
dimensional reconstruction of the same CT scan demonstrates the aortic
transection just distal to the origin of the left subclavian artery. The heart
and pulmonary artery have been removed to facilitate visualization of the
aortic arch and descending thoracic aorta.

recommend angiography as a means of ruling out great vessel
injury [68].

Aortography is less commonly performed due to the
advances and the lesser amount of invasiveness of CT imag-
ing, although historically it was considered the gold standard
in identifying aortic pathology [75, 76], and with experienced
operators, it can yield sensitivity and specificity rates approach-
ing 100 percent [81]. The role of transesophageal echocardio-
graphy in the diagnosis of traumatic aortic rupture has been
established [82, 83]. However, theoretical concerns do exist with
this semi-invasive procedure that can cause changes in blood
pressure and potentially exacerbate a clinical condition most
commonly lethal due to exsanguination. Table 17.6 shows the

sensitivity and specificity of diagnostic modalities in diagnosing
aortic injury.

Management

Initial Management
The majority of patients presenting with aortic trauma

have associated trauma-related injuries, and appropriate ATLS-
guided assessment is mandatory in all patients [60, 69]. This
includes both primary and secondary surveys, which focus on
airway, breathing, and circulation, and the ordering of a chest
x-ray, appropriate blood work, and arterial blood gas. As in the
management of standard trauma patients, physicians should
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Table 17.6: Sensitivity and Specificity of Various Modalities in
Diagnosing Aortic Transection

Sensitivity Specificity
(%) (%)

Contrast enhanced CT [17, 18, 46, 47] 100 100

Transesophageal echocardiography
[48–50]

63–100 84–100

Aortography [24] 100 100

CT, computed tomography.

focus on hemodynamic stabilization and controlled ventilation.
The rapid identification of life-threatening conditions mandat-
ing intervention with chest tube thoracostomy, tracheostomy,
and, in some cases, thoracotomy or laparotomy to deal with life-
threatening injuries precedes the ordering of time-consuming
diagnostic tests. As well, the identification of any head injuries,
seen in 51 percent of cases [69], or cardiac arrest and interven-
tion to resuscitate and stabilize these patients maintains priority.

Preoperative management should include a head CT in any
patient suspected of a closed or open head injury to rule out
any intracranial injury requiring surgical relief in patients that
are clearly not exsanguinating. In hemodynamically unstable
patients, prompt institution of surgical intervention to con-
trol exsanguination is recommended, and intraoperative trans-
esophageal echocardiography may be used to facilitate the iden-
tification of aortic injury (see Chapter 33).

Open Surgery

Open surgery is considered the traditional management for
blunt thoracic aortic injury. Surgical management is aimed at
correcting the aortic disruption and is either performed with
or without (“clamp and sew”) the use of lower body perfu-
sion. Proponents of adjunctive perfusion techniques cite added
spinal cord and visceral perfusion during the period the aorta is
cross-clamped; however, regardless of the technique used, rates
of paraplegia hover between 0 and 10 percent [59, 62, 63, 84–86].
The ability to selectively ventilate the right lung (when unin-
jured) via either selective right bronchial intubation or with a
double-lumen endotracheal tube will facilitate surgical expo-
sure. Surgical access is gained with the patient positioned in the
right lateral decubitus position, ensuring access to the left groin
for possible access to the femoral vessels for the use of partial
left heart bypass. A standard fourth interspace posterolateral
thoracotomy is done. The incision should be large enough to
facilitate exposure of the thoracic aorta below the level of dis-
ruption, and of the aortic arch between the left common carotid
and left subclavian arteries. Manipulation or dissection of the
isthmus or tear must be avoided until vascular access proximal
and distal to the aorta is established. Depending on the stability
of the patient, the decision to establish partial left heart bypass
may be performed prior to exposure of the aorta. Once the
injured aorta is identified an interposition graft is sutured into
place, thus restoring aortic continuity. Contemporary series of
emergent surgical repair of blunt aortic injury report mortality
rates in the 15–30 percent range [59–61, 66]. Complicating the

surgical repair of this traumatic injury is the frequently asso-
ciated pulmonary injuries, as well as potential injury involving
the abdominal organs and brain. Postoperative morbidity after
successful surgical repair is further complicated by the asso-
ciated injuries that often prolong stays in intensive care, with
expectant delayed convalescence.

Surgical management of an injury involving the brachio-
cephalic vessels is best managed via a standard median ster-
notomy, allowing access to the ascending aorta and arch vessels.
Standard vascular techniques of obtaining proximal and dis-
tal vascular control prior to entry into the injured area apply.
The incision may be extended into the right neck to provide
additional exposure to the innominate artery, with appropri-
ate adjunctive supportive measures or monitoring techniques,
including cardiopulmonary bypass, cerebral protection, and
selective carotid shunting [68]. Healthy young individuals may
tolerate standard clamping and sewing of an interposition graft
without any adverse sequelae [87]. Long-term patency rates of
these interposition grafts such as an aortoinnominate artery
bypass approach 96 percent at 10 years [88].

B LU N T T H O R AC I C AO R T I C I N J U RY

Clamp-and-Sew

This technique of repair offers only the advantage of being the
simplest method and does not require knowledge or experience
with extracorporeal perfusion, or cannulation of the heart or
great vessels. As well, in hemodynamically unstable patients
who are not candidates for vascular cannulation for partial
bypass because of instability, cross-clamping of the aorta may
be necessary to avoid rapid exsanguination. Repair of an aor-
tic transection may be performed in this setting with low rates
of paraplegia when associated with aortic cross-clamp times of
less than 30 minutes [68, 88]. The average duration of cross-
clamping, however, has been reported as high as 41 minutes
[84]. Factors contributing to prolonged periods of aortic cross-
clamping will include fragility and friability of the aorta, and
extensive hematoma complicating identification of anatomic
structures. In patients with aortic tears involving the distal arch
or subclavian artery, clamping proximal to the subclavian artery
may be associated with an increased incidence of spinal cord
ischemia in the absence of a distal perfusion strategy.

Lower-Body Perfusion

The goal of lower-body perfusion is to provide perfusion at a
mean pressure of 60–70 mmHg to the body distal to the aor-
tic clamp, minimizing risk of spinal cord and visceral ischemia.
Blood may be shunted either from the left heart or from the right
heart; oxygenated or deoxygenated, respectively. Concerns of
lower-body perfusion are based on the need for extracorporeal
circuits and the need for anticoagulation, which may be con-
traindicated in cases of closed-head or lung injury. The deci-
sion to use systemic heparinization will influence the method
of lower-body perfusion. The use of heparin-bonded tubing
and a Bio-Medicus pump (Medtronic, Minneapolis, MN) may
allow the avoidance of systemic heparinization [90]. Partial left
heart bypass involves actively shunting oxygenated blood from
the left atrium to the lower body, with return through either
the distal thoracic aorta or femoral artery. It permits control
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Table 17.7: Classification of Endoleaks

Type I Endoleak originating from either the proximal (Type
Ia) or distal (Type Ib) end of the stent graft

Type II Retrograde flow into the area of exclusion via side
branches, i.e., intercostal arteries, inferior mesenteric
artery, or lumbar arteries.

Type III Endoleak due to graft defect, or between stent graft
components.

Type IV Endoleak due to graft porosity

of blood pressure proximal to the aortic clamp during clamp-
ing and perfusion of the lower body, and it facilitates volume
manipulation. Although this technique does not aid in oxy-
genation because there is no oxygenator in the circuit, it does
permit lower levels of heparinization.

Right atrial to femoral artery bypass shunts deoxygenated
blood from the right atrium to the femoral artery. This type of
circuit may involve the use of an oxygenator, heat exchanger,
and systemic heparinization, and it may provide complete car-
diopulmonary support if required. This technique becomes
useful if the proximal anastomoses must be performed under
deep hypothermic circulatory arrest due to involvement of the
aortic arch.

Thoracic Endovascular Repair

Recent advances in endovascular techniques and devices have
demonstrated the success of endovascular aortic repair for
the management of ruptured abdominal aortic aneurysms. As
well, the experience gained from endovascular aortic repair has
allowed the successful treatment of aortic pathology involving
the distal aortic arch and thoracic aorta; including aneurysms,
dissection, pseudoaneurysms, and traumatic rupture [91–96].
Specifically, the ability to treat blunt aortic rupture has been
described with excellent mid-term results and acceptable rates
of morbidity and mortality [97–99]. Potential benefits of an
endovascular approach to blunt thoracic aortic disruption
include the option to perform this procedure under local
anesthesia in selected patients, thus minimizing cardiovascu-
lar stress. Open surgical repair, in contrast, subjects the patient
to a thoracotomy, single-lung ventilation, aortic cross-clamping
and associated hemodynamic derangements, and extracorpo-
real circulation. Avoidance of a thoracotomy minimizes post-
operative pain and associated respiratory compromise, and it
offers a benefit to the patient who is often suffering from mul-
tiorgan trauma. Endovascular exclusion of an aortic disruption
obviates the need for aortic clamping, reduces blood pressure
shifts and operative blood loss, and minimizes the ischemic time
of the visceral organs. Additionally, the requirement for antico-
agulation is minimal, and this may be desirable in a patient with
associated intracranial and abdominal injuries. A disadvantage
of endovascular repair may be the potential complication of
an endoleak following exclusion of the aortic disruption [100,
101]. Table 17.7 shows the classification of endoleaks. Long-
term outcome data do not yet exist for the durability of this
type of repair.

Similar to endovascular repair of infrarenal aortic aneu-
rysms, adequate proximal and distal landing zones must be
present for fixation of the stent graft in the thoracic aorta.
Appropriate CT imaging must be performed along with careful
postimaging analysis to ensure that the anatomy is appropriate
for an endovascular repair. Analysis is not limited to the area
of the injured aorta, but must also include an assessment of the
access vessels. Patients with access vessels of inadequate size,
significant calcification, or tortuosity may require the creation
of an iliac conduit or distal aortic conduit to permit delivery of
the stent graft.

The proximal landing zone is of great importance to ensure
adequate fixation of the stent graft and to reduce the risk of a
Type I endoleak. Failure of any of the aforementioned objections
may allow for continued leakage and exsanguination, result-
ing in unsuccessful treatment. Although a different pathologic
process, experience with endovascular repair of thoracic aortic
dissections demonstrated an incidence of Type I endoleak of
17.4 percent and was attributed to an inadequate seal at the
proximal landing zone [102]. This highlights one of the techni-
cal challenges of dealing with an inherently tortuous part of the
aorta, and the issues of adequate seal despite occluding the sub-
clavian artery orifice in an attempt to gain more length. Given
that the majority of the traumatic aortic disruptions are in close
proximity to the left subclavian artery, consideration must often
be given to subclavian artery coverage. The absence of marked
adverse events following left subclavian artery coverage without
extraanatomic revascularization has been advocated, although
minor symptoms may develop in 68–79 percent of patients
during the follow-up period [102, 103]. It should be noted
that in one series with persistent vertebral steal, patients were
clinically asymptomatic in three of four cases. These patients,
however, had a patent contralateral vertebral artery. The asymp-
tomatic nature of these patients is in keeping with the obser-
vation that during a prestenting balloon test occlusion for 30
minutes, these patients remained asymptomatic [103]. In the
few reported series mild symptoms were noted but no patients
required surgical intervention. Many clinicians feel that a verte-
bral steal will increase the paraplegia risk and prophylactically
perform carotid to subclavian artery bypass grafts in the elective
circumstance [104, 105], but this option is not possible in the
emergent setting. A unique situation exists in the patient who
has had the left internal thoracic artery utilized as a coronary
bypass graft, where coverage of the left subclavian artery orifice
may lead to significant myocardial ischemia. In this circum-
stance, extraanatomic bypassing should precede endovascular
coverage if possible.

Results of thoracic endovascular repair of traumatic aortic
disruption are limited, although excellent technical success and
low mortality and morbidity rates have been reported [99–103]
(Figure 17.10). The incidence of paraplegia following stent graft
repair approaches zero, which is in stark contrast to the inci-
dence following open repair, which has been reported as being
as high as 18 percent [69]. Postulated reasons for this difference
may be the avoidance of aortic clamping and decreased varia-
tions in blood pressure or hemodynamic instability associated
with endovascular repair.

It should be emphasized that a specific device does not
exist for the use of treatment of traumatic aortic injury, and
that all studies have been conducted with the stent grafts being
utilized in an off-label manner. The only currently approved
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Figure 17.10. (A) Axial CT scan in the same patient as in Figure 17.9
following endovascular stent graft placement (arrow) that demon-
strates exclusion of the transected portion of the thoracic aorta with
no evidence of extravasation of contrast. (B) Multiplanar reconstruc-
tion in the same patient showing the stent graft placed in the proximal
descending thoracic aorta just distal to the origin of the left subclavian
artery. Note contrast filling of the left subclavian artery demonstrating
patency. (C) Volumetric three-dimensional reconstruction of the post-
procedure CT scan demonstrating a thoracic stent graft in situ with
successful exclusion of the aortic transection.

thoracic stent graft device is the Gore Thoracic Aortic Graft
(Gore, Flagstaff, AZ), which is indicated for the treatment of
aneurysmal disease. As such, the available device sizes may be
too large for the treatment of traumatic aortic disruption, which
often occurs in younger patients with aortas of normal caliber.
Significant oversizing in a relatively small aorta may lead to
suboptimal deployment and inadequate fixation, both of which
may contribute to device migration and endoleak.

Current studies are limited in number and follow-up. How-
ever, the reported cases of endovascular management of trau-
matic aortic injury are very encouraging, providing excellent

technical success, low mortality rates, and a very low incidence
of spinal cord injury. The technical expertise and knowledge
required to successfully treat this entity in an endovascular
manner requires a team that possesses the appropriate knowl-
edge of endovascular skills and proper imaging equipment.
A combined team involving an interventionalist and cardio-
thoracic surgeon must work together to offer this therapy to
select patients with the appropriate thoracic, aortic, and access
anatomy. Ultimately, careful long-term follow-up in patients’
undergoing endovascular repair of aortic trauma is necessary
to prove the long-term efficacy of this treatment modality.
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M U LT I P L E C H O I C E Q U E S T I O N S

1. Which cardiac chamber is more exposed to the anterior
chest wall?

a. Right ventricle
b. Left ventricle
c. Right atrium
d. Left atrium
e. Aorta

2. Which of the following cardiac structures may be injured
in penetrating cardiac trauma?

a. Pericardium
b. Coronary arteries
c. Cardiac valves
d. Interventricular septum
e. All of the above

3. Which of the following clinical signs is not seen in cardiac
tamponade?

a. Normal or low blood pressure
b. Elevation of central venous pressure
c. Pulse pressure may be narrow
d. The visible superficial neck veins may be distended and

have paradoxical filling during inspiration
e. All of the above may be clinical signs of cardiac tampon-

ade.

4. Goals of emergency department thoracotomy include:

a. Relieve cardiac tamponade
b. Potential cross-clamping of the aorta to improve coro-

nary perfusion
c. Permit direct cardiac massage
d. Internal cardiac defibrillation
e. All of the above

5. Which of the following therapeutic measures should be per-
formed first when considering an emergency department
thoracotomy?

a. Rapid infusion of packed red blood cells
b. Chest compressions
c. Stabilization of the airway
d. Skin incision
e. Insertion of two large-bore intravenous lines

6. Which of the following signs is NOT suggestive of blunt
cardiac injury?

a. Hypotension disproportionate to the suspected injury
b. Massive hemothorax unresponsive to tube thoracostomy

and fluid resuscitation
c. Persistent metabolic acidosis
d. Presence of pericardial effusion on FAST or echocardio-

graphy, elevation of central venous pressure, and promi-
nent neck veins with continuing hypotension despite
fluid resuscitation

e. All of the above may be suggestive of a blunt cardiac
injury

7. What region of the aorta is most commonly involved in
blunt aortic injury?

a. Ascending aorta
b. Aortic arch
c. Isthmus of the aorta
d. Abdominal aorta
e. Descending thoracic aorta just above the diaphragm

8. Open surgical repair of a blunt aortic injury is most com-
monly performed via which of the following incisions?

a. Midline laparotomy
b. Sternotomy
c. Right thoracotomy
d. Left thoracotomy
e. Clam-shell incision

9. Thoracic endovascular aortic repair is a therapeutic option
for the management of a blunt aortic injury. Which of the
following is a contraindication to this technique?

a. Adequate vascular access
b. Insufficient landing zones to deploy the stent graft
c. Associated organ injury
d. Hypotension
e. None of the above is a contraindication

10. Which of the following is the most sensitive and specific
method for diagnosis of cardiac tamponade in acute cardiac
trauma?

a. Central venous pressure measurements
b. Ultrasonography
c. Subxiphoid pericardial window
d. Pericardiocentesis
e. None of the above

A N S W E R S

1. a
2. e
3. e
4. e

5. c
6. e
7. c

8. d
9. b

10. b
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A N E S T H E S I A C O N S I D E R AT I O N S F O R

C A R D I O T H O R A C I C T R AU M A

Mark A. Gerhardt and Glenn P. Gravlee

Objectives
1. Understand the pathophysiology and treatment of trauma to the heart and great vessels.
2. Understand the pathology and treatment of trauma to the lungs and thoracic wall.
3. Understand trauma to the larynx, trachea, and bronchial tree.
4. Understand the anesthetic implications of all of the above pathologies.

I N T R O D U C T I O N

Trauma is one of the leading causes of death in the world.
Thoracic trauma, particularly to the heart or great vessels,
accounts for 20–25 percent of the trauma mortality. Although
most significant injuries to the cardiac or great vessel struc-
tures are immediately fatal, some very common traumatic
clinical scenarios can result in excellent outcomes with appro-
priate diagnosis and rapid institution of treatment [1]. Hypo-
volemia has been implicated as a primary factor in traumatic
fatalities, [1] a clinical problem that is integral to an anesthe-
siologist’s resuscitative attempts. When compared with out-of-
hospital cardiopulmonary arrest, survival following traumatic
cardiopulmonary arrest may be similar [1] and reversible prob-
lems should be considered. It is imperative that anesthesiolo-
gists understand trauma of the heart and great vessels so that
appropriate and expeditious care can be provided. Supplemen-
tal material can be accessed via the Internet at the Web sites
shown in Table 18.1 (see also Chapter 17).

C A R D I O T H O R AC I C A N AT O M Y

The thorax contains vital organs and vasculature that are pro-
tected by the bone structure of the vertebral column, sternum,
and ribs. Inferiorly the thorax is demarcated by the diaphragm,
whereas the structures of the neck and lung apices are found
superiorly. The primary organs within the thorax are the heart,
the lungs, the great vessels, and the esophagus. Significant injury
to the heart, lungs, or great vessels can be rapidly fatal. Some
structures have fibrous anchor points that limit the mobility of
the mediastinal structures. These regions are clinically relevant,

because shear forces during blunt trauma (especially decelera-
tion injuries) are more likely to result in avulsions or disruption
at the anchor points (Figure 18.1). The heart is immobile at the
junction of the vena cava with the right atrium, the posterior
left atrial wall where the four pulmonary veins enter, and the
aortic valve annulus. The proximal descending thoracic aorta is
fixed at the ligamentum arteriosum just distal to the subclavian
artery and represents the typical site of injury in traumatic aor-
tic dissection. Additionally, the thoracic aorta is immobilized
by the diaphragmatic hiatus as it exits the thorax and at the
aortic valve annulus.

The great vessels consist of the aorta, pulmonary arter-
ies, pulmonary veins, vena cava, and their major intrathoracic
branches. The great vessels occupy a central mediastinal loca-
tion and connect with the base of the heart. The apex of the heart
lies in the left thoracic cavity. The heart is contained within the
pericardium, a tough fibrous sack that limits cardiac motion.
Rapid accumulation of fluid, particularly following penetrating
cardiac trauma or aortic dissection, in the pericardial space can
result in cardiac tamponade and hypotension.

The surface anatomy of the heart has important relation-
ships with respect to trauma. Trauma mechanisms that have
an impact on the anterior chest create risk for anterior cardiac
structures, particularly penetrating wounds. The right heart
comprises the majority of the anterior presentation of the heart.
The right atrium (RA) is superior and the right ventricle (RV)
lies inferiorly. Together, the RA and RV form a crescent that
wraps around the ellipsoidal left ventricle (LV). The left ante-
rior descending coronary artery (LAD) courses over the ven-
tricular septum that separates the LV and RV. A portion of the
LV inferiorly is at risk for trauma originating anteriorly.

2 7 9
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Table 18.1: Trauma Web sites

www.acls.net

www.americanheart.org

www.asahg.org

www.bt.cdc.gov

www.itaccs.com

www.sccm.org

www.trauma.org

C A R D I AC T R AU M A

Trauma, including to the heart and great vessels, can be divided
into blunt and penetrating trauma. Blunt trauma is produced
by three mechanisms: deceleration, direct energy transfer, and
compression [2]. Rapid deceleration results in shear forces on
the heart and great vessels. Depending on the force vector and
body positioning during deceleration, various injuries result.
In this chapter we explicitly use the term aortic transection,
which results from blunt trauma; other authors have termed
this aortic dissection or aortic rupture. Aortic transection at

Traumatic occlusion of
the subclavian artery

Rupture of the
aortic isthmus

Avulsion of the
innominate artery

Tear of the aortic valve
(avulsion of a commissure)

Contusion of the
right ventricle

Tear of a cardiac cavity
(left atrial appendage, left ventricle)

Figure 18.1. Commonly encountered injuries to the heart and great vessels in patients with blunt cardiac trauma.
From Pretre R, Chilcott M. Blunt trauma to the heart and great vessels. N Engl J Med 1997;336(9):628.

the attachment of the ligamentum arteriosum is the most com-
mon deceleration injury. Direct energy transfer occurs during
impact of the thorax. The classic example is the steering wheel
impacting the anterior chest during a motor vehicle accident
(MVA). Resultant injuries depend on the force of impact. The
majority of blunt chest trauma results in “myocardial contu-
sion” and is discussed below. Compression can occur when an
external force traps and crushes the heart between the ster-
num and thoracic spine. This mechanism may be concomitant
with direct energy transfer and both may be responsible for
injury. Chest compressions during cardiopulmonary resusci-
tation (CPR) are an iatrogenic cause of blunt cardiac trauma
that may produce injury. Penetrating cardiac trauma is further
subdivided into low-velocity and high-velocity injuries. Stab
wounds are the prototypical low-velocity wound, whereas many
gunshot wounds (GSWs) are high-velocity wounds. High-
velocity wounds transfer significant energy to surrounding
tissue, often resulting in more tissue destruction than that
produced by the projectile’s specific pathway.

Blunt Cardiac Trauma (Myocardial Contusion)

Myocardial contusion (also called cardiac contusion) is a com-
mon diagnosis in patients with a history of blunt chest trauma.
Considerable controversy exists about the diagnostic criteria
and clinical significance of myocardial contusion (Table 18.2).
A diagnosis of blunt cardiac trauma consistent with myocardial
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Table 18.2: Clinical Manifestations of Myocardial Contusion

Dysrhythmias, bundle branch block

Decreased cardiac function, wall motion abnormalities

Elevated myocardial enzymes

Right heart failure

contusion is typically made from a history of chest trauma along
with abnormalities in the electrocardiogram (ECG), cardiac
enzymes, and/or echocardiography. However, the possibility of
myocardial contusion is not ruled out even with normal results
from these cardiac evaluations. Furthermore the majority of
patients diagnosed with cardiac contusions have unremarkable
recovery from a cardiac standpoint. Although some authors
have called for abolishing myocardial contusion as a clinical
entity, it seems reasonable to recognize that histopathologic
changes, [3] as well as alteration in clinical risk factors and
patient management, result from cardiac contusion.

At the cellular level, blunt cardiac trauma can result
in myocardial hemorrhage, myocardial edema, myocardial
inflammation, and myocyte necrosis. During histopathologic
examination cellular disruption is noted and correlates linearly
with force of blunt trauma [3]. Damage at the tissue and cellular
level is heterogeneously distributed, with patchy areas of trauma
interspersed with normal appearing myocardium. This results
in abnormal electrical conduction and contractility of the dam-
aged myocardium. Cardiac contractile dysfunction resulting
from myocardial contusion typically improves over time [4].

Clinically, the RV is at greatest risk for blunt cardiac trauma
as this is the most anterior chamber of the heart [5]. RV con-
tusion can result in RV contractile dysfunction, which in turn
leads to systemic hypotension from decreased LV filling. RV
contusion is frequently associated with pulmonary contusion,
which can synergistically contribute to right heart failure. Pul-
monary contusion results in increased interstitial pulmonary
edema and hemorrhage, diffusion abnormalities, and hypoxia,
which all contribute to increased pulmonary artery resistance.
The contribution made by positive pressure ventilation further
augments the pulmonary arterial pressures. Mechanical venti-
lation, decreased pulmonary compliance (with increased peak
and plateau airway pressures), and utilization of positive end-
expiratory pressure (PEEP) all serve to increase mean airway
pressure, which translates into increased pulmonary arterial
pressure (see Chapter 30). Concomitant pneumothorax and
hemothorax can add to the increased intrathoracic pressure.
Pulmonary contusion can thus cause acute pulmonary hyper-
tension concurrent with attenuated RV function to manifest as
right heart failure.

Cardiac dysrhythmia is a typical sign of myocardial contu-
sion. Sinus tachycardia is the most common abnormality noted
but can only be attributed to myocardial contusion when other
causes of tachycardia have been ruled out, notably hypovolemia
and pain. All dysrhythmias have been associated with myocar-
dial contusion, including supraventricular arrhythmias, con-
duction delays, and ventricular dysrhythmias. Fatal ventricular
arrhythmias can result from a reentry mechanism in myocardial
contusion, [6] although this is rare.

Definitive diagnosis of myocardial contusion is difficult. A
clinical history of chest trauma, even a minor low-speed impact,
is the only constant feature of the diagnosis. Physical examina-
tion may reveal signs suggestive of trauma. Fractures of the ribs,
sternum, or clavicle are particularly correlated with myocar-
dial contusion. Chest radiographs may also provide clues to the
diagnosis. Radiographic findings of sternal or rib fractures, pul-
monary contusion, pneumothorax, hemothorax, or widened
mediastinum should raise suspicion of myocardial contusion.
The primary diagnostic modalities for myocardial contusion
are ECG, troponin I, and echocardiography. Transesophageal
echocardiography (TEE) has superior diagnostic capabilities
compared with transthoracic echocardiography and is feasible
in a high percentage of the trauma population [7] (see Chapter
33).

Myocardial contusion can have an impact on anesthetic
management. Specifically these patients are at increased risk
for hypotension and dysrhythmia [2]. Risk factors associated
with perioperative mortality in myocardial contusion patients
include atrial fibrillation, aortic rupture, and advanced age
[2]. Patients who display any dysrhythmia during a procedure
or have hypotensive episodes attributed to myocardial con-
tusion should have increased postoperative observation and
monitoring.

Penetrating Cardiac Trauma

Penetrating cardiac trauma is produced by low-velocity and
high-velocity mechanisms. Cardiac tamponade and exsan-
guinations are immediately life-threatening complications of
penetrating cardiac trauma. Prompt recognition and treatment
is required to avoid poor outcomes. In a study of 711 penetrating
cardiac trauma patients [8], there was a 47 percent mortality rate
(stab wounds 54%, GSW 42%). Right heart wounds were noted
in 64 percent of penetrating cardiac trauma victims (24% RA,
40% RV), while LV injury was noted in 40 percent [8]. Approxi-
mately 5 percent of patients suffered injury to a coronary artery
with a predominance for LAD [8]. Additional defects reported
were the creation of a ventricular septal defect (VSD) and dam-
age to the mitral valve [8]. Occasionally, penetrating cardiac
trauma can occur from a blunt injury. If sufficient blunt force
to the thorax results in fracture of the rib or sternum, the sharp
bone fragments can be displaced into the heart with a resultant
penetrating wound.

Mortality from penetrating heart trauma is high. In a study
of 117 patients, [9] mortality from stab wounds was ∼15 per-
cent, whereas GSWs resulted in an 81 percent mortality. Cardiac
tamponade was noted in 53 percent of the patients with stab
wounds, but mortality was only 8 percent in this subpopula-
tion. The authors concluded that cardiac tamponade was asso-
ciated with improved survival in patients with stab wounds of
the heart [9]. Exsanguination was an important contributing
factor in the fatalities.

Anesthetic management of penetrating cardiac trauma
should be directed toward therapy that treats the common
mechanisms of death: cardiac tamponade and exsanguination
(Figures 18.2 and 18.3). History of chest trauma, physical exam-
ination findings of Beck’s triad (distended neck veins, hypoten-
sion, and muffled heart tones), or pulsus paradoxus sup-
ports the diagnosis of cardiac tamponade. The neck veins may
not be distended when tamponade is accompanied by severe
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Accumulation of blood in pericardium

Decreased stroke volume

Compensatory rise in right atrial pressure

Enhanced right ventricular diastolic filling

Septal shift to left

Hypotension

Diminished LV filling output Reduced Cardiac Output

Myocardial Ischemia

Systemic acidosis

Figure 18.2. Pathophysiology of cardiac tamponade. From Barach P. Perioperative anesthetic management of
patients with cardiac trauma. Anesthesiol Clin N Am 1999;17(1):202.

ABCs of Resuscitation

Hemodynamic stability

2-d echocardiography

Echo unavailable

Subxyphoid window

Negative Positive
Operating Room

Thoracotomy
Cardiorrhaphy

Emergency Department
thoracotomy/pericardiocentesis

QuestionableNegative Positive

Hemodynamic instability

?

Figure 18.3. Perioperative management of cardiac trauma. From Barach P. Perioperative anesthetic management
of patients with cardiac trauma. Anesthesiol Clin N Am 1999;17(1):203.
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hypovolemia. ECG may show electrical alternans. Rapid diag-
nosis of cardiac tamponade can be obtained with ultrasonog-
raphy.

The focused assessment with sonography for trauma
(FAST) scan has become routine for the initial assessment of
trauma patients and can easily detect pericardial fluid. Emer-
gent thoracotomy may have a role in improving outcomes in
penetrating, but not blunt, thoracic trauma [10]. Alternatively,
a pericardial window can be performed under local anesthesia
to stabilize the patient while preparations are made for trans-
port to the operating room for definitive care. The anesthe-
siologist should secure multiple large-bore venous access to
allow for rapid fluid administration as required. Bilateral chest
tube placement should be considered prior to or coincident
with anesthetic induction because of the risk of pneumotho-
rax. The choice of induction agents is less important than the
selection of an appropriate dose. Stab wounds of the heart can
usually be repaired without the use of cardiopulmonary bypass
(CPB). Temporary asystole can be induced with adenosine,
which allows the surgeon time to accurately place the required
number of sutures in a semibloodless and motionless field to
adequately control hemorrhage [11]. Rapid bolus of adenosine,
6–12 mg IV, results in acute inhibition of sinus node and atri-
oventricular node function, sinus bradycardia, transient atri-
oventricular block, and asystole. During the period of asystole,
the heart is rendered completely flaccid and more amenable
to manipulation, especially when dealing with the lateral wall
[11]. Owing to adenosine’s ultrashort half-life, asystole lasts for
approximately 15–20 seconds with prompt restoration of sinus
rhythm afterward. ECG monitoring, pacing backup, corrective
measures for untoward hemodynamic effects (e.g., ephedrine,
low-dose epinephrine, phenylephrine), and defibrillation capa-
bilities are required. Hypotension and bronchospasm can occur
after adenosine. Certain injuries will require CPB, such as pul-
monary artery lacerations and VSDs.

Gun shot wounds of the heart have several unique consid-
erations with respect to anesthetic management. The poten-
tial exists for transmediastinal injury, including the great ves-
sels and the esophagus. Traumatic esophageal perforation may
be worsened with TEE, so that placement of a TEE probe
may be contraindicated (see Chapter 33). Missile embolus can
occur with GSWs of the heart. This occurs when the bullet
or shrapnel fragment penetrates a vascular structure and then
is carried by blood flow until it lodges in the arterial tree at
a remote site where it can produce end-organ ischemia. The
trauma care team can be distracted by the penetrating cardiac
trauma and neglect to search for missile embolus preopera-
tively. Appropriate evaluation for missile embolus should occur
prior to leaving the operating room to avoid prompt return for
embolectomy.

T R AU M A O F T H E G R E AT V E S S E L S

Blunt Injury to the Great Vessels

Thoracic Aortic Transection
Blunt trauma can result in rupture or avulsion of the great

vessels within the thoracic cavity. The thoracic aorta is partic-
ularly prone to damage when rapid deceleration is the mecha-
nism of injury resulting in thoracic aortic partial or complete
transection [4, 12]. Falls and motor vehicle accidents (MVAs)

Table 18.3: Factors Associated with Traumatic Aortic Rupture

High-speed, head-on motor vehicle accident

Motor vehicle accidents with passenger death

Fall >30 feet

are prototypical scenarios that can produce aortic transection
(Table 18.3). The thoracic aorta is anchored at the aortic annu-
lus, the ligamentum arteriosum, and at the diaphragmatic hia-
tus. These points of attachment immobilize small sections of
the thoracic aorta, which is otherwise freely mobile within the
chest. Traumatic aortic transection is distinguished from tho-
racic aortic aneurysmal (TAA) disease in that aortic transec-
tion is an acute, life-threatening event involving disruption of
all layers of the aortic wall, whereas TAA is a weakening and
expansion of all three layers of the aortic wall. The majority,
up to 90 percent, of patients with frank rupture of the aorta
die prior to hospital arrival [13]. Patients who survive to hos-
pital admission have a contained rupture that requires prompt
diagnosis and treatment. Although the classic view has main-
tained that these patients are “time bombs” that could explode
at any moment, evidence-based medicine suggests that patients
with acute aortic transection who survive to reach the hospi-
tal may have a better acute prognosis than previously believed
[4]. Therefore, an immediately life-threatening injury, such as
exsanguination from rupture of the spleen, may take prece-
dence over the potentially life-threatening aortic transection.
The aortic injury should then be promptly treated. If the patient
is hemodynamically stable, an aortic disruption can be man-
aged medically (see below) and watched carefully for signs of
further deterioration necessitating urgent or emergent surgery.
The natural long-term result of this lesion would be an aortic
pseudoaneurysm that would necessitate elective surgical repair
because of the eventual likelihood of fatal rupture.

Patients with aortic transection can have variable clinical
presentations. The vital signs may reflect an increased sym-
pathetic state (hypertension and tachycardia) caused by pain,
anxiety, and inadequate oxygen delivery to vital organs. Alter-
natively, hemorrhage from the blunt aortic injury or associated
trauma injuries can produce hypotension and tachycardia. Clas-
sically, the patient may complain of sharp, tearing chest pain
with radiation to the back between the scapulae. A contained
rupture in the proximal descending thoracic aorta may induce
downstream ischemia as a result of interrupted distal aortic
flow from the aortic disruption itself or from hematoma com-
pressing the distal thoracic aorta. Spinal cord ischemia and
paraplegia can result from this ischemia. A partial or com-
plete aortic transection may also have a dissection compo-
nent, which involves separation of layers within the wall of
the aorta. Extension of such a dissection into major arterial
vessels may produce additional symptoms associated with the
ischemic organ. Retrograde dissection can affect the coronary
arteries producing myocardial ischemia or infarction, pericar-
dial tamponade, or acute aortic insufficiency. Dissection of the
head vessels may produce mental status changes, neurologic
deficits, or stroke. Dissection of the splanchnic vasculature can
result in mesenteric ischemia, with pain out of proportion to the
physical examination. Acute renal failure and oliguria can result
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DeBakey type I DeBakey type II DeBakey type IIIA DeBakey type IIIB

Stanford type A Stanford type B

Figure 18.4. Schematic diagram of the Stanford and DeBakey classifica-
tion schemes for aortic dissection. Adapted from Miller R, ed. Atlas of
Anesthesia. Smith MS, Grichnik K. In Reves J, vol. ed, Cardiothoracic
Anesthesia, vol. 8. London: Churchill Livingstone, 1999, p 6.10.

with renal arterial involvement or hypotension from a prere-
nal mechanism. Extension of the dissection distally into the
iliac and femoral arterial tree can present with lower-extremity
ischemia. Any combination of these symptoms can be present
and depends on the specific organ perfusion state after dis-
section. Symptoms can worsen over time and usually reflect
extension of the dissection.

There are two systems to classify aortic dissection (Figure
18.4, see also color plate after p. 294). The Stanford classifica-
tion system [14] has greater clinically utility. Aortic dissection
that involves the ascending thoracic aorta is classified as type A
and requires surgery for definitive management. Aortic dissec-
tion that involves the descending thoracic aorta is classified as
type B with an initial trial of medical management (aggressive
control of blood pressure and heart rate). Patients who con-
tinue to display symptoms or whose symptoms worsen during
medical management are considered to have failed therapy and
require emergent surgery. The DeBakey classification system
classifies aortic dissection based on anatomical location and
extent of the dissection. DeBakey Types I and II require surgical
management, whereas Types IIIA and IIIB can undergo a trial
of medical management. Typical proximal descending aortic
traumatic transection is most similar to a DeBakey Type IIIa
dissection, even though the actual injury most often is not a
dissection.

Diagnostic modalities for acute aortic transection have
improved over the past decade. Classically, a widened medi-
astinum on chest radiograph (CXR) and a history of blunt
trauma triggered consideration of a differential diagnosis
including aortic transection (Figure 18.5). Aortic angiography
(Figure 18.6) was considered the standard of care for defini-
tive diagnosis, although it was time consuming and risked
deterioration of renal function secondary to the angiographic
dye. Current dogma maintains that helical (spiral) computed
tomography (CT) scan [15] and TEE [16, 17] are now superior

NG tube in trachea

deviated to right

Widened Mediastinum

Indistinct aortic margin

Figure 18.5. Chest x-ray in a trauma victim portraying a widened medi-
astinum suspicious for traumatic disruption of the proximal descending
thoracic aorta.

Figure 18.6. Angiography of the thoracic aorta showing a traumatic
pseudoaneurysm of the aortic isthmus (arrows). From Pretre R, Chilcott
M. Blunt trauma to the heart and great vessels. N Engl J Med, 1997;336(9):
631.
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Table 18.4: Advantages and Disadvantages of Transesophageal
Echocardiography in Cardiothoracic Trauma (see also
Chapter 33)

Advantages Disadvantages

■ Portability
■ Ease of performance
■ Ease of follow-up

examinations
■ No perceptible delay in

primary or secondary
survey

■ Excellent imaging of aortic
valve, proximal ascending
aorta, distal aortic arch,
descending thoracic aorta,
cardiac function, and
intracardiac lesions

■ Requires experienced
specialist (operator
dependent)

■ Contraindicated in
esophageal pathology

■ Potential to exacerbate
unstable cervical spine
injuries

■ Potential airway problems
if not tracheally intubated

■ Unable to visualize portions
of the ascending aorta,
proximal aortic arch, and
brachiocephalic branches
due to tracheal and
bronchial air

■ Decreased diagnostic ability
if pneumomediastinum

Modified from Ben-Menachem Y. Assessment of blunt aortic-
brachiocephalic trauma: Should angiography be supplanted by
transesophageal echocardiography? J Trauma 1997;42:969–72.

modalities for rapid diagnosis of aortic transection (see Chapter
33). These modalities lead to a more rapid diagnosis and both
provide critically important supplemental information. Many
anesthesiologists now utilize TEE in the management of major
cases to guide therapy [18]. The major limitations are that the
equipment or trained individuals to use these devices are not
available in every medical center (Table 18.4) [19].

The surgical approach will depend on the type of transec-
tion (proximal descending aorta versus aortic root versus at the
diaphragm), the patient’s condition, and the technical expertise
and experience of the surgeon. These decisions dictate critical
aspects of anesthetic management. Aortic rupture at the aortic
root (aortic valve and sinuses of Valsalva) requires open surgi-
cal repair employing full CPB via median sternotomy. Repair
or inspection of the endovascular intima of the aortic arch may
require profound hypothermic circulatory arrest. The more
common proximal descending aortic transection may or may
not require CPB and is approached via left lateral thoracotomy.
Endovascular stent repair of acute aortic dissection has been
employed in selected patients with promising results to date
[20] (see Chapter 17). Endovascular stents have also been used
in pediatric patients to repair traumatic aortic rupture [21].

Anesthetic Considerations
Aggressive and precise control of the preoperative and intra-

operative blood pressure is required to avoid extension of the
dissection or frank rupture and death. In addition to arterial
blood pressure control, there is a concern that the shear forces
generated from blood flow may worsen the dissection. Phar-
macological therapy to reduce the heart rate and contractility is
indicated. Traditionally, this has been achieved by utilizing con-

tinuous infusion of a rapidly acting vasodilator in combination
with a β-adrenergic receptor antagonist (β-blocker). The most
common regimen is probably infusions of esmolol and sodium
nitroprusside (SNP), although other therapies have been effec-
tively utilized and are acceptable (Table 18.5). Although nitro-
glycerin (NTG) has been employed as an antihypertensive agent,
it would seem prudent to select agents that act on the arterial
vasculature; thus, we do not recommend NTG for blood pres-
sure control in this setting.

Cardiac β-adrenergic blockade should be instituted as
quickly as possible to decrease the force of blood ejection from
the heart. Esmolol is a β1-adrenergic (cardioselective) recep-
tor antagonist with rapid onset and elimination. The goal of
esmolol therapy is to decrease the heart rate and left ventricular
contractile force, which in turn will attenuate the shear stress
of blood flow at the dissection site. A heart rate of less than
or equal to 80 beats per minute would be a reasonable goal.
Although esmolol is an excellent choice for heart rate control,
additional agents will be required for control of arterial blood
pressure if the patient is hypertensive. Labetalol is a nonspe-
cific β-adrenergic receptor antagonist that also possesses α1-
adrenergic antagonist properties. Therefore, it can be utilized
as a single agent to control both blood pressure and heart rate.

Alternative therapies to control arterial blood pressure have
been successfully employed in aortic dissection patients. The
requirements for alternative agents would include rapid onset,
ease of dose adjustment, and availability to administer as a
continuous infusion. SNP has a long clinical history in the
treatment of hypertensive emergencies. SNP has several desir-
able characteristics, but it also causes reflex tachycardia that
increases endovascular shear forces and requires concomitant
β-blockade therapy. Moreover, SNP is metabolized to cyanide
ion, and high-dose SNP therapy increases the risk of cyanide
toxicity especially in patients with renal dysfunction. This is rel-
evant to aortic dissection in that tissue oxygen delivery may be
compromised from impaired perfusion and ischemia, includ-
ing to the kidneys. Nicardipine is a Ca2+-channel blocking
(CCB) agent that has gained popularity in anesthetic practice
over the past decade. Nicardipine can be parenterally adminis-
tered, producing systemic and coronary arterial vasodilatation.
In patients with myocardial ischemia this may improve myocar-
dial oxygen delivery. The pharmacologic effects of nicardipine
do not dissipate as rapidly as SNP. Unlike nicardipine, phen-
tolamine is a nonspecific α-adrenergic antagonist with a long
history of use by anesthesiologists. Competitive antagonism at
theα1-adrenergic andα2-adrenergic receptors results in arterial
vasodilation. Although phentolamine is commonly associated
with the management of pheochromocytoma, it is a very effec-
tive short-acting medication that can be applied to the patient
with aortic dissection.

Fenoldopam is a D1-dopamine receptor agonist utilized
clinically for the treatment of hypertension [22]. Impaired per-
fusion and ischemia of the renal and abdominal organs are a
concern during aortic dissection. Fenoldopam enhances per-
fusion of the renal and mesenteric vasculature [23] and thus
may have a unique role in treating the hypertension associated
with aortic dissection. In patients undergoing elective repair
of aortic aneurysm, fenoldopam controlled cross-clamp hyper-
tension. Additionally, fenoldopam achieved better preservation
of renal function than sodium nitroprusside and dopamine,
[24–27] although this benefit has not been observed in other
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Table 18.5: Recommended Pharmacological Therapy Options for Preoperative Blood Pressure Control in Patients with
Aortic Dissection

Drug Usual Dose Range Loading Dose Add β-blocker Notes

Esmolol 50–500 μg · kg−1 · min−1 1–1.5 mg/kg n/a Rapid-acting β1-AR antagonist

SNP 0.1–8.0 μg · kg−1 · min−1 None Yes Cyanide toxicity a concern when used
in high doses and/or renal dysfunction

Labetalol 0.5–3 mg/min 5–20 mg every 5 min
to total of 300 mg

No Antagonist at α1-AR, β1-AR, and
β2-AR

Nicardipine 2.5–15 mg/hr 0.25–0.5 mg Yes CCB; improves coronary artery blood
flow

Phentolamine 1–20 μg · kg−1 · min−1 1–5 mg Yes Antagonist at α1-AR and α2-AR

Fenoldopam 0.03–3 μg · kg−1 · min−1 None Yes ↑ renal and mesenteric perfusion

Dexmedetomidine 0.2–0.7 μg · kg−1 · hr−1 ≤1 μg/kg over
10–15 min

No Sedative/sympatholytic via agonist
action at central α2-AR. If loading
dose too rapidly given will initially ↑
BP followed by ↓ BP and ↓ HR.

SNP, sodium nitroprusside; n/a, not applicable; AR, adrenergic receptor; CCB, Ca2+ channel blocker.

reports [28]. During TAA repair fenoldopam was associated
with a decrease in mortality [26, 27]. Fenoldopam is adminis-
tered parenterally by continuous infusion. Although low-dose
fenoldopam (0.03–0.05 μg · kg−1 · min−1) augments renal and
mesenteric perfusion, the antihypertensive actions are achieved
in the 0.1–3μg · kg−1 · min−1 dose range. Fenoldopam is devoid
of effects on the adrenergic receptors and thus concomitant β-
adrenergic receptor antagonism with esmolol by continuous
infusion (or metoprolol) is probably required to control heart
rate and decrease endovascular shear forces.

Dexmedetomidine may have a role in the preoperative ther-
apy of thoracic aortic dissection and should be considered,
especially if sedation is required. Dexmedetomidine is a potent
α2-adrenergic agonist that produces sedation without respi-
ratory depression; additionally, dexmedetomidine is a sympa-
tholytic and has some analgesic properties [29]. Dexmedeto-
midine is markedly more potent than clonidine but has similar
pharmacologic effects. Dexmedetomidine has been approved
for use in short-term sedation of tracheally intubated intensive
care unit (ICU) patients. Although no studies have examined
dexmedetomidine use in this patient population, there are dis-
tinct clinical and theoretical advantages that may be imparted in
contained aortic rupture patients. Inhibition of catecholamine
secretion results in smoothing of hemodynamic variability, low-
ering of the arterial blood pressure and heart rate, and reduction
of the shear forces on the arterial wall. The mechanism of seda-
tion is distinct from the γ -aminobutyric acidA (GABAA) ago-
nists (i.e., midazolam) in that the dexmedetomidine effects are
mediated by the endogenous adrenergic sleep pathways of the
locus ceruleus. Thus, patients appear to be sleeping but are easily
aroused and can be cooperative with physical examination with-
out adjustment of the dexmedetomidine infusion. Dexmedeto-
midine is available for continuous intravenous infusion (0.2–
0.7 μg · kg−1 · h−1) following a loading dose less than or equal
to 1 μg/kg administered for 10–15 minutes. Rapid administra-
tion of the dexmedetomidine-loading dose should be avoided

because it may initially cause hypertension via stimulation of
peripheral vascular α2-adrenergic receptors (vasoconstriction)
followed by bradycardia and hypotension. Contraindications
to use of dexmedetomidine include hypovolemia, hypotension,
heart block, and congestive heart failure prior to administra-
tion.

Invasive pressure monitoring is indicated (see also Chapters
4 and 5). The preferred site of arterial catheter placement will
depend on the type of aortic transection and potential surgi-
cal considerations. A right radial arterial catheter is preferred
in proximal descending thoracic transaction because the sur-
geon may need to place the aortic cross-clamp proximal to the
left subclavian artery. A left-sided arterial catheter would then
be excluded from arterial blood flow, and thus, the ability to
monitor the blood pressure would be lost. Likewise a left radial
arterial catheter is indicated for a proximal ascending aortic
disruption or transaction to avoid problems with innonimate
artery cross-clamping. Cannulation of the ipsilateral brachial
or axillary artery should be considered if a catheter can not be
placed into the desired radial artery. Aortic arch repair requires
profound hypothermic circulatory arrest. Because there is no
blood pressure to measure during circulatory arrest, the arte-
rial catheter site can be on either the right or left side. If par-
tial cardiac bypass will be used to repair a proximal descend-
ing aortic dissection, placement of a second arterial catheter to
measure lower-extremity blood pressure is advocated by many
anesthesiologists. The use of a pulmonary artery catheter (PAC)
is typically indicated [30]. Many anesthesiologists feel that an
oximetric and/or continuous cardiac output PAC provides real-
time valuable information in the management of critically ill
trauma patients [31]. A fall in mixed venous oxygen saturation
is due to increased oxygen consumption or decreased oxygen
delivery (see Chapter 5). Oxygen delivery is governed by cardiac
output, hemoglobin concentration, and arterial oxygen satura-
tion. TEE can play a pivotal role in the management of patients
during aortic surgery [17]. TEE provides rapid, accurate
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diagnosis of aortic transection or dissection, evaluates cardiac
structural integrity and function, and can evaluate for asso-
ciated life-threatening conditions like cardiac tamponade (see
Table 18.4 and Chapter 33) [17]. Surgical repair of aortic tran-
section has an impact on airway management. Ascending aortic
transection can be managed with a single-lumen endotracheal
tube similar to most cardiac anesthetic cases. Descending aortic
transections generally require the utilization of lung isolation
techniques to facilitate surgical exposure and repair (see Chap-
ter 19) [32–34]. Although a double-lumen endobronchial tube
can adequately accomplish this goal, we prefer the placement
of a bronchial blocker (e.g., Arndt or Cohen) through a single-
lumen endotracheal tube, which offers several advantages in
this patient population. The aortic hematoma can displace and
distort the intrathoracic airway, particularly below the carina.
Placement of the endobronchial portion of the double-lumen
tube can cause trauma to the distorted airway and erode into the
aortic hematoma. These patients have significant postoperative
pulmonary challenges that are ideally managed with a single-
lumen endotracheal tube. These patients frequently have sig-
nificant intraoperative hemorrhage with resultant requirement
for large-volume resuscitation. Marked edema of the upper air-
way usually precludes exchange of a double-lumen to a single-
lumen endotracheal tube at the conclusion of the procedure.
Blunt chest trauma is associated with pulmonary contusion
and hypoxia, which requires expert adjustment of mechani-
cal ventilation. Removal of pulmonary secretions is limited in
double-lumen endotracheal tubes, as is bronchoscopic exam-
ination of the airway. The use of a bronchial blocker for lung
isolation obviates these difficulties in the postoperative period.

The anesthesiologist should anticipate significant blood loss
and the possibility of developing a coagulopathy. Adequate
intravenous access should be obtained and would include two
large-bore peripheral intravenous catheters at the minimum.
Packed red blood cells should be immediately available during
the operative course. Thermal conservation measures should be
employed early in the operative course to limit the adverse effect
of hypothermia on hemostasis (see Chapter 29) [35]. Obtain-
ing a coagulation profile via thromboelastography will guide
rational blood component therapy administration [36].

Treatment of postoperative pain will be required after tho-
racotomy (see Chapters 31 and 34). Parenteral opioid therapy
can be supplemented with a regional anesthetic technique after
consideration of the risk/benefit ratio. Thoracic epidural anal-
gesia (TEA) has significant risks, complicating TEA placement
in the immediate postoperative period: abnormal coagulation
status and the risk of neurologic deficit from the procedure.
If TEA is selected, catheter placement should be deferred until
these issues have resolved. Placement of a paravertebral nerve
block catheter might have less risk of neuraxial hematoma and,
when appropriately inserted, appears to offer equivalent analge-
sia to TEA [37, 38]. Intercostal nerve block with local anesthetic
can provide effective pain relief for thoracotomy incisions but
will require repeat placement every 6–8 hours.

Blunt Injury of Arterial Vessels
Injuries to major arterial branches of the thoracic aorta are

less common than traumatic aortic transection. The specific
vessel injured depends on the force vector and patient position
at time of impact. Mechanism of injury could include either
deceleration or traction. Disruption of the head vessels should

be suspected when hematoma of the neck, bruits, mental sta-
tus changes, or focal neurologic deficits are observed. Avulsion
of the left subclavian artery is associated with brachial plexus
injury.

Diagnosis is more difficult than in aortic rupture. Although
excellent for the rapid diagnosis of proximal ascending aorta
and descending aortic abnormalities, TEE has little value in
detecting injuries of aortic branch vessels. Penetrating trauma
can masquerade as blunt trauma in the presence of rib, ster-
nal, or clavicular fractures. Displacement of these fractures can
avulse or puncture the vascular structures of the thorax. A large,
left hemothorax on CXR may provide clues to the correct diag-
nosis.

Penetrating Injury to the Great Vessels
Similar to penetrating cardiac trauma, the clinical presen-

tation varies greatly depending on the site and extent of the
wound. Attenuation of active hemorrhage and restoration of
end-organ perfusion is the primary goal. Unlike blunt trauma,
there may be a role for emergency room thoracotomy to gain
proximal control of the thoracic aorta for hemostasis. Rapid
hemorrhage and hypotension are the primary concerns in pene-
trating trauma. Penetrating trauma of the proximal pulmonary
arteries, terminal pulmonary veins, or vena cava has a very
high mortality rate (∼75%) [39]. Surgical repair is challenging
and may require CPB. Fractures of the sternum or rib(s) can
result in avulsion of the internal mammary or intercostal arter-
ies, respectively. CXR may reveal a hemothorax. It is important
to recognize that these vessels are frequently lacerated iatro-
genically. The entry site for needle decompression of a tension
pneumothorax is the midclavicular line in the fourth intercostal
space. If the entry site is too far medial, the internal mammary
artery can be injured. Chest tube placement can be complicated
by laceration of an intercostal artery.

Blast Injury

Although traditionally associated with military casualties,
trauma secondary to explosion is a growing concern because of
the global spread of terrorist activity (see Chapter 22). Bomb
detonation seems most likely to occur in settings designed to
produce the greatest number of injuries. Anesthesiologists are
likely to have a critical role in the management of blast injury,
[40] given that triage and resuscitation of multiple trauma vic-
tims will be required simultaneously. Among the many possi-
ble injuries, injury to the lungs most often requires immediate
treatment, and chest trauma has been reported in 40 percent of
casualties (Table 18.6) [41]. Air emboli in the pulmonary and
systemic circulation are the primary mechanisms of death [40].
The differential diagnosis includes air embolism, penetrating
thoracic trauma, and blunt thoracic trauma.

Explosions create direct and indirect trauma. The sudden
increase in atmospheric pressure, termed blast overpressure, is
a primary trauma mechanism responsible for direct trauma.
Parameters governing blast overpressure include the amount
and type of explosive utilized and the distance from the blast.
The inverse square of the distance correlates with blast force.
Blast overpressure of 35 psi will result in significant pulmonary
injury, whereas 65 psi has a 99 percent resultant mortality [38].
Indirect injuries can occur from projectiles generated from the
explosive force (shrapnel), collapse of the building following



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-18 CUFX276-Smith-v2 May 12, 2008 17:33

2 8 8 ■ G E R H A R D T A N D G R AV L E E

Table 18.6: Clinical Manifestations of Blast Injury

Head

Brain injury

Laryngeal injury

Tympanic membrane rupture

Skull fracture

Thoracic

Cardiac

Cardiac contusion

Dysrhythmia

Hypotension

Myocardial ischemia

Penetrating cardiac trauma

Pulmonary

Air embolism

Apnea

Bronchopleural fistula

Dyspnea

Hypoxia

Pneumothorax

Pulmonary contusion

Abdominal

Hemorrhage

Organ rupture

Penetrating trauma

Perforation

Peripheral

Traumatic limb amputation

Secondary trauma

Crush injury

Thermal injury

the explosion, fire created by the explosion, and victims being
thrown forcibly into other objects.

Triage of patients is the first priority in disaster management
[40]. Patients are initially assigned to one of four groups: minor
injury, delayed treatment, immediate life-saving treatment, and
expectant (death is unavoidable). It is important to recognize
that delayed presentation of additional blast injuries is very
common. Thus, patients need to be reassessed frequently. The
number of victims that present to the emergency department in
the first hour following the explosion has been used for resource

utilization planning as this often represents about half of the
total number of expected patients [40].

Organs exposed to atmospheric pressure or with air-fluid
interfaces are the most susceptible to blast overpressure trauma.
Tympanic membrane rupture is the most common injury fol-
lowing explosion, [42] followed by blast lung injury. Victims can
present with the blast lung injury triad of apnea, bradycardia,
and hypotension. The Centers for Disease Control and Pre-
vention (CDC) recommends prophylactic bilateral thoracos-
tomy tube placement in all suspected blast lung injury patients
because of the risk of life-threatening pneumothorax.

Laryngeal and pulmonary injuries complicate airway man-
agement. Laryngeal fracture, dislocation of cartilaginous struc-
tures, hemorrhage, and penetrating injury of airway structures
can make intubation difficult (see Chapter 2). Inspiratory stri-
dor requires immediate evaluation and may signal impending
loss of airway. Alveolar rupture from blast overpressure is com-
mon, and initiation of positive pressure ventilation may hasten
the development of a tension pneumothorax. Bronchopleural
fistula or hemoptysis may require institution of lung isolation
techniques.

Cardiac injury can occur in blast injury patients. Car-
diac dysrhythmia is a common manifestation of blast injury.
Arrhythmogenic mechanisms include myocardial contusion,
neurally mediated reflexes, and coronary artery embolism
(especially air embolism) [40]. Tachycardia, bradycardia, ven-
tricular fibrillation, and asystole have been noted following blast
injury. Patients should be monitored for ECG abnormalities
and Advanced Cardiac Life Support (ACLS) protocols should
be employed to treat unstable electrical disturbances. Coronary
artery air embolism deserves special consideration because it is
believed to be a major cause of death following blast injury
[40, 43]. Myocardial ischemia and myocardial infarction may
be noted. Penetrating cardiac trauma can occur from shrapnel
and result in cardiac tamponade and requires prompt treatment
for survival [44]. Distinguishing these diagnostic possibilities
can be difficult.

Anesthetic Considerations for Blast Injury
Appropriate preparation to care for multiple patients with

reversible, immediately life-threatening injuries is the first pri-
ority. Activation of the institutional disaster plan should occur
to recruit sufficient personnel for acute care. Establishing a
chain of command and deployment of an anesthesiologist to
the emergency department as an integral component of the
initial assessment and management of patients has been shown
to improve outcomes [45]. All elective procedures should be
canceled to allow immediate access to operative suites. Patients
require triage upon presentation to identify those most likely
to benefit from immediate care. The goal of initial therapy is to
stabilize the patient; definitive procedures should be delayed as
medical resources (personnel and operating rooms) should be
redirected to additional patients as quickly as possible.

Preoperative assessment should be balanced with the clin-
ical scenario; it may not be feasible to obtain a complete his-
tory and laboratory evaluation prior to anesthetic care. Min-
imal preoperative evaluation should probably include a chest
radiograph and determination of hematocrit. Securing ade-
quate large-bore intravenous access is routine (see Chapter 4).
Arterial catheter placement is probably indicated for most blast
injury patients to monitor blood pressure and the severity of
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pulmonary injury. Placement of central venous catheters or a
pulmonary artery catheter should be guided by the patient’s
condition. When deciding to use TEE intraoperatively, the pos-
sibility of esophageal injury from the blast overpressure must be
considered. Prophylactic chest tubes should be placed bilaterally
prior to anesthetic induction in any patient with suspected pul-
monary injury. Broad-spectrum antibiotic prophylaxis should
be administered [46].

Considerations for anesthetic induction in blast injury
patients are similar to other trauma victims: patients should be
considered at risk for aspiration (full stomach), they frequently
are underresuscitated, and they may have undiagnosed injuries.
Administration of a fluid bolus prior to induction may improve
hemodynamic stability during induction. There are no con-
traindications to succinylcholine per se as a result of the acute
injury. Ventilatory parameters should be selected to maintain
minimal airway pressures and allow permissive hypercapnia
[40].

Anesthetic maintenance should avoid the use of nitrous
oxide. Air embolism is frequently noted in blast injury victims.
Nitrous oxide diffuses readily into closed air-filled spaces within
the body. The resultant expansion of the air embolism will
worsen the patient’s condition. Fluid management can be com-
plex. The blast injury patient requires sufficient fluid admin-
istration to provide acceptable organ perfusion. Provision of
a systolic blood pressure greater than 100 mmHg and heart
rate less than or equal to 120 beats per minute has been sug-
gested as acceptable [42]. Concomitant morbidities (i.e., coro-
nary vascular disease) or ongoing blood loss may alter the man-
agement goals. Conservation of thermal energy is encouraged
because hypothermia contributes to worsening coagulopathy
and increased oxygen utilization.

S U R G I C A L C O N S I D E R AT I O N S

Preoperative evaluation and diagnosis of traumatic blast lesions
will guide the choice of surgical approach. This has anesthetic
implications regarding positioning the patient, appropriate
placement of monitors, and provision for airway management
(i.e., lung isolation). Patients with suspected cardiac trauma can
undergo surgical exploration by subxiphoid pericardial win-
dow, open surgical exposure, or the increasingly popular video-
assisted thoracoscopic surgery (VATS). The choice is guided by
the clinical scenario and suspicion of injury along with surgeon
preference and experience (Table 18.7) [47]. If the minimally
invasive methods (VATS, pericardial window) are selected for
initial evaluation, the anesthesiologist must be prepared for
immediate conversion to an open procedure. Pericardial win-
dow has the advantage that it can be performed under local
anesthesia if required and is both diagnostic and therapeutic for
cardiac tamponade, a common cause of hypotension following
thoracic trauma. If active hemorrhage is discovered during tam-
ponade the incision will be extended and the chest is entered
via median sternotomy (see also Chapter 17).

VATS procedures have gained wide popularity and have
the advantage that the chest thoracostomy sites can be utilized
to introduce the videoscope. Patients undergoing VATS experi-
ence less pain and less impairment in pulmonary function com-
pared with thoracotomy. The use of VATS is therefore expand-
ing in stable trauma patients for the diagnosis and treatment

Table 18.7: Indications for Surgery after Cardiothoracic Trauma

Acute Indications Subacute Indications

■ Cardiac tamponade
■ Acute deterioration or cardiac

arrest in the trauma center
■ Penetrating truncal trauma
■ Vascular injury at the thoracic

outlet
■ Loss of chest wall substance
■ Massive air leak from chest

tube
■ Tracheobronchial tear
■ Great vessel laceration
■ Mediastinal traverse of a

penetrating object
■ Missile embolism to the heart

or pulmonary artery
■ Placement of inferior vena

caval shunt for hepatic
vascular injury

■ Traumatic diaphragmatic
hernia

■ Cardiac septal or valvular
lesion

■ Nonevacuated clotted
hemothorax

■ Chronic thoracic aortic
pseudoaneurysm

■ Posttraumatic empyema
■ Lung abscess
■ Tracheoesophageal fistula
■ Missed tracheal or

bronchial tear
■ Innominate artery/tracheal

fistula
■ Traumatic arterial venous

fistula

Modified from Wall MJ, Storey JH, Mattox KL. Indications for thoracotomy.
In Mattox KL, Feliciano DV, Moore EE, ed. Trauma, 4th edition. New York:
McGraw-Hill, 2000, pp 473–82.

of continued chest tube bleeding, retained hemothorax, post-
traumatic empyema, suspected diaphragmatic injuries, persis-
tent air leaks, and mediastinal injuries [48]. Contraindications
to VATS include hemodynamic instability, injuries to the heart
and great vessels, inability to tolerate one-lung ventilation, prior
thoracotomy, coagulopathy, and indications for emergent tho-
racotomy or sternotomy. Because the VATS procedure requires
lung isolation, there are unique challenges to the anesthesiolo-
gist in the trauma setting. Many blunt trauma patients will have
associated injuries that markedly alter the standard manage-
ment of lung isolation, including facial/airway trauma, risk of
unstable cervical spine, and requirements for continued resus-
citation, which diverts attention. Furthermore, patients might
not tolerate one-lung ventilation secondary to hypoxia, in par-
ticular, if there is an associated pulmonary contusion or pul-
monary emboli (originating from long-bone fractures), which
impairs alveolar oxygen diffusion. Positive findings on VATS
exploration usually result in conversion to an open procedure.
In several small case series, conversion to thoracotomy was nec-
essary in 10 of 99 patients [48].

The surgical approach to great vessel injury is more com-
plex and relates to the specific injury but can be broadly divided
into median sternotomy and thoracotomy approaches. Exten-
sion of the median sternotomy into the neck allows access to
the head vessels. If required, a thoracotomy incision can be
extended via transverse sternotomy and contralateral thoraco-
tomy (“clamshell”) to gain access to both hemithoracic cavities.

N O N C A R D I AC T H O R AC I C T R AU M A

General Principles and Initial Management

Blunt or penetrating thoracic trauma may involve the heart
or great vessels as noted earlier, but may also induce injury
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Table 18.8: Incidence of Injuries in Patients with Blunt Thoracic
Trauma Presenting to the Operating Room for Emergency Surgery

Type of Injury Incidence (%)

Rib fractures 67

Pulmonary contusion 65

Pneumothorax 30

Hemothorax 26

Flail chest 23

Diaphragmatic injury 9

Myocardial contusion 5.7

Aortic tear 4.8

Tracheobronchial injury 0.8

Laryngeal injury 0.3

Modified from Devitt JH, McLean RF, Koch JP. Anaesthetic management of
acute blunt thoracic trauma. Can J Anaesth 1991;38:506–10.

specific to the larynx, tracheobronchial tree, lungs, or chest
wall (Table 18.8) [49]. There is a high incidence of extratho-
racic injuries associated with major blunt trauma, such as head
trauma and musculoskeletal injuries (Table 18.9) [50]. Initial
physical examination should involve inspection and ausculta-
tion of the thorax to assess for obvious injuries and to determine
whether breath sounds are present bilaterally. Laryngeal injury
should be suspected in any patient with hoarseness, subcuta-
neous emphysema in the neck, and/or hemoptysis. Tracheal and
bronchial compromise by compression or direct injury should
be suspected if there is upper airway obstruction, stridor, obvi-
ous trauma at the base of the neck, or significant sternal fracture
with a palpable defect in the region of the sternoclavicular joint.
If breath sounds are unequal, then either a pneumothorax or
hemothorax is likely. If the patient is stable, then a chest x-
ray should be done to confirm the diagnosis. If the patient is
not stable, or if an x-ray is not immediately available, then a
tube thoracostomy should be performed [51]. This will serve
to relieve a pneumothorax resulting from blunt bronchial tears
or to reexpand the lung in the event of hemothorax resulting
from trauma to pulmonary veins or arteries. In many trauma
centers, bilateral chest tube placement is considered routine if
there is evidence of thoracic trauma.

If the initial tube thoracostomy reveals a continuing air leak,
then a bronchial tear probably is causing a bronchopleural fis-
tula, which may compromise gas exchange (even after chest tube
placement) sufficiently to warrant immediate bronchoscopy,
temporizing lung isolation with a bronchial blocker or a double-
lumen endobronchial tube (see Chapter 19), or surgical repair.
In general, the air leak will be minimized by continuation of
spontaneous ventilation, but if the leak is massive, effective ven-
tilation may not be possible without immediate surgical repair
or lung isolation. As with blast injury, a bronchial tear may also
result in life-threatening air embolus through gas entrainment
into disrupted pulmonary veins that lie in close proximity to the
airway injury. Classic findings are hemoptysis, sudden cardiac

Table 18.9: Extrathoracic Injuries Associated with
Thoracic Trauma

Injury Incidence (%)

Skull fracture 10

Cerebral concussion 38

Cerebral contusion 13

Facial fractures 8

Vertebral column 11

Upper limbs 20

Lower limbs 26

Pelvic fractures 14

Abdomen 32

Modified from Besson A, Saegesser F: Color Atlas of Chest Trauma and
Associated Injuries. Medical Economics Books, Oradell, NJ 07649, 1983,
pp 12–14.

or cerebral dysfunction after initiating positive pressure ventila-
tion (e.g., after rapid sequence intubation), air in retinal vessels,
and air in arterial blood gas [52]. Treatment is supportive and
may include avoidance of high peak airway pressures during
mechanical ventilation, avoidance of positive pressure ventila-
tion to the affected side (mandating one-lung ventilation), and
adequate volume resuscitation. Hyperbaric oxygen therapy may
be of value in cases of cerebral air embolism [52, 53].

If the initial tube thoracostomy reveals blood and the patient
is hemodynamically unstable despite adequate fluid resuscita-
tion, emergency thoracotomy is indicated with or without lung
isolation as time and circumstances permit (Table 18.7). Pul-
monary vascular injury is often self-limited, however, so simple
drainage of the hemothorax via a tube thoracostomy may suffice
as treatment (Figure 18.7). If hemodynamic instability coexists
with a massive hemothorax that does not remit after chest tube
insertion, this suggests aortic or proximal pulmonary arterial
disruption, either of which will require immediate thoracotomy
for patient survival [47]. Most thoracic trauma can be managed
with chest tubes and observation if it does not involve the heart
or great vessels.

In penetrating thoracic injury, the wound(s) itself typically
guides initial therapy. A knife wound into the pulmonary region
typically induces a pneumothorax, hemothorax, or both. The
wound should be covered with a nonpermeable dressing to
isolate the hemithorax from atmospheric pressure; then reex-
pansion of the ipsilateral lung may be achieved by placement of
a chest tube. A bullet wound requires assessment of entry and
exit points, which will dictate appropriate management based
on the principles articulated above.

Anesthetic Considerations for Specific Noncardiac
Thoracic Injuries

Laryngeal Injury
Direct blows to the neck can produce a “clothesline” type

injury that crushes the cervical trachea against the vertebral
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Figure 18.7. Left-sided hemothorax in the victim of a gunshot wound to
the left hemithorax. A chest tube is also in place. The hemothorax presents
as a pleural effusion on chest x-ray, and supine positioning during the
x-ray spreads out the effusion and often ablates the traditional blunting
of the costophrenic angle one would observe if the patient were in an
erect position.

bodies, transecting tracheal rings or the cricoid cartilage. Shear
forces on the trachea create damage at its relatively fixed points
– the cricoid and the carina [54, 55]. Major injuries affecting
the airway should be recognized and addressed during the pri-
mary survey. The method of choice for securing the airway in
patients with laryngeal trauma and airway compromise with
stridor is awake fiberoptic bronchoscopic-assisted intubation
while maintaining spontaneous ventilation (see Chapter 2).
Blind intubation techniques are contraindicated in the setting
of airway injury. Oversedation and neuromuscular relaxants are
also best avoided as these may result in loss of the airway. Emer-
gency cricothyroidotomy may be required. Associated injuries
include skull base or intracranial damage, open neck wounds,
cervical spine, and esophageal or pharyngeal injury [56].

Tracheobronchial Injury
Intrathoracic rupture of the trachea or major bronchi result

from great forces shearing the more mobile distal bronchi
from relatively fixed proximal structures during rapid decel-
eration. Furthermore, the cervical trachea is protected by the
mandible and sternum anteriorly and by vertebrae posteriorly.
More than 80 percent of ruptures of bronchi are within 2.5 cm
of the carina. Diagnostic findings include hemoptysis, dysp-
nea, subcutaneous and mediastinal emphysema, and hypoxia.
A large pneumothorax is present if there is free communication
between the rupture of the tracheal-bronchial tree and the pleu-
ral cavity (bronchopleural fistula). Tube thoracostomy shows
continuous bubbling of air in the water seal, and suction may
fail to reexpand the lung. The CXR demonstrates pneumoth-
orax, pleural effusion, pneumomediastinum, or subcutaneous
air. Overall, 90 percent of these patients will have extraanatomic
air seen on the admission CXR. Helical CT scan may be helpful
in establishing the diagnosis. Fiberoptic bronchoscopy should
be carried out promptly whenever tracheobronchial rupture is

suspected because it is the most reliable means of establish-
ing the diagnosis [57]. Airway management of patients with
bronchial injuries may require placement of a double-lumen
endobronchial tube or bronchial blocker (see Chapter 19). Tra-
cheobronchial injuries should be repaired surgically with tho-
racotomy as soon as possible to diminish the risk of repeated
pulmonary infections, severe bronchial stenosis, or mediastini-
tis. Resuscitation and anesthetic care are directed toward airway
control, maintenance of adequate pulmonary ventilation, and
management of blood loss [58].

Tension Pneumothorax
A tension pneumothorax develops when air enters the pleu-

ral space from the lung or through the chest wall via a “one-way-
valve”-like opening, which allows entry of air but no exit. The
progressively increasing intrathoracic pressure in the affected
hemithorax leads to complete collapse of the affected lung, shift-
ing the mediastinum toward the contralateral side, and severely
impairing central venous return. In addition to ipsilateral lung
collapse, compression of the contralateral lung occurs by the
displaced mediastinum, further impairing ventilatory capacity,
resulting in hypoventilation and hypoxemia. Decreased venous
return by elevated intrathoracic pressure leads to profound
hypotension and cardiac arrest if untreated.

Clinically, tension pneumothorax is characterized by chest
pain, dyspnea, tachycardia, hypotension, contralateral tracheal
deviation, and ipsilateral lung hyperresonance with the absence
of breath sounds. A CXR reveals widening of the intercostal
spaces and downward displacement of the diaphragm on the
ipsilateral side of the tension pneumothorax, while the trachea
and mediastinum are deviated away toward the contralateral
side. Treatment should not be delayed waiting for radiologic
confirmation. Treatment consists of immediate decompression
with a needle or tube thoracostomy. Needle thoracostomy is
a temporizing maneuver converting the injury to a less severe
simple pneumothorax. It is performed by placing a needle in the
second intercostal space in the midclavicular line. For definitive
treatment, tube thoracostomy should be performed in the fifth
intercostal space just anterior to the midaxillary line on the
affected side. If the lung does not fully reexpand after tube
thoracostomy and there is a large ongoing air leak, the airways
should be evaluated bronchoscopically to exclude airway injury.
However, in most cases, no further treatment will be required
after chest tube insertion.

A simple pneumothorax (Figure 18.8) caused by any dis-
ruption of pleural space (e.g., subclavian or internal jugu-
lar venous catheter insertion) can transform into a tension
pneumothorax, especially under general anesthesia, because
of application of positive pressure ventilation and/or the
administration of nitrous oxide. Furthermore, diagnosis of the
pneumothorax during general anesthesia is difficult, but should
be suspected when hypotension, hypoxia, elevated airway pres-
sures, absent breath sounds on the affected side with hyper-
resonance to percussion, distended neck veins, and a deviated
trachea are present. PEEP should be avoided, and nitrous oxide
is contraindicated. Chest tube placement should be strongly
considered in any patient with pneumothorax if general
anesthesia with tracheal intubation and positive pressure ven-
tilation is required. Successful observation of occult pneu-
mothoraces without tube thoracostomy has, however, been
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Figure 18.8. Chest x-ray showing right pneumothorax. A simple pneu-
mothorax can transform into a tension pneumothorax, especially under
general anesthesia, because of positive pressure ventilation and/or admin-
istration of N2O.

reported regardless of the need for positive pressure ventilation
[59].

Open Pneumothorax (“Sucking Chest Wound”)
Open pneumothorax results from a large defect of the chest

wall usually caused by a wound that creates a communication
between the pleural space and external environment. As the
size of this chest wall defect approaches two-thirds the diame-
ter of the trachea, air passes preferentially through the lower-
resistance injury tract with each respiratory effort rather than
through the normal airways. In an open or “sucking” wound
of the chest wall, the lung on the affected side is exposed
to atmospheric pressure and equilibration between intratho-
racic pressure and atmospheric pressure is immediate, result-
ing in the lung’s collapse and a shift of the mediastinum to the
unaffected side. The severe venoarterial shunting that occurs
in both lungs produces profound ventilation–perfusion mis-
match. The patient’s effective oxygenation and ventilation is
thereby severely compromised, leading to hypoxia and hyper-
carbia. This is an immediately life-threatening condition.

In the spontaneously ventilating patient, open pneumotho-
rax is initially treated by application of a sterile occlusive dress-
ing with Vaseline gauze that must be large enough to cover the
entire wound and is taped securely on three sides. This will then
act as a one-way valve so that air can escape the pleural space
but not reenter. Taping all edges of the dressing before a chest
tube is placed is contraindicated because accumulation of air
in the affected thoracic cavity will lead to the development of
tension pneumothorax.

Tube thoracostomy should be performed as soon as possible
at a remote site away from the wound. If the chest wall defect
is relatively small, the pleura may soon seal and no further
intervention is necessary. In patients with airway or breathing
difficulty, early intubation and initiation of positive pressure
ventilation should be considered. For large, open chest wall
defects, surgical debridement of dead and devitalized tissue and

closure of the wound (with or without prosthetic patch) are
often required under general anesthesia.

Massive Hemothorax
Massive hemothorax is defined as a rapid accumulation of

more than 1,500 cc of blood in the pleural space. Such a mas-
sive hemorrhage usually indicates large pulmonary lacerations
or great vessel or intercostal vessel injury. One hemithorax can
accommodate as much as 50–60 percent of the entire blood
volume. Massive hemothorax may induce hemodynamic insta-
bility by loss of intravascular volume and by decreased cen-
tral venous return with increasing intrathoracic pressure and
mediastinal shift. Hemothorax also causes respiratory compro-
mise by lung compression secondary to blood accumulation. A
trauma patient in shock, associated with the absence of breath
sounds and/or dullness on one side of the chest, should be
treated for massive hemothorax until proven otherwise. The
initial management includes the simultaneous resuscitation of
blood volume and decompression of the chest cavity with a
large (36–40 Fr) chest tube. Autotransfusion of the blood from
massive hemothorax is highly desired whenever possible. A
moderate hemothorax (<1,500 mL) that stops bleeding after
tube thoracostomy can generally be treated by closed drainage
alone. Most cases of hemothorax can be adequately treated by a
tube thoracostomy and restoration of circulating blood volume.
Bleeding from the lung generally stops within a few minutes
after lung expansion, although initially it may be profuse. An
urgent thoracotomy should be strongly considered for an initial
chest tube output of greater than 1,500 mL or with continued
bleeding of more than 250 mL per hour for more than three
consecutive hours, or requiring persistent blood transfusion
[47].

Pulmonary Contusion
Similar to the heart, the lungs can be injured by decelera-

tion forces even in the absence of bony fractures of the chest
wall. The frequency and extent of lung contusions are pro-
portional to the severity of thoracic injuries. Alveolar hemor-
rhage and parenchymal destruction are maximal during the first
24 hours after injury and usually resolve within 7 days [60].
Pulmonary contusion decreases pulmonary compliance and
increases intrapulmonary shunt fraction. Symptoms and signs
of pulmonary contusion are dyspnea, hypoxemia, cyanosis,
tachycardia, and decreased or absent breath sounds. Hemor-
rhage, edema, and microatelectasis are the morphologic conse-
quences of pulmonary contusion. CXR changes (Figure 18.9)
tend to lag behind the patient’s condition and laboratory values,
and the extent of lung injury is usually greater than suspected
radiologically. Often these injuries are self-limiting and require
only supplemental oxygen and time for healing. Occasionally,
one or both lungs may be severely injured by contusion, result-
ing in compromised alveolar gas exchange and the need for
mechanical ventilation.

Antibiotic therapy may be indicated to treat pneumonia
and other infections. Early application of continuous posi-
tive airway pressure (CPAP) improves ventilation–perfusion
mismatch, functional residual capacity, and lung compliance,
and enhances efficiency of gas exchange and spontaneous ven-
tilation [61]. Spontaneous breathing and biphasic intermit-
tent positive airway pressure (BIPAP) results in more efficient
oxygenation and ventilation than with controlled mechanical
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Figure 18.9. Bilateral pulmonary contusions in a victim of blunt thoracic
trauma.

ventilation [61]. Limiting peak and plateau pressures and tidal
volume and avoiding overdistension during mechanical ven-
tilation are important management strategies in patients with
lung injury including pulmonary contusion (see Chapter 30).
Pressure-controlled ventilation minimizes peak and plateau air-
way pressures and may help prevent barotrauma. Lung contu-
sions usually begin to resolve in two to five days if other pul-
monary complications are not superimposed. Although PEEP
and increased FIO2 are initially required, a strategy of limiting
peak and plateau pressure and of using small tidal volumes to
avoid overdistension during mechanical ventilation is applied
to the degree possible. This strategy has been associated with
improved survival at 28 days, a higher rate of weaning from
mechanical ventilation, and a lower rate of barotrauma in non-
trauma patients with early acute respiratory distress syndrome
(ARDS) [62]. The degree of metabolic acidosis at the time of
admission identifies patients with the highest probability of
developing acute lung injury after trauma [63].

Pulmonary parenchymal repair or resection, including trac-
totomy and repair, wedge resection, lobectomy, or pneumonec-
tomy, is required in less than 2 percent of blunt thoracic trauma
and 6 percent of penetrating thoracic trauma victims [64].

Pulmonary contusion should always be considered when
there is an unexpectedly high alveolar-to-arterial PO2 difference
in the course of resuscitation from or surgical repair of any tho-
racic injury. Rib fractures are often associated with pulmonary
contusion in the area adjacent to the fractures. Pneumonia and
ARDS may occur with subsequent long-term disability.

Flail Chest
When rib fractures occur at multiple sites in more than

three ribs on the same side, the chest wall in the injured area
moves paradoxically, that is, it moves inward during inspira-
tion and outward during expiration. This manifests as ineffi-
cient ventilation, and this commonly coexists with pulmonary
contusion, pneumothorax, or hemothorax. Flail chest injury
usually results from a direct impact such as lateral compres-
sion of chest wall, following a “T-bone” MVA, or anterior chest

Table 18.10: Flail Chest: Indications for Tracheal Intubation and
Mechanical Ventilation

Pulmonary Function
Criteria/Dose Indication

PaO2 ≤70 mmHg with rebreathing
mask

PaCO2 >50 mmHg

Respiratory rate >35/min or ≤8/min

Vital capacity ≤15 mL/kg

Negative inspiratory force ≤20 cm H20

PaO2/FiO2 ratio ≤200

Dead-space tidal volume ratio >0.6

FEV1 ≤10 mL/kg

Shunt fraction (Qs/Qt) >0.2

Modified from Cogbill TH, Landercasper J. Injury to the chest wall. In
Mattox KL, Feliciano DV, Moore EE, ed. Trauma, 4th edition. New York:
McGraw-Hill, 2000, pp 483–505.

compression against the steering wheel of the driver in a MVA.
Flail chest causes pain with respiratory movement, decreased
vital capacity, decreased functional residual capacity, and pul-
monary contusion. The underlying pulmonary injury can cause
shunt and ventilation–perfusion mismatch. Even in the absence
of other thoracic injury, a patient with a flail thoracic seg-
ment may require mechanical ventilation to reduce the work of
breathing (Table 18.10) [65]. Elective surgical stabilization may
be required in some cases. Adjunct techniques such as epidu-
ral analgesia or continuous thoracic paravertebral block may
allow the patient to breathe more comfortably and either avoid
or minimize the duration of mechanical ventilatory support.

Traumatic Asphyxia
Traumatic asphyxia is a rare syndrome resulting from a

severe crush injury to the thoracic wall by a very heavy object.
The crush injury produces a marked elevation in thoracic and
superior vena caval pressure. Concurrent closure of the glot-
tis further promotes a significant increase in venous pressure,
resulting in the reversal of venous flow in the valveless veins
and capillary rupture of the head and neck. The craniocervical
cyanosis, facial edema, petechiae, and subconjunctival hemor-
rhage consist of the strikingly moribund appearance of the syn-
drome. Loss of consciousness, seizures, confusion, temporary
or permanent blindness, hematuria, hemotympanum, epis-
taxis, and cerebral edema may also be seen in patients with trau-
matic asphyxia. Associated chest wall and intrathoracic injuries
are common. Treatment includes supportive care in ICU with
airway and ventilation maintenance, oxygen supplementation,
and 30◦ elevation of the head of the bed. Operative treatment
may be required for associated injuries.

Esophageal Rupture
Esophageal trauma, if unrecognized, leads to mediastinitis

and bacterial necrosis due to contamination of the mediastinal
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space by esophageal contents. Symptoms consist of excruciat-
ing pain in the epigastrium, which radiates to the chest and/or
back. Dyspnea, cyanosis, and shock may follow. Emphysema
and pneumothorax or hydropneumothorax develop, especially
in the left chest, and become visible radiologically. Rupture of
the esophagus is rare after blunt trauma but may occur after
penetrating trauma or after instrumentation of the esopha-
gus (e.g., gastric tube, intubating laryngeal mask airway, tra-
cheoesophageal Combitube, TEE probe) [66–68]. Failure to
release cricoid pressure in the presence of active vomiting dur-
ing rapid sequence intubation may also lead to esophageal
tears. Esophagoscopic visualization of localized blood in the
esophagus or an actual laceration is diagnostic. The princi-
ples in the management of major esophageal injuries are those
of early operation, one-lung ventilation, surgical debridement
and repair when possible, and wide drainage. Extensive tis-
sue destruction or associated major mediastinal contamina-
tion, such as occurs when repair is delayed by more than 12–16
hours, are indications that esophagectomy with delayed recon-
struction or esophageal exclusion and diversion should be con-
sidered.

Rib, Sternum, and Scapular Fractures
Rib fractures contribute significantly to the morbidity and

mortality associated with chest injuries. The elderly and patients
with poor respiratory reserve are particularly vulnerable. Frac-
tured ribs cause severe pain, which can be more debilitating
and harmful than the injury itself. Because pain characteris-
tically occurs with inspiration, the patient tends to splint the
chest wall and therefore hypoventilates (Figure 18.10). Pain lim-
its one’s ability to cough and breathe deeply, resulting in spu-
tum retention, atelectasis, and a reduction in functional residual
capacity. These factors, in turn, result in decreased lung compli-
ance, ventilation–perfusion mismatch, and hypoxemia. There
may be paradoxical respiration as occurs with flail chest. There

Figure 18.10. Thoracic pain interferes with efficient ventilation and
coughing and can lead to hypoxia and respiratory failure. From Orliaguet
G, Carli P. Thoracic blocks. In Rosenberg AD, Grande CM, Bernstein RL,
ed. Pain Management and Regional Anesthesia in Trauma. London: WB
Saunders, 2000, p 240.

may be associated hemopneumothoraces and pulmonary con-
tusions. Crushing injuries produce multiple fractures, the sites
being dependent on the direction of the compressing forces.
Lower rib fractures are associated with injuries to the spleen
and liver (see Chapter 10). Impacting the anterior chest on
a steering wheel during an MVA often fractures the sternum
and several ribs anteriorly on both sides. Costovertebral dislo-
cation may occur at any level. Fractures may be transverse or
oblique and the fragments can override. Occasionally a pointed
fragment can be pushed inward, tearing the pleura and under-
lying lung and causing a pneumothorax. In the elderly patient
with atrophic, decalcified ribs, fractures can result from low-
energy trauma events including minor falls or even aggressive
coughing. Failure to control pain, compounded by the pres-
ence of pulmonary contusion, flail segment, and other insults,
can result in respiratory complications, including respiratory
failure and subsequent pneumonias [69, 70].

Pain from a rib fracture can be treated by intercostal or
paravertebral block; this promptly relieves the pain and qui-
ets the labored respiration that may be accentuating paradox-
ical motion of the chest (see Chapters 31 and 35). The major
problem with a block is increased reflex bronchial secretions;
these must be removed if patients are to avoid an obstruc-
tive type of pneumonia that is particularly dangerous in the
elderly. Elderly patients with multiple rib fractures and car-
diopulmonary disease are at increased risk for complications
that lead to prolonged length of hospitalization and readmis-
sion to the hospital and surgical intensive care unit (SICU) (see
also Chapter 25) [69, 71]. Epidural analgesia provides excel-
lent pain relief for patients with multiple rib fractures and
helps facilitate an effective cough. Benefits of epidural analgesia
include improved vital capacity, functional residual capacity,
airway resistance, and dynamic lung compliance [72]. Patients
receiving continuous epidural analgesia have been shown to
have decreased ventilator days, shorter ICU stays, shorter hos-
pitalizations, and decreased incidence of tracheostomy when
compared with control-matched groups with similar injury
severity indices [73]. Intercostal nerve blocks have been utilized
for many years to alleviate rib fracture pain (Figure 18.11). The
chief limitation is that the relief of pain is temporary, lasting 6
to 12 hours or less. There is also a risk of pneumothorax. Rapid
vascular absorption of local anesthetics can occur with a risk of
toxicity. Continuous intercostal nerve blockade has also been
described [74, 75]. An interpleural catheter placed for thoracic
pain allows for continuous infusions or intermittent injections
to provide prolonged pain relief (Figure 18.12) [72]. The major
concerns with interpleural catheter placement are that the peak
plasma level of local anesthetics are relatively high and pain
relief is not achieved consistently. In addition, in patients with
thoracostomy tubes, there is a risk of suctioning the injected
local anesthetics. This risk is minimized by placing the catheter
distant from the thoracostomy tube or delaying the suction of
the thoracostomy tube for 15–30 minutes after injection of the
local anesthetic through the interpleural catheter. The use of
interpleural catheters is patient-position dependent. The tip of
the catheter can migrate in certain patients, leading to inade-
quate analgesia. If coughing is inadequate, tracheal aspiration
by catheter or by bronchoscopy and occasionally via tracheal
intubation may be necessary. The ribs usually become fairly
stable within ten days to two weeks. Firm healing with callus
formation is seen after about six weeks.
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Figure 1.6. These three pictures show a bullet entry wound (a), the path

through the liver (b), and the exit wound (c). The extent of the injury only

becomes clear at surgery or at forensic examination. On first inspection

it is often difficult to be confident about which is the entry and which is

the exit wound. Photos courtesy of PF Mahoney.

A

B

C

Figure 15.9. Intramedullary nailing of a femoral shaft fracture can be

done percutaneously. (A) A wire is placed with fluoroscopic assistance

to open the femoral canal. (B) After reduction and reaming a nail is

placed. (C) Minimal surgical trauma occurs during this procedure. This

photograph demonstrates the small wounds from the nail and the locking

bolts.
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B

Figure 15.10. (B) A spanning external fixator has been placed across the

knee joint to maintain the reduction of the knee.

A

B

Figure 15.12. (A) A young man sustained injuries including an open

dislocation of his talus. Emergent treatment was recommended to debride

the wound and reduce the dislocation. (B) External fixation was used to

stabilize the ankle and hindfoot.

Figure 16.6. Use of ultrasound for the infraclavicular block. The probe

is placed medial to the coracoid process. From Rosenberg, Andrew AD.

Current issues in the anesthetic treatment of the patient for orthopedic

surgery. ASA Annual Meeting Refresher Course Lectures, Chicago, 214:

1–6, 2006.

DeBakey type I DeBakey type II DeBakey type IIIA DeBakey type IIIB

Stanford type A Stanford type B

Figure 18.4. Schematic diagram of the Stanford and DeBakey classifica-

tion schemes for aortic dissection. Adapted from Miller R, ed. Atlas of

Anesthesia. Smith MS, Grichnik K. In Reves J, vol. ed, Cardiothoracic

Anesthesia, vol. 8. London: Churchill Livingstone, 1999, p 6.10.
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TIME = 0

        Initial labs drawn
     **Type&Cross** 

    Immediately gets 4 donors from RTD tent
      or from CSH to “prime” pump 

Additional donors
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   list ~8 at a time 
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   additional
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Figure 22.2. Example of massive transfusion protocol. A whole-blood drive could be called if the attending

surgeon or anesthesiologist decided this was appropriate. Injury patterns of two limbs plus a body cavity were

an indicator that whole blood would probably be needed as was ongoing transfusion of greater than 20 units of

packed cells, 20 units of plasma, and other components. pRBC, packed red blood cells; FWB, fresh whole blood;

FFP, fresh-frozen plasma; cryoppt, cryoprecipitate; RTD, return to duty; DCCS, damage control casualty station;

CSH, Combat Surgical Hospital.

571



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-CP CUFX276-Smith-v2 May 9, 2008 12:9

Figure 22.3. An Iraqi patient undergoes surgery on a traumatically

amputated thigh while spontaneously ventilating. He did not have

any regional anesthetic and is receiving a titrated mixture of propo-

fol, ketamine, and fentanyl mixed in one bag. Photo courtesy of

C. McFarland.

Figure 22.4. Equipment required for the Field TIVA technique described

in the box. The medications are propofol, fentanyl, and ketamine. The

drip set is 20 drops per milliliter. No anesthesia machine, infusion pumps,

batteries, or electricity are required to deliver an anesthetic in this manner,

resulting in minimal logistical impact. Photo courtesy of C. McFarland.

Figure 22.5. An soldier who suffered bilateral traumatic amputations

of the upper extremities above the elbow during Operation Iraqi Free-

dom has his pain managed with bilateral infraclavicular brachial plexus

catheters. Photo courtesy of Army Regional Anesthesia & Pain Manage-

ment Initiative.

Figure 22.6. Equipment needed for single injection or continuous

regional techniques. The StimuQuik™ insulated peripheral nerve block

needle by Arrow®, the Contiplex® Tuohy Continuous Nerve Block Set

by B-Braun, and the PainPump2® by Stryker® are among the equipment

shown. Photo courtesy of C. McFarland.
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Figure 22.7. Dr. Malchow uses a portable ultrasound to facilitate femoral

nerve block in a patient with external fixation of his femur. Photo courtesy

of R Malchow.

Figure 23.2. Conjunctival laceration with subconjunctival hemorrhage.

This is an example of a closed-eye injury.

Figure 23.3. An open-eye injury resulting from trauma from a racquet.

Figure 27.1. Full thickness facial laceration through parotid duct. Note

the difficulty in identification of the duct within the laceration.
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Figure 27.2. Propofol used to identify the duct after cannulation through

the mouth.

Figure 27.3. Complex lower facial soft tissue trauma after GSW.

Figure 27.4. After tracheostomy and flap reflection, extensive soft tissue,

hard tissue, and dentoalveolar trauma is seen.

Figure 27.5. Complex scalp degloving injury in a unhelmeted motor-

cyclist.
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Figure 27.6. Tissue realigned, and rotational flaps utilized.

Figure 27.7. Primary repair of scalp laceration.

Figure 27.13. Intraoral view of patient in trauma bay.

Figure 27.14. Clinical view of patient with maxillomandibular fixation

in place.
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Figure 27.15. A, View of GSW patient in trauma bay. Patient intubated by Life Flight prior to arrival. B, Significant hard and soft tissue damage to

lower jaw, extraoral view. C, Intraoral view of maxillary injuries.
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Figure 27.17. Six weeks postoperative view of patient with external pin-

fixation/distractor in place.

Figure 27.18. Clinical view of patient with right orbital floor fracture,

with restricted superior gaze.

Figure 27.20. Clinical view of patient in trauma bay with extensive mid-

face trauma.

Figure 27.23. Surgical exposure of a patient with a commented frontal

sinus fracture.

577



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-CP CUFX276-Smith-v2 May 7, 2008 19:3

EARLY LATE THAW

Inceased

extracellular fluid

Extracellular +/– intracellular

H2O crystallization

SYSTEMIC EFFECTS

OF COLD

Cellular dysfunction Cell death

CELLULAR EFFECTS

OF COLD

THERMOREGULATORY

RESPONSE

Hypertension,

tachycardia

Ileus

Bladder atony

Shivering

Peripheral

vasoconstriction

Stasis

TISSUE EFFECTS

OF COLD

Endothelial

injury

Hemoconcentration

Thrombosis

Gangrene

Neuropathy

Lactic acidosis

Vascular insufficiency

Interstitial edema

BullaeRhabdomyolysis

Cold diuresis,

renal failure

Shock

V/Q mismatch

J waves,

decreased contractility,

bradycardia,

arrhythmia

Cognitive dysfunction,

delirium, aphasia

amnesia, coma

Membrane

damage

Water leaves

cells

Electrolyte

imbalance

+ – –

– ++

Modified protein

structures

COLD INJURY

Rewarming

shock

Figure 29.13. Cold-induced injuries such as hypothermia and frostbite lead to thermoregulatory response (e.g., shivering and increased sympathic

activity), cellular and tissue effects (e.g., membrane damage, electrolyte imbalance, endothelial injury, and thrombosis) and systemic effects (e.g.,

shock, arrhythmia, and neuromuscular dysfunction). Reproduced with permission from reference 30.
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Figure 31.3. Ultrasound-guided supraclavicular block.

Figure 31.4. Ultrasound guided infraclavicular block.

Figure 31.8. Tunneling of catheter.

A

B

Figure 31.12. Surgeon-proof dressing.
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Figure 32.2. Supraclavicular sonogram of neural elements (n) adjacent to subclavian artery (SCA).

Figure 32.8. Sonographic anatomy of the brachial plexus in the interscalene region: Scalenus medius (SM),

scalenus anterior (SA), and sternomastoid muscle (SM). Superior (s), middle (m), and inferior (i) trunks.

Figure 32.10. Sonographic anatomy of the brachial plexus in the infraclavicular region, medial to the coracoid.
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Figure 32.11. Sonographic anatomy of the brachial plexus in the axillary region.

Figure 32.12. Diagram of cross-section at the cubital fossa showing relations of radial, median, and ulnar nerves.

Figure 32.14. Sonographic anatomy of the femoral nerve below the inguinal ligament.

581



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-CP CUFX276-Smith-v2 May 7, 2008 19:3

A

B

Figure 35.7. Thermography of the hand. (A) Computerized telethermography. (Left) Dorsal hands, (Right)

palmer hands. (B) Liquid crystal thermography. (Left) Dorsal hands, (Right) palmar hands. From Edwards BE,

Hobbins WB. Pain management and thermography. In Gay SM, ed. Practical Management of Pain, 2nd edition.

St Louis: Mosby-Year Book, 1992, pp 168–84, with permission.

C D

Figure 35.8. Example of lumbar plexus block. (C) Representation of the innervation of the lumbar plexus that

originates between L1-L2 and L5-S1 and ultimately forms the major branches of the plexus, which include the

genitofemoral nerve through the obturator nerve. (D) Demonstration of the lumbar plexus block technique that

involves advancing the needle 4 cm lateral to the spine at the level of the iliac crest. From Hadzic AJ, Vloka JD.

Peripheral Nerve Blocks. New York: McGraw–Hill, 2004, pp 219–23, figures 18.2 and 18.7, with permission.
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Figure 35.10. Implantable devices are often effective in treating severe and refractory pain conditions, including

complex regional pain syndrome (CRPS) and other neuropathic pain syndromes. Due to their invasive nature,

associated complications and expense, these devices are typically third-line treatments. (A) Implanted spinal cord

stimulator and the course of the lead in the epidural space. (B) The course of an implanted intrathecal pump.

(C) The actual implantation of an intrathecal pump. (D) Radiograph of a patient with an implanted intrathecal

pump. Figure 10A and B from Medtronic, with permission.
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Figure 35.15. Kyphoplasty. (A) The blunt dissector and the working cannula are introduced using a pedicular

approach. (B) The deflated balloon tamp is passed down the working cannula under fluoroscopic control. (C)

Inflation of the balloon tamp and reduction of the fracture. (D) Deflation of the balloon tamp. (E) Application of

the cement. (F) Removal of the working cannula. From Daniel S, Daisuke T, Isador HL. Kyphoplasty: Vertebral

augmentation for compression fractures. Clin Geriatr Med 2006;22:535–44, with permission.
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Figure 18.11. Anatomy of the intercostal space. Intercostal nerve block is
done at the site of thoracic pain and one to two segments above and below
by using local anesthetics such as bupivacaine or ropivacaine. Note the
location of the intercostal nerve (N) in relation to the artery (A) and vein
(V). With continuous infusions, local anesthetic can spread to adjacent
spaces. Extent of spread is volume dependent. Sinatra RS, Ennevor SJ.
Trauma patient with thoracic and abdominal injuries. In Rosenberg AD,
Grande CM, Bernstein RL, ed. Pain Management and Regional Anesthesia
in Trauma. London: WB Saunders, 2000, p 314.

Figure 18.12. Transverse section at the level of the intervertebral fora-
men showing the relation of the intrapleural space to the rib and inter-
costal nerve. Local anesthetic diffuses from the pleural space through the
parietal pleura and the intercostal muscle to block the intercostal nerve.
Orliaguet G, Carli P. Thoracic blocks. In Rosenberg AD, Grande CM,
Bernstein RL, ed. Pain Management and Regional Anesthesia in Trauma.
London: WB Saunders, 2000, p 242.

Postoperative Considerations Following
Cardiothoracic Trauma

After cardiothoracic trauma, patients often require support
of the respiratory and cardiovascular systems and optimiza-
tion of oxygen delivery in the ICU. Care is directed toward
management of general problems such as fluids, pain control,
nausea and vomiting, head injuries, agitation, and complica-
tions of unsuspected drug abuse. Serial CXRs, assessment of
chest tube drainage, and monitoring for complications related
to the initial trauma such as pulmonary contusion, blunt cardiac
injuries, retained hemothorax, empyema, pulmonary cavitary
lesions, and noncardiothoracic injuries (e.g., head, spinal cord,
abdominal, retroperitoneal, orthopedic, and vascular injuries)
may be necessary. Specific postcardiothoracic trauma compli-
cations include ARDS, multiple organ system failure, and sepsis,
the last two being the major late causes of death in trauma.

In patients with traumatic lung injury, the incidence of
ARDS, empyema, recurrent pneumothorax, pneumonia, bleed-
ing/hemothorax requiring reoperation, and mortality have
been found to be higher with blunt injuries (versus penetrat-
ing), low blood pressure at thoracotomy, and increasing amount
of the lung resection [64].

Postoperative complications after cardiac trauma include
intracardiac shunts, valvular lesions, ventricular aneurysms,
wall-motion abnormalities, arrhythmias, and conduction
blocks. Retained foreign body and aortocaval and aortopul-
monary fistula may also occur in survivors of penetrating car-
diac trauma.

S U M M A RY

■ With severe blunt trauma, the heart and great vessels are
most often disrupted at one of four “anchor points”: the
aortic root, the posterior left atrium, the cavoatrial junc-
tion in the right atrium, and the proximal descending
thoracic aorta.

■ Blunt trauma can cause myocardial contusion, most
often to the right ventricle, which can present as hypo-
tension and/or arrhythmia. Diagnostic findings that
tend to confirm this diagnosis include cardiac isoen-
zyme elevations, ECG changes, and TEE changes, but
there is no “gold standard” for diagnosis of this entity.

■ Penetrating wounds to the heart most often injure the
right ventricle and carry a high mortality, especially with
gunshots. The cause of death is either exsanguination
or cardiac tamponade.

■ Aortic disruptions typically occur at the attachment site
of the ligamentum arteriosum in the proximal descend-
ing aorta. These often cause immediate exsanguination,
but life can be spared if the aortic adventitia or parietal
pleura contains the rupture, in which case downstream
ischemia to abdominal organs and to the spinal cord
can result from decreased aortic blood flow before or
during surgical repair.

■ Surgical and anesthetic management of descending tho-
racic aortic traumatic disruptions is complex and typ-
ically involves partial left heart bypass and the use of
lung isolation. Avoidance of hypertension and tachy-
cardia through the use of several possible pharmaco-
logic interventions probably reduces the chance of free
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rupture into the hemithorax before the surgeon can gain
control of the injured aorta.

■ Blast injury can cause several different types of trauma,
but the most common thoracic injury is barotrauma
leading to pneumothorax, so early chest tube insertion
is often critical for those who acutely survive the blast.
Air embolus is the most frequent cause of death.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following cardiothoracic anatomic locations is
NOT an anchor point subject to avulsion from deceleration
forces during an automobile accident?

a. Junction between vena cavae and right atrium
b. Posterior left atrium
c. Proximal descending aorta
d. Aorta at diaphragmatic hiatus
e. Mitral valve annulus

2. A 21-year-old unrestrained driver experiences a decelera-
tion injury with his chest against a steering wheel in an auto-
mobile that lacks an air bag. ST segments are abnormal in
leads V1 and V2 and plasma troponin I levels are increased.
A chest x-ray shows a fluffy “butterfly” central infiltrate pat-
tern, sternal fracture, and prominent pulmonary vascular
markings. The mediastinum and cardiac silhouette appear
normal. Which of the following pathologic combinations
is most likely?

a. Pulmonary contusion and right ventricular dysfunction
b. Thoracic aortic dissection and pulmonary edema.
c. Left anterior descending coronary rupture and left ven-

tricular failure
d. Aortic root (proximal ascending aorta) rupture and peri-

cardial effusion
e. Pulmonary arterial injury and left ventricular contusion

3. A 42-year-old man who was in a domestic dispute has a
butcher knife sticking out of his chest. The knife is going
straight into the parasternal portion of the left fifth inter-
costal space. Which of the following cardiac structures is
most likely to be injured?

a. Interventricular septum
b. Lateral wall of right atrium
c. Anterior wall of right ventricle
d. Left anterior descending coronary artery
e. Apex of left ventricle

4. An unidentified and unconscious young man presents to
the emergency room with a bullet entry wound in the right
anterior fourth intercostal space and an exit wound in the
left posterior paraspinous muscles at approximately T8.
Blood pressure, 70/50; heart rate, 110; respiratory rate, 28
per minute; SPO2, 92 on face mask O2. After placing bilat-
eral chest tubes and intubation, the next action should be

a. Obtaining a chest x-ray
b. Performing a transthoracic echocardiogram

c. Obtaining a thoracic CT scan
d. Placing a radial arterial catheter
e. Change to a double-lumen endobronchial tube

5. In a blunt deceleration-type injury, the most common site
for aortic disruption is

a. Aortic valve
b. Junction of ascending aorta and innominate artery
c. Junction of subclavian artery and descending thoracic

aorta
d. Diaphragmatic hiatus
e. Bifurcation of abdominal aorta

6. The most common outcome of a traumatic aortic rupture
is

a. Long-term survival with medical management
b. Long-term survival with immediate surgical repair
c. Long-term survival with elective surgical repair
d. Delayed death from pseudoaneurysm rupture
e. Immediate death

7. Which of the following diagnostic modalities is LEAST spe-
cific for diagnosing a suspected acute traumatic rupture of
the descending thoracic aorta?

a. Magnetic resonance imaging
b. Spiral CT scan
c. Transesophageal echocardiography
d. Chest x-ray
e. Aortography

8. A 32-year-old man will soon undergo anesthesia for repair
of a traumatic dissection of the proximal descending aorta.
He has received morphine sulfate 14 mg intravenously,
which has reduced his back pain from a score of 10 of 10 to
4 of 10, and he is now sleepy unless stimulated. His blood
pressure is 174/102, heart rate is 105, and respiratory rate
is 12 per minute. Which of the following interventions is
most appropriate at this time?

a. Initiate a nitroglycerin infusion IV
b. Place a thoracic aortic catheter and administer epidural

ropivacaine
c. Administer additional morphine IV
d. Administer a dexmedetomidine loading dose IV
e. Initiate esmolol and nitroprusside IV infusions

9. A 22-year-old woman was near an outdoor explosion and
was thrown against a wall. She never lost consciousness.
Physical examination reveals impaired hearing, bruises on
her back, and no other obvious injuries. She is conscious,
dyspneic, and apprehensive. Blood pressure, 90/60; heart
rate, 110; respiratory rate, 32 per minute; room air SPO2, 86
percent without splinting or an obvious flail chest. Breath
sounds are present but somewhat diminished bilaterally.
After administering oxygen by face mask, your next action
should be

a. Intubate and initiate positive pressure ventilation
b. Perform a transthoracic echocardiogram
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c. Insert bilateral chest tubes
d. Perform a tracheostomy
e. Order a chest x-ray

10. A 25-year-old man experienced blunt trauma from a blast
injury 1 hour ago. A transthoracic echocardiogram reveals
a large pericardial effusion with diastolic invagination of
the right ventricle. Other diagnostic studies have ruled out
pleural effusion and intraabdominal blood. A subxiphoid
pericardial window is planned. Blood pressure, 80/50; pulse,
120; respiratory rate, 28 per minute. Which of the following
anesthetic options is most appropriate?

a. Rapid sequence induction and intubation followed by
positive pressure ventilation

b. Administration of nitrous oxide analgesia (60% N2O,
40% O2) by face mask

c. Local anesthesia for the surgical field accompanied by
intravenous sedation using midazolam

d. Placement of a laryngeal mask airway under propofol
anesthesia with attempts to preserve spontaneous venti-
lation

e. Thoracic epidural anesthesia
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I N T R A O P E R AT I V E O N E - L U N G V E N T I L AT I O N

F O R T R AU M A A N E S T H E S I A

George W. Kanellakos and Peter Slinger

Objectives
1. Review the indications for one-lung ventilation in trauma.
2. Describe the physiologic effects of one-lung ventilation in trauma.
3. Review the modern management of one-lung ventilation, including treatment for intraoperative

hypoxemia.
4. Discuss lung isolation techniques and relevant bronchial anatomy.
5. Discuss the advantages and disadvantages of equipment options for achieving lung isolation.

I N T R O D U C T I O N

Trauma patients that have thoracic injuries are extremely dif-
ficult to manage and require great expertise with careful clini-
cal management [1]. Other major injuries may be present and
management is made much more difficult by the urgency of
the situation. The traditional classification of blunt versus pen-
etrating thoracic trauma is important and both mechanisms
can lead to significant respiratory injury, at any level within
the tracheobronchial tree [2]. Nevertheless, all trauma algo-
rithms place the utmost emphasis on establishing a safe airway.
In thoracic trauma, this airway often means having the ability
to establish one-lung ventilation (OLV).

LU N G I S O L AT I O N I N T R AU M A PAT I E N T S

Traditionally, the approach to lung isolation has been divided
into absolute and relative indications (Table 19.1) [3]. Within
this table, there are two guiding principles that encompass all
the indications for OLV. These two categories are:

1. Lung Protection: To prevent contralateral lung soiling
against blood or secretions (pus), or to prevent further
lung injury secondary to positive pressure ventilation,
as in the case of a bronchopleural fistula or severe pul-
monary contusion.

2. Surgical Procedures: To facilitate surgical resection. In
the case of video-assisted thoracoscopic surgery, it is
essential.

Both approaches can help guide the clinician, but the deci-
sion to establish OLV should be made on a case-by-case basis.
If time permits, a discussion with members of the health care
team, particularly surgical colleagues, can be very helpful in
establishing an agreed upon treatment plan. This is because
OLV can be established by a number of techniques that can vary
significantly from patient to patient depending on the type of
injury, clinical stability, planned surgical procedure, and sur-
geon preference. One technique is not always the best. In addi-
tion, anesthesiologists themselves differ in their approaches,
often being influenced by personal experience and comfort lev-
els in various techniques [4]. It is in the best interest of the
patient that all members of the health care team agree on the
indication for OLV, as it can be associated with multiple com-
plications.

There are multiple signs and symptoms that may be present
to help guide airway management as well as the urgency for
intervention [2]. First, the patient’s normal anatomy must be
observed to determine whether intubation would be difficult
without the presenting injuries. Difficult intubations can be
unexpected in nontrauma patients and, as is often the case,
normal airways become significantly more difficult in trauma
situations. The clinician must have secondary and tertiary plans
at all times and a thorough working knowledge of the difficult
airway algorithm is essential.

Second, the presence of hoarseness, stridor, hemoptysis,
subcutaneous emphysema, mediastinal emphysema on chest
x-ray, or a persistent air leak through a chest tube are all impor-
tant signs to be recognized as they have a great impact on airway
management. These signs can indicate the presence of airway

3 0 0
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Table 19.1: Indications for Lung Isolation

Absolute Relative

Infection Surgical exposure

Hemorrhage High: thoracic aneurysm,
dissection, or rupture

Bronchial disruption or fistula High: pneumonectomy

Unilateral bullous disease High: upper lobectomy

Lung lavage Low: esophagectomy

Video-assisted thoracoscopic
surgery (VATS)

Low: middle, lower lobectomy

Differential ventilation Low: thoracoscopy

Adapted from Brodsky JB, Lemmens HJM [3].

disruption and are usually caused when high intrathoracic pres-
sure is exerted against a closed glottis. Management is compli-
cated because the location of the injury is often unknown. This
not only makes intubation more difficult, but also emphasizes
that visualization of the airway is necessary to avoid further
injury [1, 5]. Studies indicate that up to 80 percent of injuries
occur within 2.5 cm of the carina, which helps provide an area
of focus for the clinician [6, 7]. Even with this knowledge, how-
ever, bronchoscopy is necessary for confirmation, and to safely
secure the airway in these patients, it is recommended that spon-
taneous respiration be maintained at least until the airway is
definitively secured. However the airway is secured, treatment
with a chest tube should be expected as positive pressure ven-
tilation might reveal an undetected injury leading to tension
pneumothorax [8–10]. In fact, when there is a high probability
of lung injury, for example, when rib fractures are evident, it
is prudent that chest drainage tubes be placed prophylactically
prior to the initiation of positive pressure ventilation.

When the injury is high enough above the carina, estab-
lishing OLV is usually not necessary to stabilize the patient,
but it may be necessary for the surgical repair. Adequate treat-
ment usually involves passing an endotracheal tube (ETT) past
the lesion under direct vision and then ventilating normally.
When a bronchial or carinal injury is present, the management
becomes far more complicated. As mentioned previously, blind
insertion of any tube should be avoided, making the availability
of fiberoptic bronchoscopy essential. Even though the presence
of blood or secretions can make this very difficult, bronchoscopy
should always be attempted, as instituting OLV in these patients
can be critical for stabilizing the patient and beginning the heal-
ing process.

In addition to tracheal or bronchial injuries, OLV is also
necessary for other thoracic injuries. Vascular injuries vary sig-
nificantly in their management and surgical repair is often nec-
essary, especially if arterial in nature. When bleeding occurs
within the airway, lung isolation for contralateral lung pro-
tection is indicated. Stabilization of the patient often occurs
only when OLV is established, but occasionally it is not toler-
ated and oxygenation is compromised. When OLV cannot be
tolerated, many techniques can be instituted to manage hypox-
emia and these are described later in this chapter. Occasionally,
hypoxemia can only be corrected with intermittent two-lung

ventilation. Care must be taken to minimize airway pressures
because initiating ventilation to the injured lung can produce
further injury, including more bleeding, pneumothorax, and
air embolism [11–15]. Another approach includes differential
lung ventilation, with the injured lung exposed to much lower
airway pressures.

Aside from lung parenchymal vascular injuries, surgical
repair of aortic injuries is occasionally required, although most
patients do not survive long enough to tolerate surgical inter-
vention. When they do, they are usually limited to sternotomies
for the ascending aorta and thoracotomies for descending
injuries. Sternotomies rarely require OLV, but the same is not
true for thoracotomies. Surgical repair for descending aortic
surgery can greatly benefit from OLV.

Esophageal injuries account for the last main category of
thoracic trauma that requires lung isolation. Injury here is very
uncommon because of the protected location of the esopha-
gus, but it can still occur with penetrating trauma or ingestible
agents. Surprisingly, the most common cause for esophageal
injury is iatrogenic, accounting for 43 percent of all esophageal
injuries [16]. Iatrogenic injuries include nasogastric tube place-
ment, traumatic intubations or transesophageal echocardiog-
raphy. Surgical repair of midesophageal injuries often requires a
thoracotomy approach, where once again OLV is advantageous
but not critical to the repair [2].

Another select group of trauma patients that can provide
great challenges to the anesthesiologist are patients with cervical
spine injury that require lung isolation for thoracic surgical
procedures. Often the standard approach of using a double-
lumen tube (DLT) in these patients is not feasible, secondary
to greater difficulty of insertion relative to normal ETTs. Two
common approaches include the use of a bronchial blocker
placed through a more easily placed ETT or the placement of a
DLT via a tube exchanger technique. This is the ideal scenario
that highlights the anesthesiologist’s need to be familiar with
multiple lung isolation techniques.

O N E - LU N G V E N T I L AT I O N

Physiologic Effects

Ventilation and oxygenation during OLV are complex topics
that are very well described elsewhere [17–19]. To quickly sum-
marize, when compared with normal ventilation, two-lung ven-
tilation in the lateral decubitus position with the chest open
results in ventilation–perfusion mismatch. This is mostly due
to compression of the dependent lung by gravitational, medi-
astinal, and abdominal forces resulting in relatively greater ven-
tilation to the nondependent lung. Combined with decreased
perfusion to the nondependent lung secondary to gravity, the
physiologic state leads to a reduction in PaO2 and an increased
PA-aO2 gradient. When OLV is superimposed, oxygenation is
further impaired due to the increased shunt that is created. By
not ventilating one lung, one would expect a 50 percent car-
diac shunt, but this is not what is observed clinically. The mea-
sured PaO2 decreases far less than predicted and the observed
shunt measures only 20–30 percent of the cardiac output. The
most significant mechanism that accounts for this observation
is hypoxic pulmonary vasoconstriction (HPV). Factors affect-
ing HPV are numerous and beyond the scope of this chapter.
In general, the lung responds to atelectasis or a reduction
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Table 19.2: Management of One-Lung Ventilation

Step 1: Two-lung ventilation until chest opening
Step 2: Assess proper tube placement and patency
Step 3: FiO2 at 100% [23, 24]
Step 4: Tidal volume

■ Conventional: 8–12 mL/kg
■ Current: 6 mL/kg

Step 5: Respiratory rate
■ Conventional: maintain pCO2 = 40 mmHg
■ Current: “permissive hypercapnia” when extreme parameters

reached [25–28]
Step 6: CPAP of 5–10 cm H2O to nondependent lung [29–31]

■ May interfere significantly in VATS procedures
Step 7: PEEP of 5–10 cm H2O to dependent lung [22, 32]

■ Harmful if preexisting intrinsic PEEP or auto-PEEP is high
[33, 34]

Step 8: Increase CPAP to nondependent lung to 10–15 cm H2O
Step 9: Equalize PEEP to dependent lung and CPAP to

nondependent lung
Step 10: Intermittent ventilation of nondependent lung
Step 11: HFV to nondependent lung [35]

■ Although superior to CPAP, not practical due to complexity
Step 12: Inhaled nitric oxide

■ Benefit limited to patients with pulmonary hypertension [36]
Step 13: Pulmonary artery compression

CPAP, continuous positive air pressure; HFY, high frequency ventilation;
PEEP, peak end-expiratory pressure; VATS, video-assisted thoracoscopic
surgery.
Adapted from references 17 and 20.

in PaO2 by increasing pulmonary vascular resistance, leading
to a reduction of blood flow through the non-ventilated or
“hypoxic” lung. Clinically, this results in most patients easily
tolerating the V/Q mismatch introduced by OLV. In addition,
there are numerous interventions that can be applied to help
reduce the degree of hypoxemia (see next section). It should
be noted that most problems regarding OLV revolve around
hypoxemia, while the PaCO2 is significantly less affected as a
result of oxygen–hemoglobin dissociation characteristics.

Management of One-Lung Ventilation and Hypoxemia

Classic management of one-lung ventilation has been described
well by Benumof [17, 18, 20]. There have been important
updates to this approach and Table 19.2 is a summary of con-
ventional and current management techniques, adapted from
modern studies and sources. Of all the interventions listed, the
most important maneuver after ensuring an FiO2 of 100 per-
cent is the application of continuous positive airway pressure
(CPAP) to the nondependent lung. It is extremely rare for severe
hypoxemia (PaO2 < 50 mmHg) not to be corrected when CPAP
is applied [17, 21, 22]. In the operative setting, it is always
good practice to discuss starting CPAP with surgical colleagues
because it often produces minor expansion of the isolated lung.
Many CPAP equipment systems have been described in the lit-
erature. Figure 19.1 is an example of the three components that
are common to all of these systems. These include an oxygen
source, a pressure regulator, and a manometer to measure the
resulting pressure.

Figure 19.1. Components of CPAP systems. Three components of con-
tinuous positive airway pressure systems: (1) oxygen source, (2) pressure
regulator (relief valve), and (3) pressure manometer [20].

Volume Control vs. Pressure Control

Although there have been numerous advances in equipment,
one of the most important advances in OLV strategies lies in
ventilatory management. It has become more and more evident
over the past ten years that traditional OLV strategies, partic-
ularly ventilatory tidal volumes of 10 mL/kg with respiratory
rates of 8–12 breaths per minute, may actually contribute to
lung injury [37, 38]. Most patients who are relatively healthy
and require OLV are easily managed by using these traditional
volume control settings, and this has been the standard of care
for thoracic anesthesia. However, the concept of “volutrauma”
to a healthy lung can no longer be ignored and many stud-
ies have shown that healthy lungs ventilated in this manner
do release inflammatory mediators that are commonly seen in
patients with acute respiratory distress syndrome (ARDS) [39–
45]. The current debate is whether this is clinically significant
[46, 47]. Nevertheless, as a result, many authors advocate that
lung-protective strategies currently used to treat ARDS patients
should be applied to patients undergoing OLV [48–50]. Practi-
cally, this translates to much lower tidal volumes of 6 mL/kg or
lower with respiratory rates adjusted to maintain normocapnia.
In difficult ventilatory cases, an increase in pCO2 or “permissive
hypercapnia” has become an acceptable approach to help limit
the degree of lung injury secondary to volutrauma [51].

In addition to the suggested decreased tidal volumes and
airway pressures, it should be noted that there are significant
differences in the ventilation pattern between volume control
ventilation (VCV) and pressure control ventilation (PCV) set-
tings. For any given tidal volume in VCV, the same volume can
be achieved in PCV with significantly lower airway pressures
[49, 52]. This is due to the mechanical delivery characteristics
of each mode of ventilation and the interaction with lung com-
pliance. In healthy patients not undergoing OLV, this is usually
not significant because airway pressure seldom becomes ele-
vated. However, in thoracic surgical patients undergoing tho-
racotomies in the lateral position, airway pressures using VCV
can rise significantly. Peak airway pressures of 30 cm H2O and
plateau pressures of 20 cm H2O are relatively common occur-
rences. These pressures should trigger the attending anesthesi-
ologist to make adjustments, primarily by converting to PCV.
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Table 19.3: Common Options for Lung Isolation

Options Advantages Disadvantages

Double-lumen tube
1. Direct laryngoscopy
2. Via tube exchanger
3. Fiberoptically

■ Quickest to place successfully
■ Repositioning rarely required
■ Bronchoscopy to isolated lung
■ Suction to isolated lung
■ CPAP easily added
■ Can alternate OLV to either lung easily
■ Placement still possible if bronchoscopy not

available

■ Size selection more difficult
■ Difficult to place in patients with difficult

airways or abnormal tracheas
■ Nonoptimal postoperative two-lung ventilation
■ Laryngeal trauma
■ Bronchial trauma

Bronchial blockers (BB)
1. Arndt
2. Cohen
3. Fuji
4. Fogarty catheter

■ Size selection rarely an issue
■ Easily added to regular ETT
■ Allows ventilation during placement
■ Easier placement in patients with difficult

airways and in children
■ Postoperative two-lung ventilation easily

accomplished by withdrawing blocker
■ Selective lobar lung isolation possible
■ CPAP to isolated lung possible

■ More time needed for positioning
■ Repositioning needed more often
■ Bronchoscope essential for positioning
■ Nonoptimal right lung isolation due to RUL

anatomy
■ Bronchoscopy to isolated lung impossible
■ Minimal suction to isolated lung
■ Difficult to alternate OLV to either lung

Univent ■ Same as bronchial blockers
■ Less repositioning than BBs

■ Same as bronchial blockers
■ ETT portion has higher air flow resistance than

regular ETT
■ ETT portion has larger diameter than regular

ETT

Endobronchial tube ■ Like regular ETTs, easier placement in patients
with difficult airways

■ Longer than regular ETT
■ Short cuff designed for lung isolation
■ Tube is reinforced

■ Bronchoscopy necessary for placement
■ Does not allow for bronchoscopy, suctioning,

or CPAP to isolated lung
■ Difficult right lung OLV

Endotracheal tube
advanced into bronchus

■ Easier placement in patients with difficult
airways

■ Does not allow for bronchoscopy, suctioning,
or CPAP to isolated lung

■ Cuff not designed for lung isolation
■ Extremely difficult right lung OLV

CPAP, continuous positive air pressure; ETT, endotrachial tube; OLV, one-lung ventilation.

LU N G I S O L AT I O N T E C H N I Q U E S

Innovative and progressive thinkers in lung isolation have ben-
efited the modern day anesthesiologist with a surplus of options
for establishing lung isolation. What once was a major under-
taking has now become routine and should be part of the skills
of all modern day anesthesiology trainees. The options more
commonly available are summarized in Table 19.3. It is up to
the anesthesiologist to be familiar with these choices, but their
availability varies according to institution preference and bud-
get. Although double-lumen tubes might be standard in most
institutions, more specialized equipment may not be available
or may be used so infrequently that clinicians are uncomfortable
with its use. Most clinicians would agree that the gold standard
for establishing OLV is with a DLT, as compared with the main
alternative, bronchial blockers (BBs). This is based primarily
on the assumption that the quality of OLV is best when a DLT
is used. In the past this would have been considered true, but
both types of technology have undergone major improvement
in their design, making the quality of lung isolation between the

two indistinguishable in many cases [53]. In trauma patients,
DLTs become less ideal for lung isolation due to their size and
difficulty with placement in patients with compromised air-
ways. In these patients, BBs are more easily placed and become
more suitable despite their limitations. These limitations must
be considered, however, because the placement of a bronchial
blocker might be exceptional and provide excellent lung col-
lapse, but it quickly becomes useless if suctioning the isolated
lung is essential. The pros and cons of each device must be
considered to choose the optimal technique for lung isolation.

Provided that institutions are equipped appropriately, it has
been suggested that the major barrier to establishing and main-
taining lung isolation today is not the choice of equipment, but
rather the operator’s limited knowledge of bronchial anatomy
[54]. Without proper knowledge of bronchial anatomy, bron-
choscopic placement of any endobronchial tube or device is set
up for failure from the outset. Despite user preference and bias,
and contrary to popular belief, most equipment choices for lung
isolation work very well but fail when used inappropriately or
used in nonoptimal clinical situations. For example, successful
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DLT placement may be impossible when the anesthesiologist
fails to recognize anatomic variations in bronchial segments,
such as a carinal right upper lobe take-off. The failure to recog-
nize anatomic features and their interaction with lung isolation
equipment is a major barrier to successful lung isolation.

Bronchial Anatomy

As mentioned, knowledge of bronchial anatomy is critical if
lung isolation is to be successfully completed. Unfortunately,
it is a subject that is not well emphasized in medical educa-
tion and is even neglected to some degree in anesthesiology
residency training. Although, in theory, the knowledge is easily
grasped, applying or correlating that knowledge during hands-
on bronchoscopy is difficult and requires practice. A thorough
working knowledge of bronchial anatomy allows troubleshoot-
ing of problems with OLV far more efficient and safe.

There are a number of anatomic structures that must be
familiar to the bronchoscopist. Table 19.4 is a summary of these
structures with a few clinical points that can be used to help
identify them.

Fiberoptic Bronchoscopy

Fiberoptic bronchoscopy has become a vital component in pro-
viding anesthetic care to thoracic surgery patients. Although
proper functioning of endobronchial devices can be verified
clinically, their proper placement and/or evaluation during pro-
cedures can only be accomplished with bronchoscopy [55].
In addition, the placement of some devices, for example, the
Arndt endobronchial blocker, is totally dependent on the use of
a fiberoptic bronchoscope. For these reasons, every surgical pro-
cedure that requires lung isolation must have a bronchoscope
readily available. As with most procedures, to troubleshoot dif-
ficult clinical scenarios, the clinician must be totally familiar
with normal anatomy and tube placement. This is especially
true when anatomic variations arise. It is recommended that
all clinicians take every opportunity to practice bronchoscopy
and identify the anatomy whenever possible.

Bronchoscopy does not only mean becoming familiar with
tracheobronchial anatomy, the operator must also anticipate
practical problems that arise with everyday use. Other primary
reasons for technique failure are inexperience and insufficient
planning [1]. For example, during the placement of a bronchial
blocker, the operator must anticipate that an adult broncho-
scope will not be useful if the patient has a 7.0-mm endotra-
cheal tube in place. Both the blocker and the adult bronchoscope
will not fit simultaneously in this tube. Alternatively, an adult
bronchoscope provides exceptional suctioning but will not fit
within a 35 Fr DLT. It is therefore always prudent to practice the
planned procedure to minimize risk to the patient and damage
to equipment.

Equipment

Table 19.3 is a comparison chart that summarizes the advan-
tages and disadvantages of the common technology available
for lung isolation. One of the main concerns of past DLTs and
present BBs is the pressure they exert against the bronchus,
potentially leading to bronchial injury. A recent study compar-
ing the pressures exerted by the cuffs of modern endobronchial

Table 19.4: Bronchial Anatomy (Supine Patient)

Anatomical Structure Comments

Trachea and carina
1. Membranous trachea posteriorly

(dome-shaped lumen)
2. Bifurcation is sharp
3. First generation bronchi are large

and have no bifurcations in sight

Left mainstem bronchus (LMB)
1. Long, average length 5 cm
2. Bifurcation of left upper and

lower lobes not visible

Left upper lobe (LUL) and left lower
lobe (LLL) bronchi
1. Longitudinal bundles usually

more prominent into lower lobe
(dashed lines)

2. LLL-LUL carina angled
horizontally (∼8–2 clock
position)

Right mainstem bronchus (RMB)
1. Short, average length 2.5 cm

(dashed line)
2. Followed by longer right

bronchus intermedius (RBI)
3. Right upper lobe (RUL)

bifurcation visible

Right upper lobe bronchus (RUL)
1. Characteristic bronchial

trifurcation

Right bronchus intermedius (RBI)
1. Longitudinal bundles usually

more prominent into right lower
lobe (dashed lines in proximal
view)

2. Linear alignment of bronchi
(dashed line in distal view)

3. Right lower lobe (RLL) with
segmental bronchi immediately
visible

4. Right middle lobe (RML) with
segmental bronchi not visible

5. Angle of RML-RLL carina, if
followed proximally, would line
up with right upper lobe take-off
(not visible in figure)
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Table 19.5: Recommendations for DLT Size

Height <170 cm Height >170 cm
Males 39 Fr 41 Fr

Height <160 cm Height >160 cm
Females 35 Fr 37 Fr

devices shows that in all instances, these cuffs fail to exert a
bronchial wall pressure that exceeds 30 mmHg (Figure 19.2)
[67]. This, of course, assumes that cuffs are inflated with the
appropriate volumes.

Double-Lumen Tubes (DLTs)
Bjork and Carlens first described DLTs in 1950 [56]. Today

there are many manufacturers of DLTS, and since 1950 there
have been many changes made in their design [57, 58]. The
most notable change has been the introduction of highly visible,
low-pressure cuffs [59]. Today, DLTs are used routinely for lung
isolation and are considered the gold standard. Proper sizing is
important because tubes that are too small have been associated
with iatrogenic injury due to being placed too deep in the airway
or by causing bronchial injury secondary to hyperinflated cuffs
[60]. Tubes that are too large simply do not fit into the bronchus
or cause excessive swelling of the airway due to trauma. A guide
to selecting the appropriate size DLT is presented in Table 19.5.

Placing a DLT can be challenging at times but it can become
significantly more difficult in trauma patients. First, laryn-
goscopy can be more difficult due to cervical spine consid-
erations and because patients often are uncooperative. Second,
the airway itself can be compromised and as DLTs are very
large they have a greater probability of causing injury than reg-
ular ETTs. The recommended depth of insertion is 29 cm for
a patient 170 cm tall [61, 62]. When placed with a blind tech-
nique, DLT malposition can occur in approximately 30 percent
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Figure 19.2. The mean pressures exerted by endobronchial devices on
the model bronchus, under static conditions. DLT, double-lumen tube;
EBB, endobronchial blocker.

A B

Figure 19.3. Correct positioning of right and left double-lumen tubes.
(A) Right DLT. Within bronchial lumen, center channel should reveal
opening of right bronchus intermedius. Side port should show patent
right upper lobe bronchus. The bronchial cuff position should then be
checked through the tracheal lumen. (B) Left DLT. Within tracheal lumen,
the blue bronchial cuff should be slightly visible.

of patients [63]. Whenever ventilation is impaired, the anes-
thesiologist must check the position of the tube and deflate the
bronchial cuff until the problem has been corrected. It has now
become widely accepted that DLT placement should always be
accompanied by fiberoptic bronchoscopy [63–65]. It is quickly
becoming the standard of care [55]. Figure 19.3 shows the cor-
rect placement of right and left DLTs.

In the situation where the left mainstem bronchus is injured
or is the planned location of surgery, it is advantageous to use a
right-sided DLT. Placement of right DLTs is never straightfor-
ward, as the positioning must be very precise to avoid obstruc-
tion of the right upper lobe (RUL). Clinically, a quick method
to correctly place a right-sided DLT involves taking note of the
RUL location with fiberoptic bronchoscopy, advancing the DLT
past the opening, then slowly retracting the tube while rotat-
ing in the direction of the RUL orifice. Correct placement is
confirmed when the orifice to the RUL is visible through the
side opening of the DLT (Figure 19.3) and when the bronchial
cuff is successfully inflated so that the left mainstem bronchus is
unobstructed. Anomalous right upper lobe anatomy, estimated
in 1 in 250 people, is virtually the sole reason why right DLTs
fail in providing adequate lung isolation [66]. The other reason
is that the tube is easily dislodged secondary to tube, patient
position, or surgical movement.

It should be noted that a fiberoptic laryngoscope (i.e.,
GlideScope, WuScope) has quickly made its way into the prac-
tice of many anesthesiologists. It has the ability of converting
a difficult intubation into one that is easy to manage, a benefit
that can also be applied to thoracic anesthesia. Because DLTs
are more difficult to insert and trauma patients present with
unique airway challenges, it should be remembered that DLT
placement can be facilitated with the use of such a scope. The
main difficultly encountered clinically is limited space in mouth
opening. In these situations, the problem can almost always be
overcome by placing the DLT into the oral cavity prior to insert-
ing the fiberoptic laryngoscope. This decreases the potential for
cuff rupture, and when the DLT is shaped with the same cur-
vature as the GlideScope blade, the probability of successful
intubation is increased. Again, prior to advancing the DLT past
the glottic opening, fiberoptic bronchoscopy is always recom-
mended.
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A

B

Figure 19.4. Double-lumen tube (“tracheopart”) for patients with tra-
cheostomy. (A) Left DLT. (B) Right DLT. Adapted from www.rusch.com.

Another technique that is commonly used to place DLTs
in patients with difficult airways involves the use of an airway
exchange catheter. These catheters are discussed in more detail
below (see Postoperative Ventilation).

One patient group in thoracic trauma requires special con-
sideration. This is the patient with a tracheostomy who occa-
sionally requires lung isolation. There are multiple techniques
for establishing OLV in these patients. These options include
the placement of a regular ETT through the tracheostomy site
with advancement into the appropriate bronchus. An alterna-
tive to the regular ETT and a better choice is the endobronchial
tube (see Equipment). It has a flexible design and a short, distal
cuff that is better suited to lung isolation. The use of a DLT or
bronchial blocker through the tracheostomy is an acceptable
option, but it must be noted that the bulk of the equipment lies
outside the patient and may become cumbersome to manage.
It should be noted that DLTs were once available in a short
design specifically tailored to the tracheostomy patient (Figure
19.4). Unfortunately, contact with the manufacturer revealed
these tubes are no longer available.

Bronchial Blockers
Bronchial blockers consist of a very thin, relatively stiff

“catheter” equipped with an inflatable distal cuff. They are
designed to be placed within an endotracheal tube and directed
into either lung, depending on the clinical situation. Another
approach includes placing the blocker external to the ETT, but
this results in more difficult placement for successful lung iso-
lation. An addition benefit of bronchial blocker technology is
the ability to provide lobar lung isolation, which is impossible
to do with other equipment. Figure 19.2 shows how bronchial
blockers, when used appropriately with 7 mL of cuff volume

or less, exert a mean pressure less than 30 mmHg against the
bronchus wall [67]. Essentially all models available today have
this configuration with some form of modification engineered
to help direct the distal tip or balloon. Blockers have many
advantages over other choices in achieving lung isolation, which
have recently only become significant due to their technological
advances.

There is a belief that bronchial blockers provide less sat-
isfactory surgical conditions than double-lumen tubes. Many
believe this to be true and, in fact, there is probably enough
evidence in the literature to support such a claim, but only
in certain clinical scenarios. The success rate of adequate lung
deflation with BB is dependent on the operative side, for rea-
sons related to anatomy. It has been shown that the quality
of lung deflation during video-assisted thoracoscopic surgery
(VATS), which requires excellent lung deflation conditions, is
equal between left DLTs and left BB when left-sided surgery
is undertaken. With respect to right-sided surgery, left DLTs
provided surgical conditions that were described as “excellent
or fair” for all patients. In contrast, 44 percent of patients who
had right-sided surgery and received a right BB had “poor”
conditions [68]. This suggests that bronchial blockers placed in
the left mainstem bronchus and left DLTs are equally effective
in left-sided thoracoscopic surgery and presumably other left-
sided thoracic surgical procedures. It should be noted, however,
that left BB took nearly twice as long to place correctly compared
with left DLTs and were associated with a significantly greater
number of malpositions [68]. From this study, it was clear that
right DLTs were superior compared with BBs for right-sided
lung isolation.

The increased length of time to position BBs is due to a num-
ber of factors, mainly that there are multiple parts to assemble
and directing the tip of the blocker is not always straightfor-
ward. Placement is difficult unless a trained assistant is present.
This, however, is offset by the ability to continue ventilating the
patient. When directing the blocker into the desired bronchus
is difficult, one way to increase the likelihood of success is to
start with the endotracheal tube extremely high in the trachea.
Blocker shafts are relatively stiff and directing the tip is difficult.
An ETT close to the carina would require a sharp turn with the
stiff blocker, something that is extremely difficult to do with
the bronchoscope. By placing the tip of the ETT high in the
trachea, a small deflection there translates to an improved abil-
ity to direct the distal tip left or right. Table 19.6 is a summary
of the pros and cons of a few of the bronchial blockers more
commonly available.

Endobronchial Tubes
Endobronchial tubes are long single-lumen tubes that are

wire reinforced. They are equipped with a guiding stylet. They
differ significantly from regular ETTs, the main differences
being in length and cuff design. Figure 19.5 shows an older
version of an endobronchial tube with a cuff similar to that
found on regular endotracheal tubes. Newer versions of the
tube have cuffs very similar to those found on DLTs, making
them far more ideal for lung isolation. Similarly to DLTs, when
an endobronchial tube is advanced past the glottic opening, the
stylet should be removed and replaced with a fiberoptic bron-
choscope. The tube is then advanced to its final location under
direct visual guidance. In this case the bronchoscope is essential
in helping direct the tube to the appropriate bronchus.
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Table 19.6: Comparison of Common Bronchial Blockers

Arndt
■ Center channel for CPAP or suctioning
■ Tip is directed with wire loop tightly wrapped around

bronchoscope
■ Wire loop removed through center channel
■ Newer models allow wire loop to be reinserted
■ Spherical or elliptical balloon shape

Fuji
■ Center channel for CPAP or suctioning
■ Tip is directed by torquing the blocker, taking advantage of

preformed angle proximal to balloon
■ Spherical balloon shape
■ Same blocker technology from Univent tube

Cohen
■ Center channel for CPAP or suctioning
■ Tip is directed by turning wheel 90◦

■ Tip deflects in the direction of the arrow
■ Spherical balloon shape
■ Caution: Turning wheel excessively can stress the

mechanism, causing it to malfunction

Univent Tubes
The Univent tube, despite having a BB, deserves to be dis-

cussed separately because of its unique structure. As described
in Table 19.6, the Univent’s blocker has been removed by the
manufacturer and is now available as a separate unit (Fuji
Bronchial Blocker). Nevertheless, the original unit is still avail-
able and used in many institutions. It has a channel along the
main endotracheal tube that holds the blocker, and when the
tube is placed in the trachea, the blocker is advanced. It is then
directed into the appropriate bronchus under fiberoptic guid-
ance. To help facilitate tip direction, the blocker shaft is rotated

or “torqued” while advancing the blocker into the bronchus.
Further facilitation can be achieved by turning the endotra-
cheal tube or the patient’s head to one side. Once in position,
this blocker may require less repositioning than the other block-
ers, possibly due to a relatively more “fixed” position at the tip
of its endotracheal tube.

As with BBs, the main advantage of the Univent tube
is that the blocker can be removed, allowing for easy con-
version to postoperative ventilation, if necessary. It must be
remembered, however, that for any given size of Univent tube,
the outer diameter is significantly greater than for normal
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Figure 19.5. Old (A) versus new (B & C) endobronchial tubes.

endotracheal tubes. This requires the selection of a Univent
tube to be smaller, thereby reducing the internal diameter even
further and increasing airway resistance.

P O S T O P E R AT I V E V E N T I L AT I O N

The clinical management of difficult thoracic surgery cases not
only requires careful preoperative planning and technical execu-
tion, but patient disposition can be equally as challenging. The
anesthesiologist can be faced with difficult management deci-
sions regularly, especially with trauma patients, patients with
difficult airways, or patients who have had prolonged surgery
and now have airways that are compromised. The decision to
extubate these patients is not always clear, and it becomes much
more difficult in the presence of a DLT. Even if extubation is not
planned, postoperative care in an intensive care unit (ICU) can
be complicated by the fact that many of the caregivers are not
familiar with ventilatory management of a patient with a DLT.
A tube that is slightly malpositioned not only causes ventilatory
problems, but in some cases it can also jeopardize the surgical
repair.

In the rare occurrence where OLV is to be continued, it is
obvious the best course of action would be to maintain the DLT,
even in the ICU setting. The ability to suction and perform regu-
lar bronchoscopy through a DLT is critical. However, when OLV
is no longer necessary, many patients still require short-term
postoperative two-lung ventilation. Not surprisingly, anesthe-
siologists are reluctant to do this in the presence of a DLT. This
is not only due to the expertise needed to manage a DLT, but
there is also a widespread belief that DLTs have increased air-
way resistance versus regular ETTs, making spontaneous res-
piration even more difficult [57]. A recent study comparing
the airflow resistance between multiple tubes, including DLTs,
revealed that flow resistance in smaller DLTs is in fact lower
than that in corresponding single-lumen ETTs (Figure 19.6)
[69]. This study concluded that changing DLTs to single-lumen
ETTs on the basis of increased airway resistance is not necessary.

It is also interesting to note that the resistance within Univent
tubes was found to be higher than in regular single-lumen tubes,
leading to the recommendation that Univent tubes should be
replaced at the end of a case. These findings should be empha-
sized, especially in patients where reintubation is expected to
be difficult and losing the airway is a concern.

In these clinical scenarios BB technology becomes advan-
tageous. Bronchial blockers can be removed at the termination
of a case, leaving a regular ETT to provide normal postop-
erative ventilation. The risk of losing the airway is therefore
diminished, and there is a benefit of having a tube that does
not irritate the carina, as in the case of DLTs. However, BBs
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Figure 19.6. Flow resistances of single-lumen, double-lumen, and Uni-
vent tubes. Pressure differential (Pd), an indicator of flow resistance,
versus airflow in a subset of the tubes studied. The double-lumen tubes
and the Univent tube all have approximately equivalent external circum-
ferences in millimeters, shown in parentheses. These tubes could be used
clinically for a small adult patient. Two sizes of single-lumen ETTs are
shown for comparison. From [69], with permission.
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Table 19.7: Approach to Airway Tube Exchange

Steps Comments

A. Is tube exchange indicated? ■ The risk of losing the airway should never be minimized; therefore, indications for tube
exchange should always be reviewed.

B. Assemble equipment. ■ Laryngoscope (GlideScope, WuScope)
■ Endotracheal tubes (at least two sizes)
■ Airway exchange catheter
■ Lubricant
■ Dry gauze or sponge (to provide traction when rotating tube in step I below)
■ Fiberoptic bronchoscope
■ Oxygen insufflation source
■ Suction
■ Assistance for handling equipment

C. Test equipment. ■ Add lubricant liberally to catheter, internal lumen of ETT, and bronchoscope.
■ Test exchanger and bronchoscope in DLT and ETT to confirm easy passage.
■ Remove ETT and exchange catheter connectors for easier passage.
■ Attempt to insufflate oxygen through exchange catheter.
■ Ensure suction is working.
■ Confirm bronchoscope is connected.

D. Ventilate with 100% FiO2. ■ All airway maneuvers should begin with preoxygenation.
E. Ensure adequate muscle paralysis. ■ A patient that begins coughing during airway manipulation significantly reduces tube exchange

success.
F. Insert laryngoscope. ■ This provides a better “chin lift,” displaces the tongue very well, and provides a more direct

path for the tube exchange.
■ Establish a view of the larynx.
■ Apply suction, if necessary.

G. Insert exchange catheter into
patient’s DLT (or ETT).

■ This usually requires an assistant.
■ Take into consideration depth of insertion by observing markings on exchange catheter

(premeasure with an external tube, if necessary).
■ An exchange catheter advanced too deep can cause severe injuries, especially as they are very

stiff. Consider using the newest model by Cook that is equipped with a soft, flexible tip.
■ An exchange catheter not advanced deep enough risks losing the airway during the exchange.

H. Remove patient tube. ■ Care must be taken to keep exchange catheter from moving out with tube.
I. Insert new tube over exchange

catheter and advance into airway
(most difficult step).

■ Again, it is important to keep exchange catheter depth constant in order to avoid injury.
■ Care must be taken not to damage the cuff along the patient’s teeth.
■ When the tube touches the larynx, resistance will be felt. Excessive pressure here only makes

advancement more difficult and causes injury. Moderate to low pressure should be applied
while slowly rotating the tube. This allows the bevel of the ETT to “unhook” itself from the
obstruction and then it will advance. If the advancing pressure is too strong, then the distal tip
of the ETT will not rotate well. Instead, the tube itself might twist. Use gauze to help grip tube,
if necessary.

■ The obstruction is usually visible with laryngoscopy, helping to direct tube rotation.
■ Often, complete 360◦ rotation is necessary to overcome obstruction.

J. Remove tube exchanger. ■ Immediately check correct tube placement with bronchoscope, PETCO2, and auscultation.

are still used infrequently and DLTs remain the standard of
care for OLV. Many anesthesiologists therefore elect to remove
a DLT at the end of a case and replace it with a regular ETT.
If this management approach is to be taken, then safety with
airway tube exchange must be emphasized. This can be done
with relative safety, but it involves meticulous preplanning and
preparation.

Tube Exchangers

Airway tube exchange is a maneuver burdened with risk. This
cannot be overemphasized, as even attempting a tube exchange

is usually based on a known or expected difficult airway. This
scenario is common in thoracic surgery, especially in thoracic
trauma patients. Preplanning is the key principle that is critical
to a successful tube exchange. Table 19.7 presents a suggested
approach to airway tube exchanges, using the Cook Airway
Exchange Catheter, a commonly available tube exchanger espe-
cially designed for DLTs.

There are a few clinical “pearls” that can be employed to
increase the success rate of tube exchanges. First, it is always
important to apply a very generous amount of lubricant to both
the exchanger and the internal lumen of the ETT. Second, the
use of a rigid fiberoptic laryngoscope (GlideScope or WuScope)
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for assisting in a tube exchange offers many advantages [70].
The view of the larynx is greatly enhanced, and when there is
resistance at the larynx to passing a tube over the exchanger, this
view easily allows the anesthesiologist to adjust the tube appro-
priately, increasing the efficiency of success. Third, the tube
exchanger size should be chosen carefully. The largest exchanger
that fits into the smallest ETT should always be used, if possi-
ble. This allows for a smaller gap between the exchanger and the
edge of the ETT, which is the main source of resistance when
passing the ETT through the larynx. If resistance is encoun-
tered, it is almost always secondary to a laryngeal structure
(i.e., arytenoids, vocal cords) becoming lodged within this gap.
Excess pressure applied at this point only makes the tube more
difficult to pass and if excess pressure is applied, the probabil-
ity of laryngeal injury increases significantly. Success is better
achieved by applying continuous moderate pressure at the site of
resistance while slightly rotating and advancing the tube. This
allows for the bevel of the ETT to pass over the structure that
is lodged within its lumen, resulting in a loss of resistance and
tube advancement.

S U M M A RY

Lung isolation for thoracic trauma is a difficult procedure that
inherently carries plenty of risk. Meticulous preplanning and
equipment checking is necessary for smooth delivery of care.
Indications for lung isolation must always be reviewed and a
plan discussed with the surgical team. Thorough knowledge of
lung isolation techniques and bronchial anatomy is essential
since patient characteristics often dictate the best technique of
choice. When lung isolation is established and positive pressure
ventilation is instituted, care should be taken to prevent and
treat potential complications. Lung ventilation strategies that
further reduce the risk of lung injury should be employed at all
times. Intraoperative hypoxemia should always be expected and
treated appropriately. Finally, the anesthesiologist must con-
sider multiple factors when planning postoperative manage-
ment, including method of ventilation, choice of ETT, patient
location, and expected duration of intubation.

M U LT I P L E C H O I C E Q U E S T I O N S

1. A bronchopleural fistula in the left mainstem bronchus is
best managed with:

a. Univent tube
b. Bronchial blocker
c. Left double-lumen tube
d. Right double-lumen tube
e. Endobronchial tube

2. A 25 year old patient undergoing video assisted thoraco-
scopic bullectomy develops mild hypoxemia during one-
lung ventilation. All of the following are appropriate initial
interventions EXCEPT:

a. Checking tube position with fiberoptic bronchoscopy
b. Adding 5 cm H2O of PEEP to the ventilated lung

c. Increasing FiO2 to 100%
d. Adding CPAP to the non-ventilated lung
e. Adding 10 cm H2O of PEEP to the ventilated lung

3. The following are all absolute indications for lung isolation
EXCEPT:

a. Hemorrhage
b. Thoracoscopy
c. Bronchopleural fistula
d. Lung lavage
e. Video assisted thoracoscopic surgery

4. Below is an endoscopic image of the airway. Which
bronchus is the arrow pointing to?

a. Right bronchus intermedius
b. Right lower lobe bronchus
c. Left lower lobe bronchus
d. Left mainstem bronchus
e. Right mainstem bronchus

5. The white circle shows the opening of which bronchus?

a. Right upper lobe bronchus
b. Right middle lobe bronchus
c. Right lower lobe bronchus
d. Left upper lobe bronchus
e. Left lower lobe bronchus

6. The arrow is pointing to which bronchus?

a. Left mainstem bronchus
b. Right mainstem bronchus
c. Right bronchus intermedius
d. Right lower lobe bronchus
e. Right upper lobe bronchus

7. The following statements are all TRUE with respect to
double-lumen tubes and bronchial blockers EXCEPT:

a. Double-lumen tubes are more difficult to insert in diffi-
cult airways

b. Both double-lumen tubes and bronchial blockers allow
for CPAP to be applied to the non-ventilated lung

c. Both double-lumen tubes and bronchial blockers allow
for bronchoscopy of the non-ventilated lung
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d. Bronchial blockers can be used for selective lobar isola-
tion

e. Bronchial blockers provide a simple method for postop-
erative ventilation

8. The cuff of a bronchial blocker typically requires how many
milliliters of air to provide lung isolation?

a. 1
b. 3
c. 5
d. 7
e. 9

9. A spontaneously breathing patient with a severe right sided
pulmonary contusion and hemothorax is in the emergency
room. Severe hypotension occurs immediately following
intubation with positive pressure ventilation. The patient
has received 3 liters of normal saline and a chest tube that
drained only 200 mL of blood. Besides tension pneumoth-
orax, the most likely cause for the hypotension is?

a. Cardiac tamponade
b. Endobronchial intubation
c. Air embolism
d. Severe hypovolemia
e. Myocardial infarction

10. Management of one-lung ventilation includes all EXCEPT:

a. Respiratory rate of 8–12 breaths per minute
b. Tidal volume 8–12 mL/kg
c. PEEP to the dependent lung
d. CPAP to the non-dependent lung
e. FiO2 of 100%
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1. d
2. d
3. b
4. e

5. b
6. e
7. c

8. d
9. c

10. b
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B U R N I N J U R I E S ( C R I T I C A L C A R E I N

S E V E R E B U R N I N J U R Y )

Charles J. Yowler

Objectives
1. Describe the classification system of burn depth.
2. Outline the initial assessment of the severely burned patient.
3. Determine burn size using the Lund–Browder Diagram.
4. Assess the airway and the need for intubation.
5. Determine the fluid requirements for burn resuscitation.
6. Determine the requirement for escharotomy.
7. Describe the potential benefits and complications of early burn excision and grafting.

Modern advances in surgery, anesthesia, and critical care have
had a significant impact on the treatment of severe burn injuries
[1, 2]. Cohorting burn victims in specialized care burn facili-
ties resulted in clinical research studies that led to reductions
in hypovolemic shock, respiratory and renal failure, sepsis, and
malnutrition. As a result, the burn size that confers a 50 percent
probability of death in patients aged 15–45 years has increased
from 50 percent total body surface area (TBSA) in 1950 to 80
percent TBSA in 2000 (Table 20.1). Morbidity and mortality
following a major burn injury are related to age of the patient,
burn size, and the presence of an inhalation injury [3–5]. The
greater the burn size the greater the fluid and heat loss to the
environment, both of which contribute to organ hypoperfusion
and shock. The inflammatory mediator response also increases
with burn size as does the degree of immunosuppression. Bac-
terial colonization increases with the size of the open wound
and, in conjunction with the increase in immunosuppression,
results in increased risk of life-threatening burn wound infec-
tion. Inhalation injury causes pulmonary dysfunction that is
exacerbated by the large fluid resuscitation required following
major burn injury. The resultant hypoxia and impaired oxy-
gen delivery to tissue further impair organ function. Advanced
age limits the ability of the burn patient to tolerate any organ
dysfunction or subsequent infection.

Every organ is affected by the hypoperfusion and inflam-
matory mediator response [6] of the initial injury, and home-
ostasis does not return until definitive wound closure occurs,
which may take weeks for a large burn. The significant metabolic
changes that accompany a large burn persist for more than

9 months and impair return to normal function. Thus, the
patient with severe burns poses unique challenges to the inten-
sivist [7].

PAT H O P H Y S I O L O G Y

Burn depth is classified as first, second, or third degree (Table
20.2). First degree burns result from damage to the superficial
layers of the epidermis. They are characterized by erythema and
pain. No open wound is produced and fluid loss and systemic
response is minimal. First degree burns are not considered sig-
nificant and they are not considered when burn size is calculated
for fluid resuscitation. In fact, one of the primary causes of over-
resuscitation and subsequent fluid overload in burn patients is
inclusion of areas of first degree burn in estimating burn size
for resuscitation formulas. Areas of first degree burn have to be
appreciated and ignored in calculations of burn size for resus-
citation.

Extension of thermal damage to the dermis results in second
degree burns. They may be further classified as superficial or
deep second degree burns. Superficial injury results in a very
painful wound that is blistered or weeping. The wound is pink
and blanches with light pressure. This wound typically heals
within 10–20 days with minimal to no scarring if infection is
avoided. Nevertheless, areas of superficial second degree burn
exceeding 20 percent TSBA may require fluid resuscitation and
monitoring.

3 1 4
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Table 20.1: Percent of Total Body Surface Area (TBSA) Burn for
an Expected 50 Percent Mortality

Age (yr) Burn Size (%)

0–5 70–80

5–20 80–90

30–50 70–80

50–60 50–60

60–70 30–40

>77 20–30

Deep second degree burns extend to the deep dermis. The
wounds are drier and are red rather than pink. Blanching is
minimal and less pain is noted on compression of the wound.
These burns will take more than 20 days to heal and can result in
significant hypertrophic scarring. Depending on the burn loca-
tion, size, and condition of the patient, skin grafting is usually
recommended.

Coagulation of the entire dermis results in third degree
burns. These wounds may be charred or white to deep red. They
are insensate to pain, although pressure may be noted with pal-
pation. The skin is leathery in nature, and circumferential third
degree burns in extremities may compromise distal blood per-
fusion. Small third degree burns will heal by the sloughing of
skin followed by wound contracture and scarring, but burns of
significant size will require excision and grafting.

Thermal injury causes release of inflammatory mediators
that result in a systemic capillary leak syndrome and loss of
fluid and plasma proteins into the interstitial tissue. The edema
that follows this fluid leak further impairs tissue perfusion and
viability. Thus, the paradox of burn fluid resuscitation: too lit-
tle fluid causes hypoperfusion of the wound and extension of
cellular damage, whereas too much fluid causes excessive tissue
edema, which impairs perfusion and also results in extension
of injury.

The immediate hemodynamic response to a large burn is
vasoconstriction and a fall in cardiac output. The cardiac index
typically falls by 50 percent within 30 minutes of burn injury
and is independent of plasma volume. In large burns, if the fluid
loss is not immediately addressed, the combination of hypo-
volemia and impaired cardiac function will quickly lead to fatal
burn shock. Patients with preexisting cardiac dysfunction typi-
cally cannot tolerate large burns and pose unique challenges to
resuscitation. Thus, elderly patients tolerate large burns poorly.
For example, while a burn size of 80 percent TBSA in a patient
less than 45 years old has an expected survival of approximately
50 percent, a burn of 30 percent TBSA is lethal to 50 percent of
patients at age 70.

The capillary leak persists at significant rates for the initial
12–24 hours. Following adequate fluid resuscitation, cardiac
function returns to normal by 48 hours after burn injury. By
the end of the first burn week, the overall hemodynamic pic-
ture has reversed itself and the burn patient is vasodilated with
supernormal cardiac output. By postburn day 10, the cardiac
output typically plateaus at levels that approach 2.5 times pre-
dicted normal values. Cardiac output remains at significantly

Table 20.2: Burn Depth and Treatment

Burn Depth Treatment

First degree Epithelium Lotions, pain control

Superficial
second degree

Superficial
dermis

Antibiotic ointments, pain
control

Deep second
degree

Deep dermis Antibiotic ointments, pain
control, and may require
excision and grafting

Third degree To subcutaneous
tissue

Will usually require
excision and grafting

elevated levels until the wound is closed and the overall hyper-
metabolic response persists for 9–12 months.

This hypermetabolic response is primarily due to the ele-
vated catecholamine levels that follow burn injury, although
elevated cortisol and inflammatory cytokines contribute to the
response. The hypermetabolic response of high cardiac output,
low systemic vascular resistance, low-grade fever, and elevated
white blood cell count mimics the response to infection and
makes sepsis difficult to recognize in these patients. It needs
to be appreciated that an elderly patient who appears clinically
to be doing poorly, but has a “normal” invasive hemodynamic
profile following burn injury, may in fact be underresuscitated
and require further fluids or inotropic agents.

I N I T I A L A S S E S S M E N T A N D
R E S U S C I TAT I O N

The initial assessment and resuscitation of patients with life-
threatening burns are based on the principles outlined in the
Advanced Trauma Life Support program of the American Col-
lege of Surgeons. The airway and breathing are assessed and a
decision made concerning the need for endotracheal intuba-
tion (Table 20.3). Inhalation injury is suspected in any patient
exposed to smoke in an enclosed space. However, it should be
noted that more than 90 percent of patients with exposure to
smoke do not have a significant injury and do not require intu-
bation. The signs of smoke exposure such as soot in the nares
or orophaynx, singed facial hair, and carbonaceous cough, are
indications that smoke exposure occurred; they are not signs
that tracheal intubation is required. Symptoms that suggest a
significant injury requiring tracheal intubation include hoarse-
ness, stridor, dyspnea, and tachypnea. A decreased level of con-
sciousness, hypoxia, and elevated blood levels of carbon monox-
ide are other findings that may require intubation.

Laryngeal edema may occur secondary to heat or chemical
present in the smoke. Airway edema, if present, will increase for
approximately 24 hours because of the chemical irritation and
ongoing fluid resuscitation. Thus, early intubation is indicated if
hoarseness or stridor is noted on exam. Early intubation is often
not difficult and a large endotracheal tube should be placed, if
possible, as subsequent bronchoscopy is often required [8].

Carbon monoxide is produced by the combustion of orga-
nic material, and carbon monoxide poisoning may accompany
smoke exposure. Carbon monoxide binds to both hemoglobin
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Table 20.3: Indications for Tracheal Intubation

Inability to protect airway

Hypoxia

Stridor/hoarseness

Large third degree facial burns

Carboxyhemoglobin >20%

and the mitochondrial cytochrome oxidase system, resulting
in profound impairment of aerobic metabolism. Symptoms
are directly related to carboxyhemoglobin (COHgb) concen-
trations (Table 20.4). Thus, all patients with exposure to smoke
in an enclosed space should be placed on a 100 percent nonre-
breather mask until an arterial blood gas with carbon monoxide
level is obtained. Pulse oximetry is inaccurate in the presence
of COHgb because it is interpreted as saturated hemoglobin.
As the brain and heart are most sensitive to decreases in oxygen
delivery, decreased alertness and evidence of cardiac irritability
or ischemia are the earliest signs of carbon monoxide poison-
ing. In the absence of these signs, COHgb levels of less than 20
percent may be treated with 100 percent mask ventilation with
the expectation that concentrations will fall to non-toxic levels
(<10%) within 45 minutes. A COHgb level of greater than 20
percent implies an oxygen saturation of less than 80 percent
and endotrachael intubation with delivery of 100 percent oxy-
gen should be considered. The inspired oxygen content should
remain at 100 percent until COHgb levels fall to less than 10
percent and the cytochrome oxidase system returns to normal
function. This is indicated by the reversal of the accompanying
metabolic acidosis with a serum bicarbonate level of greater
than 20 percent.

The use of hyperbaric oxygen remains controversial [9].
While carbon monoxide levels fall to normal more quickly with
the use of hyperbaric oxygen, patients with large-surface-area
burns are often in shock. The only randomized trial of hyper-
baric oxygen in burn patients with carbon monoxide poisoning
had to be halted due to complications during the dives in these
unstable patients. Thus, while hyperbaric oxygen may play a
role in isolated carbon monoxide poisoning, its use is more
problematic in hemodynamically unstable patients with large
burns who are undergoing active resuscitation.

Cyanide is another asphyxiating agent that is released by
the combustion of certain organic materials. Cyanide poison-
ing should be suspected in the presence of a closed-space smoke
exposure if the patient has a profound metabolic acidosis not
explained by the arterial carbon monoxide concentrations. A
blood cyanide level of greater than 0.5 mg/L will confirm the
diagnosis. Treatment consists of intubation with delivery of
100 percent oxygen, hemodynamic support, and the use of
sodium thiosulfate and sodium nitrates as outlined in poison
references.

Other chemicals present in smoke (Table 20.5) can also
directly irritate the respiratory epithelium. Impaired function
of Type II pneumocytes results in atelectasis, whereas decreased
ciliary action results in pooling of secretions. The resulting

Table 20.4: Carboxyhemoglobin Levels versus Symptoms

Level (%) Symptom

0–10 Minimal symptoms (frequently found in heavy
smokers)

10–20 Nausea, headache

20–30 Drowsiness, weakness

30–40 Confusion, agitation

40–50 Coma, respiratory depression

>50 Death

chemical tracheobronchitis is frequently complicated by infec-
tion. Indeed, ventilator-associated pneumonia in patients with
inhalation injury is the leading cause of death in patients who
survive the initial burn resuscitation. Patients with acute res-
piratory distress syndrome (ARDS) secondary to inhalation
injury should be treated with low tidal volumes (6–8 mL/kg),
positive end-expiratory pressure (PEEP), and vigorous pul-
monary toilet [10]. Pulmonary collapse due to inspissated secre-
tions is common and frequent bronchoscopy may be required.
Steroids are not indicated and may increase the risk of pneumo-
nia. The use of prophylactic antibiotics has not decreased the
incidence of pneumonia, but has been associated with increased
risk of antibiotic-resistant infection.

Recent studies have indicated a possible role for high-
frequency ventilation in patients with significant inhalation
injury [11]. Volumetric diffusive respiration has been shown
to decrease pulmonary injury and the incidence of ventilator-
associated pneumonia in both adults and children with inhala-
tion injuries. The volumetric diffusive respiration mode uses
high-frequency percussive ventilation, which is also associated
with increased clearing of secretions. Thus, this mode allows for
delivery of oxygen at low volumes and pressures, while facili-
tating pulmonary toilet.

After the evaluation and treatment of disorders of the air-
way and breathing, the circulation must be assessed. Periph-
eral pulses may be weak or absent due to underresuscitation
or proximal circumferential third degree burns. Tachycardia is
common and may be due to pain, not hypovolemic shock. Large
peripheral intravenous access should be obtained, preferably in
areas of unburned skin. In extensive burns, it may be necessary
to place the IV through burned skin or to place central venous
lines.

Intravenous fluid should consist of lactated Ringer’s solu-
tion. Fluid resuscitation may require massive amounts of crys-
talloid solution, and the use of normal saline will result in a
hyperchloremic acidosis. Although hypertonic solutions have
been used for burn resuscitation, they have been associated with
an increased incidence of renal failure [12]. Their administra-
tion should be confined to burn centers with extensive experi-
ence in the use of hypertonic solutions.

All of the various formulas used to estimate the amounts
of fluid to be given to a burn patient are based on the TBSA
burned. Figure 20.1 represents the Lund–Browder (“Rule of
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Table 20.5: Toxic Compounds Present in Smoke

Gas Source Comments

Carbon monoxide Organic material Inhibits oxygen delivery and utilization

Carbon dioxide Organic material Decreased mental status

Nitrogen oxide Paper, wood Respiratory irritation, bronchospasm, pulmonary
edema

Hydrogen chloride Plastics Severe respiratory irritation, bronchospasm,
bronchorrhea

Hydrogen cyanide Wool, plastics Respiratory failure, inhibits oxygen utilization

Benzene Plastics Respiratory irritation, bronchospasm,
bronchorrhea, coma

Aldehydes Wood, cotton, paper Severe respiratory mucosal damage

Ammonia Nylon Respiratory irritation, bronchospasm, bronchorrhea

Acrolein Textiles, carpeting Respiratory irritation, bronchospasm, bronchorrhea

A A

1

1

13

1

B B B
Superficial

Deep

Relative percentage of areas affected by growth

B

C C C C

2

1

2
13

22

1
2

1 1
2

1 3
4 1 3

4 1 3
4 1 3

4

1 1
2

1 1
2

1 1
2 1 1

2

1 1
2

1 1
2 2 1

2 2 1
2

Region

Total burn

Head

Neck

Ant. Trunk

Post. Trunk

Right arm

Left arm

Buttocks

Genitalia

Right leg

Left leg

%

Age (years) 0 1 5 10 15 Adult

A - 1/2 of head 9 1/2

2 3/4

2 1/2

8 1/2

3 1/4

2 1/2

6 1/2

4

2 3/4

5 1/2

4 1/4

3 

4 1/2

4 1/2

3 1/4 

3 1/2

4 3/4

3

B - 1/2 of one thigh

C - 1/2 of one leg

Figure 20.1. Lund–Browder (“Rules of Nine”) Burn Diagram. Print a copy of this page for patients with burns covering large areas or multiple areas.
Complete the table to calculate the total area of burn involved. Relative percentage of areas affected by growth.
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Nines”) method to determine burn size. Surface area of various
body parts changes with age and is represented in this figure.
Another useful method to determine the size of burns that are
widely scattered is to use the patient’s palm including the palmer
aspect of the fingers. This represents approximately 1 percent
TBSA. By determining the size of the burn in relationship to the
patient’s hand an accurate estimate of burn size can be made.
Once again, only second and third degree burns are used for
the calculations.

The most widely used formula to estimate the initial fluid
requirements for a burned patient is the Parkland Formula. The
24-hour fluid requirement is estimated based on the formula:
4 mL/kg per percent TBSA burned. Half of this amount of fluid
is given in the first 8 hours following the burn with the remain-
der given over the next 16 hours. For example, a 100-kg male
receives burns covering 80 percent of his body. The formula
4(100)(80) = 32,000. The 32 L of estimated fluid are divided
such that 16 L are given over the initial 8 hours following burn
injury. Thus, the starting IV rate of lactated Ringer’s solution is
2,000 mL/hr. This example also emphasizes the complications
that can occur if this volume of normal saline solution were to
be administered.

For children, the calculation of initial fluid requirement is
more complex. A maintenance rate of D5 lactated Ringer’s solu-
tion should be administered continuously. In addition, 3mL/kg
per percent burn of lactated Ringer’s without glucose should be
administered, half of this amount in the initial 8 hours and half
over the subsequent 16 hours.

Following this initial assessment of the patient, the sec-
ondary survey should be completed. Associated injuries are
not uncommon following a significant burn injury [13]. Falls
may occur in the attempt to leave a burning structure. It is
unusual for burn patients to have alterations in mental status
unless anoxic injury, carbon monoxide poisoning, or substance
abuse has occurred. Thus, a patient “found down” at the site of
the injury may have fallen and sustained a closed-head injury.
Elderly patients may have an acute coronary syndrome sec-
ondary to the stress/hypoxia associated with the injury. A thor-
ough head-to-toe physical exam accompanied by appropriate
imaging and laboratory studies will assist in the identification
of these associated injuries and illnesses.

Preexisting chronic illnesses must be identified. Impaired
cognition is an important contributor to burn injury and a
significant percentage of severely burned patients have a his-
tory of mental illness, dementia, or substance abuse. Preexist-
ing cardiac, respiratory, or renal disease will have an impact on
the success of resuscitation of the critically ill burned patient.
Age, along with burn size and the presence of inhalation injury,
is one of the determinants of burn survival. The elderly have
thinner skin that results in deeper burns requiring grafting and
have limited reserve to survive the initial injury plus the multi-
ple complicated procedures required for burn reconstruction.
Early discussions with the patient and family will facilitate the
clinical decisions that have to be made concerning future treat-
ment plans.

Finally, the adjuncts to the primary and secondary survey
have to be performed. A Foley catheter is necessary to moni-
tor urinary output during the resuscitation. Gastric ileus often
accompanies large burn injury and a nasogastric tube may be
required. A gastric tube should certainly be placed in burns
larger than 20 percent TBSA prior to transport to a tertiary

burn center to reduce the incidence of emesis with aspiration.
All burn injuries are considered contaminated by the American
College of Surgeons and it is recommended that tetanus toxoid
be administered in the absence of immunization in the 5 (not
10) years prior to burn injury.

T H E F I R S T 2 4 H O U R S

Determination of ongoing fluid requirements is one of the
most difficult tasks confronting the burns surgeon/intensivist.
The administration of excess fluid to a patient with signifi-
cant inhalation injury will result in further pulmonary edema,
hypoxia, and mortality. However, underresuscitation will result
in organ hypoperfusion and increase in pulmonary injury,
hypoxia, and mortality. This is one of the many reasons that
critically ill burn patients have improved outcomes when trans-
ferred to burn centers with experience in burn resuscita-
tion.

Resuscitation of the burn patient is a continuous process
that will last 24–36 hours. As the capillary leak syndrome
resolves at approximately 12 hours following burn injury, the
fluid requirements of the patient will change. This is reflected in
the fluid usage estimated by the Parkland Formula. It must be
emphasized, however, that the Parkland Formula was derived
from the mean fluid requirements of a large number of patients
in a retrospective review. Any formula is merely an estimate;
actual fluid administration must be based on the individual
response of each patient to the resuscitation.

Urinary output is the most reliable guide to the adequacy of
resuscitation. In the adult, the goal is 0.5 mL/hr; in children less
than 30 kg, the goal is 1 mL/hr. Again, it must be emphasized
that urinary outputs significantly greater than these recom-
mendations reflect excess fluid administration that will nega-
tively affect respiratory function. Urinary output may initially
be unreliable in patients with alcohol intoxication or chronic
diuretic use. Serial measurements of central venous pressure
may offer additional information. However, central venous
pressures of 4–6 mmHg may be adequate in healthy adults with
acceptable urinary outputs.

As noted previously, cardiac output decreases immediately
following large burns. This period of decreased cardiac function
persists for approximately 48 hours and the typical hyperme-
tabolic response to burn injury is present at 5–7 days following
burn injury. This period of cardiac dysfunction can become
critical in the patient with preexisting compromise of cardiac
function. A pulmonary artery catheter may be required to assess
the adequacy of resuscitation in patients with preexisting heart
or renal disease, age over 65 years, or severe inhalation injury.
Fluid requirements greater than 6 mL/kg per percent TBSA are
unusual, and placement of a pulmonary artery catheter may
be needed to rule out unexpected cardiac dysfunction as an
etiology for low urine outputs.

After the first 24 hours, increased fluid requirements are
primarily due to evaporative loss from the open burn wound
and not from third space loss. This evaporative fluid is primarily
solute-free water, and intravenous fluids must replace this free
water. Solutions such as half-normal saline are appropriate with
rates chosen to support the goal urine outputs. By this time,
enteral nutrition has usually been started and enteral volumes
must be calculated into total fluid requirements.
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WO U N D C A R E

The burn wound consists of three zones. The surrounding
zone of hyperemia consists of minimally injured skin, which
becomes quickly hyperemic as angiogenesis occurs in attempts
to heal the wound. The central zone of coagulation consists of
necrotic tissue that will either be surgically excised or will slough
with time. The intervening zone of stasis consists of injured cells
that may either heal with time or proceed to die with further
deeper conversion of the wound over the 24–48 hours following
burn injury. The goal of fluid resuscitation and wound care is
to maximize the viability of the zone of stasis.

Prolonged exposure of dermal and subdermal tissues will
result in desiccation of these layers. Necrotic tissue in the wound
serves as a nutrient layer for invading bacteria. Thus, the burn
wound must remain moist and must be protected from bacte-
rial overgrowth. Antibacterial ointments or emulsifications of
antibiotics serve both to moisten and protect the burn wound.

Small, superficial second degree burns may be treated with
any over-the-counter antibacterial ointment. However, burns
large enough to require hospitalization have an increased risk of
infection and require more effective agents. Silver sulfadiazine
is commonly utilized. It is an effective antibiotic with minimal
side effects. It commonly will cause neutropenia, but this usually
resolves by the end of the first burn week and has not been
associated with an increase of infections. It cannot be utilized
in patients allergic to sulfa drugs and Pseudomonas strains have
been isolated that are resistant to its use. It inhibits epithelial
cell replication and delays wound healing; thus it cannot be
recommended for use in superficial second degree burns that
have a low risk of infection.

Mafenide acetate cream is another agent effective against a
broad spectrum of bacteria. Its primary advantage is its absorp-
tion into tissue making it an effective agent in areas of third
degree burns. However, it is painful if applied to areas of sec-
ond degree burns. It is a carbonic anhydrous inhibitor and its
use on large surface areas will result in a metabolic acidosis. It
is available as a solution that causes minimal pain or acidosis.
The cream is especially useful in areas of cartilage (ears, nose,
etc.) where its absorption prevents invasive chondritis.

There are a number of products on the market based on the
antibacterial properties of silver ion. Their advantage lies in the
fact that the dressings are efficacious for a period of days follow-
ing application, thus reducing the labor of burn care dressing
changes. Silver ion is effective against all bacteria and fungi.
However, it does not penetrate thick eschar or intact tissue,
limiting its usefulness in established burn wound infections.

E S C H A R O T O M Y

Third degree burns are hard and nonelastic. Circumferential
third degree burns of an extremity can act as a tourniquet and
decrease blood flow to the distal limb. An escharotomy is an
incision through the third degree eschar to subcutaneous tissue
that relieves the constriction. It is indicated in the presence of
a circumferential third degree burn with evidence of vascular
compromise (diminished distal pulses, parathesias, abnormal
capillary refill, etc.). It is essential that the incision be extended
through the entire distance of the third degree component of
the burn because even a 1-cm length may act as a tourniquet.

In a similar manner, circumferential third degree burns
of the chest may compromise chest wall excursions, resulting
in increased peak airway pressures, hypercapnia, and hypoxia.
This effect will be exacerbated in the presence of significant
inhalation injury. An escharotomy of the chest may be required
to restore chest wall compliance.

C O M P L I C AT I O N S O F R E S U S C I TAT I O N

There has been a trend toward more aggressive fluid resuscita-
tion in the past decade. Whether this “fluid creep” is beneficial
or detrimental is debatable. (14) One line of thought suggests
that we have been historically under resuscitating many of the
patients with severe burns. The countering opinion is that more
fluids are being given in response to the increased usage of
invasive hemodynamic monitoring devices despite the lack of
evidence-based studies to support their use in the burn popu-
lation. Whichever argument is correct, there is no question that
there has been an increase in complications due to increased
fluid use.

Compartmental syndromes may affect either the muscle
compartments of the extremities or the abdomen [15, 16]. Mus-
cle compartmental syndromes may occur in an extremity with
deep burns in the presence of a large fluid resuscitation and
muscle compartment pressures should be obtained. If pressures
are elevated above 30 mmHg, an escharotomy should be per-
formed. Deeply burned extremities with associated fractures
may require a fasciotomy (see also Chapter 15).

An increasing incidence of abdominal compartment syn-
drome has also been noted. Recent reports suggest that children,
patients with circumferential abdominal burns, and patients
with fluid requirements exceeding 6 mL/kg per percent TBSA
burn are at risk for abdominal compartmental syndrome and
should have abdominal pressures monitored via Foley catheters.
If these pressures are elevated above 30 mmHg (some utilize
20 mmHg) the abdominal pressure should be relieved. In the
setting of burn resuscitation, this may be accomplished by place-
ment of a peritoneal dialysis or diagnostic peritoneal lavage
catheter and aspiration of abdominal fluid. If the pressures
remain elevated after fluid aspiration, a decompressive laparo-
tomy is required. The resultant open abdomen further compli-
cates fluid management and peritonitis can develop, especially if
an adjacent abdominal burn wound becomes heavily colonized
with Pseudomonas.

E A R LY B U R N E XC I S I O N

Advances in resuscitation and topical antibiotics made it pos-
sible for patients with large surface area burns to survive two
to three weeks following burn injury. However, a large number
of patients eventually succumbed to invasive burn infections as
surgeons waited for the burn wound to demarcate and slough
prior to grafting. Advances in anesthesia and blood banking
made it possible in the mid-1970s to attempt early excision and
grafting of large surface area burns.

The advantages of early burn excision include decreased risk
of infection, improved cosmetic result secondary to decreased
hypertrophic scarring, decrease in hospital length of stay, and
decreased mortality. However, performing a major excision in a
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recently resuscitated patient who remains twenty or more kilo-
grams above his dry weight, has significant pulmonary com-
promise secondary to inhalation injury, and has an expected
operative blood loss that will exceed one total blood volume
presents obvious challenges to the operative team.

While topical antibiotics are routinely employed, they can-
not totally eliminate colonization of large burn wounds. There-
fore, systemic antibiotics are avoided to reduce the risk of
selecting out resistant organisms. Clinical studies have found a
20–40 percent incidence of bacteremia during burn excisions;
therefore, prophylactic preoperative antibiotics are routinely
employed. The selection of the appropriate antibiotic depends
on each unit’s biogram along with routine preoperative wound
cultures. Gram-positive organisms predominate in the wound
early after burn injury, with gram-negative species (especially
Pseudomonas) becoming more common during the second
week following burn injury.

Burn excision often requires exposure of the entire patient
since areas that are not being grafted may be needed as donor
sites. Maintenance of body temperature becomes a priority
since hypothermia exacerbates the coagulopathy that will occur
due to the expected massive blood loss that invariably accom-
panies a large early excision. The operating room needs to be
heated to near body temperature prior to the arrival of the
patient and external heating devices should be applied to areas
not needed for the surgical procedure.

As noted previously, blood loss may be massive [17]. This
may be underappreciated since the blood does not enter suction
canisters but instead lies on surgical sponges, drapes, and the
floor. Close coordination between the surgeon and anesthesi-
ologist is required to appropriately determine blood loss and
appropriate transfusion requirements.

S U M M A RY

The burn unit with its multidisciplinary approach to resuscita-
tion, inhalation injury, infection, nutrition, burn excision, and
reconstruction has served as a model on which later specialty
care units were organized. Research in the areas of “skin sub-
stitutes,” [18] novel methods of mechanical ventilation, and
amelioration of the hypermetabolic response [19] will invari-
ably result in further improvements in outcome.

M U LT I P L E C H O I C E Q U E S T I O N S

1. All of the following increase mortality after burn injury
except:

a. Increasing age
b. Increasing burn size
c. Female gender
d. Presence of inhalation injury

2. Larger burn size is associated with all of the following except:

a. Increased heat loss
b. Increased immune response
c. Increased fluid loss
d. Increased risk of burn infection

3. Which of the following statements is true?

a. First degree burns are included in estimates of burn size
for burn resuscitation.

b. All second degree burns heal with minimal scarring.
c. Circumferential second degree burns usually require

escharotomy.
d. Third degree burns will usually require excision and

grafting.

4. The hemodynamic response following burn injury is char-
acterized by:

a. Immediate vasodilation and increased cardiac output
b. Immediate vasoconstriction and decreased cardiac out-

put
c. Late vasoconstriction and increased cardiac output
d. Late vasoconstriction and decreased cardiac output

5. The hypermetabolic response following burn injury:

a. Begins immediately following burn injury
b. May make it difficult to recognize sepsis
c. Returns to normal within 4–6 weeks
d. May be eliminated by adequate resuscitation

6. Which of the following statements concerning inhalation
injury is false?

a. It should be suspected in patients exposed to closed-space
fires.

b. It may be associated with elevated carbon monoxide
levels.

c. It may increase the fluid requirement for resuscita-
tion.

d. All patients with wheezing require intubation.

7. Carbon monoxide poisoning is:

a. Present with COHgb levels greater than 5 percent
b. Detected by pulse oximetry
c. Suspected in patients with altered consciousness
d. Treated by intubation and maintenance of oxygen satu-

rations greater than 90 percent

8. The adequacy of burn resuscitation is best determined by:

a. Urine output
b. Invasive hemodynamic parameters (cardiac output, pul-

monary wedge pressures)
c. Pulse
d. The Parkland formula

9. Burn patients at increased risk for abdominal compartment
syndrome include:

a. Elderly patients
b. Abdominal burns
c. Inhalation injury
d. Fluid requirements greater than 6 mL/kg per percent

burn



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-20 CUFX276-Smith-v2 May 12, 2008 17:36

B U R N I N J U R I E S ( C R I T I C A L C A R E I N S E V E R E B U R N I N J U R Y ) ■ 3 2 1

10. Systemic antibiotics:

a. Are given for the initial 10 days following burn injury
b. Are given for the initial 10 days only if inhalation injury

is present
c. Are given preoperatively prior to burn excision
d. Are given empirically for fevers greater than 38.5◦C

A N S W E R S

1. c
2. b
3. d
4. b

5. b
6. d
7. c

8. a
9. d

10. c
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A N E S T H E S I A F O R B U R N S

Jessica Anne Lovich-Sapola

Objectives
1. Understand the pathophysiology of a burn patient, including airway, respiratory, cardiac, hema-

tologic, liver, and gastrointestinal functions, nutrition, metabolism, electrolyte abnormalities,
thermoregulation, immune suppression, and renal function.

2. Understand the preoperative requirements for surgery, including a thorough history and phys-
ical, proper laboratory tests, appropriate intravenous access, and preoperative medications.

3. Understand the surgical process of wound care, excision and grafting, and alternative skin care.
4. To safely administer intraoperative anesthetic management, including proper monitor selection,

thermal regulation, ventilation, maintenance anesthesia, and calculation of the estimated blood
loss during the excision.

5. To give appropriate postoperative care, including the management of the airway and chronic
pain control.

I N T R O D U C T I O N

Burn injury is regarded as one the most costly and challeng-
ing of all trauma care [1]. The skin is the largest organ of the
human body, and it plays a very important role in physiology
and the maintenance of body homeostasis. A large burn can
alter the ability of almost all of the body’s organs and signif-
icantly increase the patient’s risk for infection [2]. It is esti-
mated that about 1 million burn injuries are treated per year,
with about 50,000 requiring hospitalization, and about 6,000
related deaths [1, 3, 4]. About one third of all burn admis-
sions to the hospital are children under age 15 years, and about
2,000 of the burn-related deaths annually are in children [2].
Mortality is high with burn injuries, but in recent years there
has been a significant improvement in survival secondary to
the development of multidisciplinary burn teams, early and
aggressive surgical treatments, advances in critical care, and
improved understanding of burn pathophysiology [3, 4]. This
chapter reviews the pathophysiology of burns and the role of
an anesthesiologist in the preoperative, surgical, intraoperative,
and postoperative management of burns.

PAT H O P H Y S I O L O G Y O F B U R N S

Airway

Upper airway inhalation injury is usually due to a heat injury
that leads to swelling and upper airway obstruction secondary

to edema of the posterior pharynx and supraglottic regions
[2]. Inhalation airway injury can occur after the inhalation of
superheated air or steam and other toxic compounds found
in smoke [3]. Chemical products of smoke include ammonia,
nitrogen dioxide, sulfur dioxide, and chlorine [3]. Theses chem-
icals dissolve in the airway to form acids that irritate the mucous
membranes [3]. Patients with significant burns to the face and
neck are at increased risk of airway injury [2]. Signs that are
highly indicative of smoke exposure include facial burns, airway
soot, carbonaceous sputum, and singed nasal hair [1]. Patients
with increasing respiratory rate, increased secretions, stridor,
dyspnea, use of accessory muscles, dysphagia, and progressive
hoarseness have likely sustained significant inhalational injury
and require emergent tracheal intubation because of impending
airway obstruction (Table 21.1) [2, 3]. It is important to note
that a patient with minimal airway distress should be questioned
as to the events associated with the burn, the patient’s name and
information, medical history, allergies, surgical history, medi-
cations, and other pertinent information prior to manipulation
of the airway.

The airway can also be assessed by arterial blood gases,
chest x-rays, fiberoptic bronchoscopy, fiberoptic laryngoscopy,
and fiberoptic nasopharyngoscopy used in conjunction with
flow volume curves. A carbon monoxide level of more than
15 percent strongly suggests smoke inhalation injury [1]. A
chest x-ray (CXR) is rarely helpful initially, because the lung
pathology of inhalation injury often lags by 6 to 24 hours,

3 2 2
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Table 21.1: Symptoms and Signs of Smoke Exposure and
Inhalation Injury

Smoke exposure
Soot in nares
Singed facial hair
Carbonaceous sputum

Inhalation injury
Increasing respiratory rate
Increased secretions
Stridor
Dyspnea
Use of accessory muscles
Dysphagia
Progressive hoarseness

Purdue et al. [2]; MacLennan et al. [3]. See also Table 21.4.

but it is good for a baseline examination of the patient’s lungs
[3]. In one study, it was found that in patients with obvious
serious inhalation injury, 84 percent of the patients had an
abnormal CXR at 48 hours [5]. The value of bronchoscopy
in early diagnosis of inhalation injury when combined with
histologic findings proved to be sensitive and specific for the
diagnosis of inhalation injury [6]. The technique of fiberop-
tic laryngoscopy has the ability to evaluate the upper airway
injury directly and determine the need for immediate intuba-
tion. Often, patients evaluated by fiberoptic laryngoscopy do
not require immediate intubation and could be watched seri-
ally with multiple fiberoptic examinations, therefore potentially
avoiding the complications associated with prolonged intuba-
tion [7]. In multiple studies using serial flow-volume curves and
fiberoptic nasopharyngoscopy to assess inhalation injury it has
been found that upper airway obstruction decreases inspiratory
but not expiratory flow. With more severe injury, inspiratory
and expiratory flows decrease. None of the patients with stable
or increased flow rates required intubation [3, 8].

Other indications for immediate intubation include cardio-
vascular instability, central nervous system (CNS) depression,
and massive burns of greater than 60 percent of total body
surface area (TBSA) (Table 21.2) [1]. In general, it is always
best to intubate early rather than late. With time and treatment
of the patient with massive fluid resuscitation, the likelihood
of airway edema significantly increases [3, 9]. It is important
to evaluate the patient airway for potential difficulty of intu-
bation prior to any airway manipulation. The following con-
ditions should raise one’s suspicions of a potentially difficult
airway independent of the burn injury. These include (1) full

Table 21.2: Indications for Immediate Tracheal Intubation

Cardiovascular instability

Central nervous system depression

Massive burns greater than 60% of total body surface area

Symptoms of impending airway obstruction

Blanding and Stiff [1].

Table 21.3: Potential Difficult Tracheal Intubation

Full stomach

Emergency situation

Cervical collar in place

Abnormal anatomy

Physical exam including:
Thick neck
Small mouth opening <4 cm
Beard
Poor dentition
Protruding teeth
Short muscular neck
Receding mandible
Decreased motion of temporomandibular joint (TMJ)
High arched palate
Thyromental distance <6 cm
Mallampati 3–4
Large tongue
Limited neck range of motion

Morbid obesity

Pregnancy

Barash et al. [10]; Wilson and Benumof [9]. See also Chapter 2.

stomach, (2) emergency situation, (3) cervical collar in place,
(4) abnormal anatomy, and (5) physical exam, including thick
neck, small mouth opening of less than 4 cm, beard, poor denti-
tion, protruding teeth, short muscular neck, receding mandible,
decreased motion of temporomandibular joints, high arched
palate, thyromental distance of less than 6 cm, Mallampati 3–4,
large tongue, and limited neck range of motion (see Chapter 2)
[9, 10]. Patients who are morbidly obese can be very difficult
to ventilate. The large head and face make it difficult to mask
ventilate, and the patient does not tolerate laying supine due to
decreased functional residual capacity and decreased respira-
tory compliance [9]. Also, a pregnant patient is at risk for a dif-
ficult intubation secondary to the anatomic changes that occur
with pregnancy, including pharyngolaryngeal edema, weight
gain, enlarged breasts, full dentition, and the propensity for
rapid arterial oxygen desaturation (Table 21.3) [9].

Tracheal intubation of a patient with a normal-appearing
airway is usually accomplished with a rapid sequence intuba-
tion by using an intravenous induction drug and a rapid-acting
muscle relaxant [3]. Succinylcholine is generally considered
to be safe in the first 24 hours after a burn [3]. Rocuronium
is a good alternative to succinylcholine during the initial 24
hours and can also be given safely after this initial period [3].
Preoxygenation is done with 100 percent oxygen prior to air-
way manipulation to ensure a good oxygen reserve during the
patient’s period of apnea [9]. It is important to remember that,
if the patient has a cervical collar in place, the patient will
require manual in-line stabilization during the airway manipu-
lation [9]. Once the endotracheal tube is in place it is important
for it to be adequately secured. Unfortunately, the burned face
often makes this difficult secondary to topical wound agents,
continual swelling and edema of the face and neck, and fluid



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-21 CUFX276-Smith-v2 May 12, 2008 17:37

3 2 4 ■ L O V I C H - S A P O L A

extruding through the facial burn [2]. Often, the endotracheal
tube is secured with umbilical tape that must be reevaluated
regularly to ensure that it does not get too tight and cause soft
tissue necrosis [2]. Patented fixation devices can also be used
[2]. Alternatively, the surgeon may wire the endotracheal tube
to the patients jaw and teeth.

Tracheal intubation of a patient with an abnormal air-
way is often secured with the patient awake [3]. The most
important things to remember during an awake intubation
are topical anesthesia, proper patient positioning, and supple-
mental oxygen [3]. Minimal intravenous opioids are recom-
mended because excessive opioid sedation may worsen the air-
way obstruction [3]. The safest technique for endotracheal tube
placement depends on the operator’s expertise [3]. Alterna-
tives include flexible fiberoptic scope, Bullard scope, Wu scope,
laryngeal mask airway, Glide Scope, and Combitube. If the
patient will not cooperate with an awake intubation, then con-
sider taking the patient to the operating room for an inhalational
induction with continued spontaneous ventilation, or a surgical
airway including retrograde techniques, transtracheal jet venti-
lation, cricothyroidotomy, or tracheostomy [3, 9]. Inhalational
induction with oxygen and Sevoflurane is often necessary for
children.

It is important to remember that the burn patient not only
has initial airway concerns, but also may have a compromised
airway for life. These patients often require frequent reconstruc-
tive surgeries long after the initial insult. Patients with healed
burns of the neck, face, and chest may develop scar contractures
that make direct laryngoscopy difficult [9]. These patients also
have a high incidence of laryngeal and tracheal strictures and
bronchial stenosis caused by the inhalation injury and pro-
longed intubation [9].

Respiratory Physiology

The initial concern regarding respiratory physiology in a burn
patient is the presence of an inhalation injury. The incidence
of inhalation injury in hospitalized patients varies from 5 to
35 percent [3]. Predictive indicators of an inhalation injury
include history of a closed-space fire, impaired mental status,
loss of consciousness, associated drug or alcohol use, facial
burns, airway soot, singed nasal hair, abnormal finding on
the nasopharyngoscopy and bronchoscopy, airway edema, car-
bonaceous material in the airway, abnormal flow-volume loops
showing extra thoracic obstruction, and an elevated carbon
monoxide level greater than 15 percent (Table 21.4) [1, 3, 4].

The first phase of inhalation injury may include asphyxia
and acute toxicity [1]. Asphyxia occurs secondary to the lack
of oxygen during combustion [1]. Acute toxicity occurs with
the inhalation of carbon monoxide and cyanide [1]. In anyone
with a burn injury, it should be presumed that the patient will
have some degree of carbon monoxide and cyanide poisoning
[1].

Carbon monoxide is a by-product of combustion [1]. It
is responsible for 80 percent of deaths associated with smoke
inhalation and accounts for the majority of deaths that occur
at the scene of the fire [3, 4]. Carbon monoxide has an affinity
for hemoglobin that is 250 times greater than oxygen [1, 3, 4].
Carbon monoxide preferentially binds with the hemoglobin
molecule and prevents oxygen from loading onto the molecule
[1]. This causes a leftward shift on the oxygen dissociation curve,

Table 21.4: Predictive Indicators of an Inhalation Injury

History of a closed-space fire

Impaired mental status

Loss of consciousness

Associated drug or alcohol use

Facial burns

Airway soot

Singed nasal hair

Abnormal findings on nasopharyngoscopy or bronchoscopy

Airway edema

Carbonaceous material in the airway

Abnormal flow-volume loops

Elevated carbon monoxide level >15%

Blanding and Stiff [1]; MacLennan et al. [3]; Ramzy et al. [4].

impairing oxygen delivery and unloading at the cellular level [1,
3, 4]. This results in tissue hypoxia and metabolic acidosis [1,
3, 4].

Carbon monoxide poisoning can be diagnosed with an arte-
rial blood gas and measurement of carboxyhemoglobin lev-
els with co-oximeter blood analysis [1, 11]. The pulse oxime-
ter saturation and arterial oxygen saturation may be normal
and misleading. [3, 4] Pulse oximetry interprets the carboxyhe-
moglobin as oxyhemoglobin, therefore giving a falsely elevated
SpO2 [3, 4]. Mixed venous oxygen saturation monitoring does
not detect the presence of carboxyhemoglobin and progres-
sively overestimates fractional oxyhemoglobin and carboxyhe-
moglobin increases [11]. It is also important to note that the
patient with carbon monoxide poisoning will manifest no signs
of peripheral cyanosis secondary to their characteristic “cherry
red” appearance [4]. At a carbon monoxide level of less than 15
percent, the patient rarely has any signs or symptoms, but at 15
to 20 percent, the patient will likely have a headache, tinnitus,
and confusion [1, 3]. At a carbon monoxide level of 20 to 40
percent, the patient will have nausea, fatigue, and disorienta-
tion, and at 40 to 60 percent the patient will have hallucinations,
display combativeness, and cardiovascular instability, followed
by death when the levels are greater than 60 percent (Table 21.5)
[1, 3]. The treatment consists of the administration of 100 per-
cent oxygen by using a face mask or endotracheal tube [1, 4].
The high concentrations of oxygen accelerate the dissociation of
carboxyhemoglobin by 50 percent every 30 minutes [1]. This
decreases the half-life of carboxyhemoglobin by nearly a fac-
tor of four compared with the half-life when breathing room
air [3]. Although it is rarely clinically practical, some hospitals
have access to hyperbaric oxygen therapy, which is thought to
accelerate the dissociation more quickly [1]. Hyperbaric oxygen
appears to be most useful in patients who are comatose with car-
boxyhemoglobin levels greater than 30 percent [3]. Hyperbaric
oxygen treatment is not recommended in patients with greater
than 40 percent TBSA burns if it will delay fluid resuscitation
[3].
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Table 21.5: Signs and Symptoms Associated with Specific
Carbon Monoxide Levels

Carbon
Monoxide Level Sign or Symptom

<15% Rare

15–20% Headache, tinnitus, and confusion

20–40% Nausea, fatigue, and disorientation

40–60% Hallucination, combativeness, and
cardiovascular instability

>60% Death

Blanding and Stiff [1]; MacLennan et al. [3].

Cyanide is produced by the combustion of plastics;
polyurethane, polyacrylonitrile, and acrocyanate glue are found
in laminates and are inhaled as an aerosol when combusted
[1, 3]. Cyanide poisoning causes tissue asphyxia by inhibiting
intracellular cytochrome oxidase activity [3]. Cyanide poison-
ing can be difficult to diagnose. A concentration of 50 ppm
produces symptoms of headache, dizziness, tachycardia, and
tachypnea [3]. At levels greater than 100 ppm the patient has
lethargy, seizures, and respiratory failure [3]. Cyanide poison-
ing should be suspected in any patient that has persistent anion
gap metabolic acidosis or high lactate levels that fail to respond
to oxygen administration [1, 3]. The treatment of cyanide poi-
soning consists of intravenous sodium nitrate and sodium thio-
sulfate [1, 3].

During the initial smoke inhalation injury the patient is also
exposed to other chemical products of combustion, including
ammonia, nitrogen dioxide, sulfur dioxide, and chlorine [3].
These chemicals are very irritating to the airway and lead to
bronchospasm, edema, and mucous membrane ulceration [3].
As a result, the epithelial lining of the trachea and bronchi
become necrosed [3]. This can lead to partial or complete air-
way obstruction and loss of an important barrier to infection,
predisposing the patient to the development of recurrent infec-
tions and pneumonia [3, 4]. Physiologic effects on the lungs
include increased capillary permeability, increased lung water,
reduced lung compliance, decreased lung volumes, increased
airway resistance, and impairment in surfactant production [3,
4]. These effects lead to worsening of ventilation and perfusion,
and increased pulmonary shunting [3].

The second phase of inhalation injury begins at 24 to 96
hours after the injury and is the result of pulmonary parenchy-
mal damage that is caused by the chemical irritation of smoke
inhalation [1, 2]. The second phase is defined by airway edema,
tracheobronchitis, pulmonary edema, atelectasis, increased air-
way resistance, and decreased static lung compliance [1]. The
patient often has symptoms of dyspnea, rales, rhonchi, wheez-
ing, and copious tracheal secretions and exudates [2]. The secre-
tions are often very viscous and may contain carbonaceous
particles and pieces of mucous membrane [2]. The clinical pic-
ture is almost identical to adult respiratory distress syndrome
(ARDS). The initial inhalation injury and resultant pneumonias
often influence the mortality, which increases from 20 percent

with inhalation injury alone to 60 percent when combined with
pneumonia [1].

Treatment of inhalation injury includes ventilatory support,
early and aggressive pulmonary toilet, bronchoscopic removal
of casts, and nebulization therapy, including acetylcysteine,
heparin, and albuterol. [2, 4] One study showed that contin-
uous nebulization of albuterol improves pulmonary function
secondary to improved airway clearance and decreased fluid
flux in a combined burn/smoke inhalation model [12]. These
patients are also at a significantly increased risk of pneumonia. It
has been found that nearly 95 percent of all pneumonias in burn
patients are endogenous in origin [13]. The primary endoge-
nous pneumonias include Staphylococcus aureus, Streptococcus
pneumoniae, and Haemophilus influenzae [13]. Unfortunately
these forms of pneumonia cannot be controlled or prevented
by traditionally recommended measures of hand washing and
isolation [13]. Therefore, it is recommended that the patients
receive prophylactic selective decontamination of the digestive
tract, aiming at eradication and prevention of oropharyngeal
and gastrointestinal pathogens [13].

Ventilation can become very difficult secondary to the
patient’s increased airway resistance and increased chest wall
resistance caused by full-thickness burns of the chest wall [1].
Also, the patients are often hypermetabolic with increased oxy-
gen consumption and increased carbon dioxide production that
require higher minute ventilation [1]. The burn patient also
requires high positive end-expiratory pressure (PEEP) to main-
tain airway patency and oxygenation [1]. This high PEEP and
high minute ventilation may be difficult for standard anesthe-
sia machines. Although inhalation injury is primarily an acute
problem, long-term survivors have a gradual collagen deposi-
tion that leads to the development of interstitial fibrosis and
restrictive lung disease [4].

Cardiac Physiology

In the immediate setting of a major burn, the cardiovascular
response is a decrease in cardiac output and an increase in sys-
temic vascular resistance [1]. This phenomenon is referred to as
“burn shock” [3]. The decrease in cardiac output is secondary
to the alteration in microvascular permeability with a resultant
shift of intravascular fluid into the interstitial space and also
direct myocardial depressant factors [1, 3]. Reduced blood flow
to the coronary arteries in the postburn period may also con-
tribute to the decrease in cardiac output [3]. Nonsurvivors tend
to have a significantly decreased cardiac output, a higher sys-
temic vascular resistance, more metabolic acidosis, and lower
oxygen consumption when compared with survivors [3].

After the initial burn phase and resuscitation, a massive
catecholamine release results in hyperdynamic circulation [4].
This hyperdynamic circulation results in tachycardia, increased
cardiac output, decreased systemic vascular resistance, and
increased myocardial oxygen consumption [1, 4]. It is also
important to note that the initial burn injury itself primes the
patient so that a second insult, such as aspiration pneumonia,
will produce significantly greater cardiac abnormalities than
those seen with the burn alone [14].

Cardiovascular resuscitation begins with early fluid resus-
citation to prevent shock, prevent and correct hypovolemia,
and prevent further physiologic complications [1, 3]. It is
important to establish good intravenous access (see Chapter 4),
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to have a good knowledge of the fluid status, and to avoid
myocardial depressants [1]. Vital signs and urine output are
the usual parameters for guiding fluid resuscitation [3]. Some
studies have shown an advantage to invasive hemodynamic
monitoring in patients with major burns who do not respond
to the expected fluid resuscitation [3]. In these same studies,
the results showed that often there was no correlation between
vital signs/urine output and pulmonary artery catheter read-
ings (oxygen consumption and cardiac index) [3]. This suggests
that the vital signs may be normal in a patient that is actually
hypovolemic [3]. Therefore, in a patient who is not responsive
to fluid loading, invasive monitoring and/or echocardiography
are indicated to manage fluid and vasoactive drug therapy (see
Chapters 5 and 33) [3]. The pulmonary artery catheter may also
be useful in groups with preexisting cardiac disease [3]. If inva-
sive monitoring is used, it should be removed as early as possible
to minimize the risk of local and systemic infections [3].

Hematologic Changes

The effects on the hematologic and coagulation parameters
depend on the magnitude of the burn, and the time from the
injury [3]. Immediately after the injury, the hematocrit level
increases as the noncellular fluid translocates into the inter-
stitium [3]. Despite large volumes of resuscitative fluids, the
hematocrit often remains elevated during the first 48 hours, and
therefore can not be used as a meaningful parameter of resus-
citation [3]. Patients will rarely require an early erythrocyte
transfusion unless they have a preexisting anemia or another
associated injury [3]. During the weeks following the patient’s
initial injury there is a well-documented burn-associated ane-
mia [3]. This anemia is believed to be due to bleeding from the
wounds, frequent blood sampling, and surgical excision [3].
The patient will also have a shortened erythrocyte half-life sec-
ondary to the thermal injury and other circulating factors [3].
Patients with moderate burn injury rarely require erythrocyte
transfusions [3]. An otherwise healthy burn patient will tolerate
a hematocrit of 20 (packed cell volume = 20 percent) with-
out any problems, and will replenish their erythrocyte mass
with iron supplementation only [3]. A 2006 study showed that
transfusions outside of the operating room were associated with
increased mortality and infectious episodes in patients with
major burn injury, and that the utilization of blood products
should be reserved for patients with a demonstrated physio-
logic need or those undergoing excision and grafting in the
perioperative setting [15].

During the resuscitation of moderate to severely burned
patients, platelet count usually decreases [3]. This thrombo-
cytopenia is due to dilutional effects and the formation of
microaggregates in the skin and smoke-damaged lung [3]. The
platelet count usually returns to normal by the end of the first
week and remains normal unless the patient develops sepsis or
multisystem organ failure [3]. Platelet transfusion therapy is
rarely necessary unless the patient loses greater than one total
body blood volume during surgical excision and grafting, or
has diffuse bleeding [3, 16]. Frequent platelet transfusions can
lead to antibody formation and ineffectiveness during future
transfusions [3].

After a major burn, both thrombotic and fibrinolytic mech-
anisms are activated. Clotting factors decrease secondary to
dilution and consumption [3]. Disseminated intravascular

coagulation is a rare but devastating complication of massive
burn injury, which should be treated with an infusion of fresh
frozen plasma and cryoprecipitate [3, 16]. Later in the course of
the burn the patient can develop postburn thrombogenicity sec-
ondary to a decrease in antithrombin III, protein C, and protein
S levels [3]. This can lead to an increased risk of venous throm-
bosis and pulmonary embolism [3]. Therefore, all patients with
a major burn injury require subcutaneous administration of
low-dose heparin for thromboembolism prophylaxis [3].

Liver Function

The liver synthesizes circulating proteins, detoxifies the plasma,
produces bile, and provides immunologic support [16]. He-
patic injury can occur after a burn injury as a result of hypoten-
sion or hypoxia [1]. After a significant burn injury, effective
liver blood flow is markedly decreased even with apparently
adequate fluid resuscitation [17]. This suggests that the post-
burn liver requires oxygen values that exceed normal values, and
therefore liver function suffers with even the slightest hypoxia
[17]. As a result of liver failure, the protein concentrations of
the coagulation cascade decrease, the patient becomes coagu-
lopathic, toxins are not cleared, and bilirubin concentrations
increase [16]. The associated changes in the liver metabolism
can result in increased or decreased drug metabolism due to the
altered protein binding and decreased hepatic blood flow [1].

Gastrointestinal Function and Nutrition

The patient’s gastrointestinal response to burn injury includes
mucosal atrophy, changes in digestive absorption, decreased
intestinal blood flow, and increased intestinal permeability [16].
The atrophy occurs within 12 hours of the injury and is believed
to be due to increased epithelial cell death by apoptosis [16].
The patient should receive enteral feeding early, and on the first
day if possible, to not only meet caloric needs of the burn, but
also to protect and preserve the gut mucosal integrity, improve
intestinal blood flow and motility, and blunt the hyperdynamic
response [4, 18]. Studies show that early enteral feedings reduce
septic morbidity and prevent failure of the gut barrier [16]. Most
patients tolerate this enteral feeding well [4]. There is still some
controversy as to the optimal delivery route for the enteral nutri-
tion [19]. Patients with intestinal feedings tend to have smaller
gastric residual volumes and tend to tolerate the feeding bet-
ter [19]. In contrast, patients with a percutaneous endoscopic
gastrostomy tube found it to be more comfortable and trou-
ble free, even if placed through an existing burn wound [19].
Prokinetic agents, such as erythromycin and metaclopromide,
can be given to enhance gastric tolerance to enteral feedings
[19].

An important part of successful enteral feeding involves
the choice of the correct composition and amount to meet the
specific nutritional needs of the patient without overfeeding the
patient [19]. Maintenance of body weight is the common goal
of nutritional support, but despite proper feeding, the burn
patient will often suffer from obligatory loss of lean body mass
[19]. A common formula used to estimate caloric need in the
adult burn patient for enteral feeding is the Curreri formula,
which estimates the patient’s needs to be 25 kcal · kg−1 · day−1

plus 40 cal/percent TBSA burned per day [4]. Pediatric burn
patients require a different formula based on their age [4, 16].
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Ages zero to 12 months of age usually require 2,100 kcal/percent
TBSA burned per day plus 1,000 kcal/percent TBSA burned per
day [16]. Ages 1 through 12 usually require 1,800 kcal/m2 BSA
per day plus 1,300 kcal/m2 TBSA burned per day, and ages 12
through 18 years require 1,500 kcal/percent TBSA burned per
day plus 1,500 kcal/percent TBSA burned per day [4, 16].

The composition of the nutritional supplement is also
important [16]. The optimal diet contains 1–2 g · kg−1 · day−1

of protein, and the nonprotein calories can be given as carbo-
hydrates or fat [16]. Albumin supplementation is important
in the acute phase as protein loss is high and hepatic synthesis
of proteins is decreased [4]. This early enteral feeding is espe-
cially important because of the associated finding of inadequate
gastrointestinal tissue perfusion and multisystem organ failure
[20].

Recent interest has been focused toward the issues of gut-
derived inflammation and bacterial translocation as contribu-
tors to the inflammatory response seen in burn patients [19].
The patient will therefore require a judicious use of antibiotics
to prevent intestinal overgrowth of potential pathogens, which
may contribute to the development of sepsis and organ failure
in the burned patient [21].

Patients with major burns are at an increased risk of forming
gastric mucosal stress ulcerations, often called Curling’s ulcers
[3]. These ulcers can be minimized by early enteral feeding and
sucralfate or histamine receptor blocker therapy [3].

Total parenteral nutrition has been abandoned in the treat-
ment of burn patients because of the resulting gut muscle atro-
phy, fatty infiltration of the liver, and septic morbidity from
catheter-related infections [4]. Total parenteral nutrition is
reserved only for the patient that can not tolerate enteral feed-
ings [16].

Metabolism, Electrolyte Abnormalities, and
Thermoregulation

After a burn injury, the patient will develop a hypermetabolic
response due to a CNS-driven stress response [1]. The patient
will develop significantly elevated levels of catecholamines,
glucagon, glucocorticoids, antidiuretic hormone (ADH), renin,
and angiotensin as a result of an increased metabolic rate [1].
This hypermetabolic response is manifested by hyperthermia,
hypertension, tachycardia, increased cardiac output, increased
oxygen consumption, severe nitrogen losses, and hyperglycemia
[1, 16]. The hyperdynamic response can be sustained for
months in a severely burned patient and can lead to weight loss
and decreased strength [16]. It is important to recognize the
patient’s hypermetabolic phase and not to administer an over-
dose of narcotics while trying to normalize the patient’s vital
signs [1]. Much of the morbidity and mortality of a major burn
can be attributed to this hypermetabolic process [22]. Tech-
niques used to ameliorate the hypermetabolism and thereby
reduce the metabolic rate include propranolol, insulin, and
oxandrolone [19, 23]. Propranolol markedly reduces the resting
heart rate and energy expenditure and improves the net mus-
cle protein synthesis [19]. Propranolol also reduces the rate of
hepatic fat accumulation, which is important because fatty infil-
tration of the liver is a common finding in burn patients [19].
Fatty infiltration leads to hepatic dysfunction and systemic sep-
sis [19]. The effect of a continuous infusion of insulin to main-
tain blood glucose values between 100 and 140 mg/dL tends to

preserve muscle mass, decrease infection rate, and reduce the
length of the hospital stay [19]. Oxandrolone, a synthetic testos-
terone analog, is used to lessen muscle wasting [19].

The patient may also develop hyponatremia because of
excess ADH secretion or overhydration [1]. Most patients with
hyponatremia are asymptomatic [24]. Symptoms including
headache, lethargy, and nausea do not appear until the plasma
sodium level drops below 120 mEq/L [24]. As the sodium level
drops, the risk of seizure and coma increases [24]. Hypona-
tremia in patients with sepsis and respiratory failure is associ-
ated with a poor prognosis [24].

Because of their hypermetabolic response, burn patients
often have impaired thermoregulation [3]. Fever in a burn
patient may be physiologic and not due to infection [25].

Immune Suppression

After a burn injury, the wound itself releases paracrine fac-
tors that lead to local inflammation and edema [3]. With a
major burn, the local injury triggers the release of circulating
mediators that result in a systemic response [3]. This systemic
response results in immune suppression and systemic inflam-
matory response syndrome (SIRS) [3]. Cytokines are the pri-
mary mediators of this immune response [3]. Another con-
tributing factor to immune dysfunction that is seen with burn
injury is the reduction in circulating lymphocytes, neutrophils,
and macrophages [16, 19].

Endotoxin can often be detected in burn patients by the
third day even in patients with no infection [3]. The levels of
the endotoxin correlate with the burn size and can be used to
predict the development of multiple-organ failure and death
[3].

The burn patient is at a greater risk for a number of
infectious complications, including bacterial wound infections,
pneumonia, and fungal and viral infections [16]. Central line
infections have been a recurring source of complications in the
burn patient [19]. Current recommendations include routine
catheter changes and strict aseptic technique for all vascular
cannulation secondary to the burn-associated immune sup-
pression [3, 19]. This same aseptic technique should also be
used for wound care and Foley catheter placement [3, 19].

Renal Function

The incidence of acute renal failure varies from 0.5 percent to
38 percent in the burn patient, and it depends primarily on the
severity of the burn [3]. The associated mortality is very high,
73 to 100 percent [3]. Burn injury is associated with two stages
of acute renal failure. The first stage occurs early and is due
to hypovolemia, decreased cardiac output, decreased renal per-
fusion, and decreased glomerular filtration [1, 3, 16]. Hypo-
volemia decreases renal blood flow and results in filtration
failure and tubular dysfunction [1]. Increased levels of cate-
cholamines, angiotensin, aldosterone, and vasopressin can lead
to systemic vasoconstriction and contribute to renal impair-
ment [3]. These effects result in oliguria, which, if left untreated,
can lead to acute tubular necrosis and renal failure [16].

The second stage is a late stage that results from sepsis,
high myoglobin levels, nephrotoxic drugs, and multiorgan fail-
ure [1, 3]. The second stage usually appears by about the third
week postinjury [1]. The hallmarks of the second stage include:



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-21 CUFX276-Smith-v2 May 12, 2008 17:37

3 2 8 ■ L O V I C H - S A P O L A

decreasing urine output, fluid overload, electrolyte abnormal-
ities, metabolic acidosis, azotemia, increased serum creatinine
levels, and hyperkalemia [16]. It is important to monitor the
burn patient’s electrolytes closely [1]. Treatment of acute renal
failure due to burn injury includes early and aggressive efforts
to maintain a urine output of at least 1 mL · kg−1 · hr−1 and the
institution of dialysis [1]. Some indications for dialysis include
volume overload and electrolyte abnormalities not amenable
to other treatments [16]. Peritoneal and hemodialysis are both
effective in the burned patient [16]. Many burn patients will
only require dialysis for a short time, until the acute renal failure
resolves [16]. Mannitol can be given intravenously to increase
the renal blood flow in hopes of improving renal function [1].

P R E O P E R AT I V E M A N AG E M E N T

History and Physical

Successful anesthesia for excision and grafting of a burn requires
extensive planning and preparation [3]. This starts with a com-
plete history and physical. It is important to know the patient’s
age and percent of TBSA burned [3]. This information pro-
vides an index of the patient’s likely physiologic condition [3].
The current cardiorespiratory status is important for planning
intraoperative monitoring, while the extent of the burn wound
excision helps with vascular access and blood product require-
ments [3]. Knowledge of the location of the burn and planned
donor graft sites are important for positioning the body during
surgery [3]. It is also important to know the hours of fasting
prior to the procedure [3]. As discussed previously, if the air-
way of the patient is not already secured, a thorough airway
assessment is necessary prior to airway manipulation.

Preoperative Fasting Guidelines

Preoperative fasting guidelines are modified for the burn patient
because achieving adequate caloric intake is difficult; therefore,
it is recommended to continue, rather than discontinue, the
enteral feedings in patients with a secure airway prior to surgery
[3]. In an unintubated patient the recommendation is to stop
the feedings four hours before surgery [3]. This improves pre-
operative nutrition without increasing the risk of aspiration
[3]. One study showed that, in the immediate postburn period,
patients tend to have decreased stomach acid production [3].
Also, if patients are at high risk for aspiration, they can be treated
preoperatively with histamine receptor antagonists, metoclo-
pramide, and antacids.

Type of Burn

Electrical burns may be a high-voltage, low-voltage, or light-
ning injury. Most electrical burn injuries occur in the workplace
for adults and in the home for children [26]. Electrical burns
in children usually involve the child chewing on extension and
electrical cords, which leads to burns involving the oral mucosa,
submucosa, muscles, nerves, and blood vessels [26]. The sever-
ity of the injury depends on the intensity of the current, the path
the current takes through the patient’s body, and the duration
of contact with the source of the current [26].

High-voltage burns, considered to be greater than 1,000
volts, generate significant heat, reaching several thousand

degrees, which can cause deep burns to the skin and mus-
cle [1, 2, 26]. The hallmarks of electrical burns are the pres-
ence of contact points, which are hard, leathery, and sometimes
charred, circumscribed lesions [2]. Tissue damage is most severe
in the regions immediately around the contact points, with
tissue necrosis extending for significant distances [2]. High-
voltage burns can be associated with blunt trauma secondary
to the force of the voltage and the location of wires at signif-
icant heights [1, 2]. The patient often experiences immediate
cardiac arrest secondary to ventricular fibrillation and respi-
ratory arrest secondary to paralysis of the respiratory muscles,
tetanic contractions, or indirect trauma [1, 26]. These patients
require initial cardiac monitoring to follow and treat any asso-
ciated arrhythmias, including: sinus tachycardia, supraventric-
ular tachycardias, atrial fibrillation, various degrees of heart
block, bundle-branch blocks, and prolongation of the QT inter-
val [2, 26]. The fluid requirements in a high-voltage burn are
nearly twice that of a thermal burn because of the soft tissue
and visceral injury and cannot be calculated based on cutaneous
burn requirements [1, 2]. These patients are at significant risk
for renal failure secondary to myoglobinuria, which is an indi-
cator of deep tissue/muscle damage [1, 2]. Renal failure can be
prevented and treated with vigorous hydration [2].

Electrical burns due to lightning have the highest mortality
[26]. Lightning burns are usually due to a shock greater than 30
× 106V [26]. The patient often experiences immediate asystole
and respiratory arrest due to direct CNS injury. Burns of the
skin are rare and usually superficial; therefore, rhabdomyolysis
is uncommon [26].

Low-voltage burns are more common in children, the
mouth being a common site [2]. The burns of the skin are
superficial, if any exist, but rhabdomyolisis is common due to
the associated tetanic muscle contraction in low-voltage burns
[26]. Cardiac rhythm disturbances can be produced with rel-
atively low currents, but low-voltage burns rarely require con-
tinued cardiac monitoring if the patient shows no sign of dys-
rhythmia upon arrival to the hospital [2, 26].

Chemical burns are caused by exposure to acids, alkali, or
other organic compounds [27]. Worldwide, there are about six
million known chemicals; between 33,000 and 63,000 are clas-
sified as hazardous by one or more U.S. governmental agencies,
and more than 300 common chemicals have been classified
by the National Fire Protection Association as “extremely haz-
ardous to health” or “too dangerous to expose to fire fight-
ers” [27]. Chemical burns are characterized by continued tis-
sue damage until the insulting injury is removed [1]. Chemical
burns are often worse than originally appreciated [2]. Hospi-
tal caregivers must wear protective gear to protect themselves
from the chemical [2]. Treatment includes immediate irriga-
tion with large amounts of tap water [2]. After irrigation, the
burns should be covered with saline-soaked pads [27]. All body
parts must be thoroughly irrigated, including those not believed
to be involved [2]. Neutralization with acids or alkalis is not
appropriate; soap and water is sufficient [2]. Immediate surgi-
cal debridement is often required and repeated often until the
chemical has been completely removed [27].

With the number of illegal methamphetamine laborato-
ries (meth labs) increasing across the country, burn units are
seeing a significantly increased number of associated burn acci-
dents [28, 29]. The production of methamphetamine requires
an extremely volatile manufacturing process that puts the
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Table 21.6: Types of Burns

Type Mechanism Results

Electrical∗

High voltage >1,000 V Deep burns to skin and muscle
Blunt trauma from falls
Immediate cardiac arrest (ventricular fibrillation)
Delayed or persistent dysrhythmias requiring

telemetry
Respiratory arrest

Paralysis of respiratory muscles
Tetanic contractions
Indirect trauma

Low voltage <1,000 V Superficial skin burns
Rhabdomyolysis due to associated muscle contractions
Acute dysrhythmias (rare)

Lightning 30 × 106 V Rare superficial skin burns
Asystole
Respiratory arrest due to direct central nervous system

injury

Chemical† Exposure to acids, alkali,
organic compounds

Continued tissue damage until insulting injury is
removed

Meth Lab‡ Explosion-associated burn
injury

High incidence of inhalation injury
Nosocomial pneumonia
Respiratory failure
Sepsis
Large burn size

Grease§ High boiling point
Low specific heat
Low viscosity

Deep burns requiring surgical excision and grafting

∗Blanding and Stiff [1]; Purdue et al. [2]; Koumbourlis [26].
†Barillo et al. [27]; Blanding and Stiff [1].
‡Santos et al. [28]; Spann et al. [29].
§Klein et al. [30].

manufacturers at a high risk for explosion and burn injuries
[29]. The typical meth lab burn patient is male, Caucasian,
unemployed, and a polysubstance abuser [28]. The patients
involved in a meth lab explosion have an increased incidence of
inhalational injury that corresponds to increased rates of intu-
bation, tracheostomies, and more days on the ventilator [28].
This is associated with an increased incidence of nosocomial
pneumonia, respiratory failure, and sepsis [29]. Meth lab burn
patients have unique injuries, require 1.8 times greater resusci-
tation requirements, and consume more critical care resources
[28]. Meth lab burn patients tend to have larger burn size and
increased morbidity when compared with other burn patients
[29]. These patients also have poor recovery and follow-up after
the injury because of their lack of insurance [28].

Toxic epidermal necrolysis is a skin disorder that causes
inflammation that leads to separation of the epidermis from the
dermis, with eventual sloughing comparable to a second degree
burn [1]. This condition is associated with inflammation of the

mouth and oral mucosa, leading to lesions of the trachea and
larynx [1]. This can lead to airway compromise and difficult
intubation. These patients are also at risk for aspiration and
hypovolemia [1].

Grease burns or cooking oil burns are a common burn
injury in the home and workplace during food preparation
[30]. Secondary to the high boiling point, lower specific heat,
and viscosity of the grease, these patients are at increased risk
of developing deep burns that often require surgical excision
and grafting [30]. Grease burns tend to follow a specific pattern
of injury [30]. Most patients have an isolated upper-extremity
injury or an upper-extremity injury in combination with a face,
trunk, or lower-extremity injury (Table 21.6) [30].

Burns secondary to abuse are common in children and
adults with significant handicaps. It is important to evaluate
the pattern of the burn, especially with water immersion burns
[2]. The absence of splash marks and the presence of spared
regions, bilateral symmetry, and well-demarcated water lines
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Table 21.7: Predicting Factors that Contribute to Burn Mortality

Predictors Factors Contributing to Mortality

Primary predictors Total body surface area burned >40%
Age >60 years
Associated inhalation injury

Secondary predictors Women aged 30–59 years
Development of sepsis and multiple

organ failure
Limited donor sites
Delayed resuscitation
Morbid obesity
Alcohol and substance abuse
Diabetes
Neuropsychiatric conditions
Associated traumatic injury

Blanding and Stiff [1]; O’Keefe et al. [31]; Sheridan et al. [32]; Aldemir et al.
[33]; Wolf et al. [35]; Memmel et al. [37]; Yanagawa et al. [38]; Hawkins
et al. [39].

may be evidence of abuse [2]. Signs of abuse such as bruises,
whip marks, fractures, and head trauma found currently or in
old charts are also abuse indicators [2].

Factors Contributing to Mortality

The mortality of the burn patient is greatly influenced by the
type of burn, the extent of the burn greater than 40 percent, the
patient’s age older than 60 years, and the presence of inhalation
injury [1, 31–33]. Elderly patients tend to have a worse outcome
due to their higher incidence of comorbidity, atrophic skin with
a thinner dermis, and slower epithelial proliferation [1]. Young
age has not proved to be a predictor of mortality [32]. In a 2001
study it was found that women between the ages of 30 and 59
years have an increased adjusted risk of death compared with
men of the same age [31]. A 2006 study showed an increased
risk of death for women of all age groups between the ages of
10 and 70 years [34]. The development of sepsis and multior-
gan failure is an indication of a poor outcome independent of
the sex or age of the patient [35]. Also, patients with limited
donor sites and delayed resuscitation have an increased mortal-
ity [35]. Morbidity and mortality of the mother and fetus in a
pregnant burn patient is primarily dependent on the size of the
burn, followed closely by the presence of an inhalation injury
[36]. Pregnancy alone does not adversely affect the outcome
of the mother(see Chapter 26) [36]. Most fetuses survive if the
mother survives and she does not have any significant compli-
cations such as sepsis, hypotension, and hypoxia [36]. Other
health factors that contribute to mortality include morbid obe-
sity, alcohol and substance abuse, neuropsychiatric conditions,
diabetes, and other associated traumatic injury (Table 21.7) [1,
37–39].

Laboratory Tests

The burn patient will require large volumes of fluid and frequent
ventilator changes during the perioperative period. Many facil-
ities have utilized specific ordering protocols to account for the

amount of lab tests needed [40]. Preoperatively, it is impor-
tant to have a recent complete blood count, electrolyte panel,
including renal functions, glucose, and lactate level, and an arte-
rial blood gas. Other lab tests can be ordered on an individual
case basis. Patients with burn injuries are at risk for signifi-
cant coagulopathies; therefore, it is also important to check a
recent coagulation panel prior to anesthesia [3]. These lab tests
can be used as a baseline to adjust the anesthetic management
throughout the case.

Intravenous Access

Establishing vascular access is extremely important prior to
excision and grafting procedures (see Chapter 4). In most cases,
a minimum of two large-bore peripheral intravenous lines or
one peripheral and one central line is necessary [3]. It is often
difficult to place intravenous lines in these patients because of
the extent of the burn. Central venous trauma lines provide
excellent routes for rapid fluid administration and the delivery
of vasoactive drugs, with the additional advantage of the place-
ment of central venous or pulmonary artery catheters [3, 41].
Pulmonary artery catheters are not routinely placed because of
the risk of infection, but they can be used for a brief period in
patients with burn injury and ischemia or valvular heart dis-
ease to guide fluid administration [1]. The internal jugular and
subclavian veins are most commonly used for catheterization,
but femoral vessels can be used if the burn involves the neck
[3]. Traditionally, central venous access was guided only by the
anatomic landmarks and arterial pulsations [41]. This blind
approach assumes that each patient has the same anatomy and
that their veins have no thrombosis [41]. An ultrasound probe
can be used to aid in the placement of the central venous line
[3]. The use of an ultrasound probe decreases the risk of com-
plications, including pneumothorax, arterial puncture, hemo-
thorax, hematoma, and nerve injury (see Chapter 32) [41].
These complications are the most significant in patients with
coagulopathies, mechanical ventilation, poor pulmonary func-
tion, chronic intravenous use, and soft tissue edema; all of which
are usually present in a burn patient [41]. If a central venous
line is not possible, then a small-bore peripheral vein can be
dilated to a larger gauge by using specially designed kits [3]. In
children, if intravenous access can not be achieved in a timely
manner, an intraosseous infusion can be used to deliver drugs,
fluids, and blood with a low incidence of complications until
an intravenous line can be placed [42]. Intravenous lines can be
safely placed through a burn site if the usual sterile technique is
used. Fluid should be routinely warmed by using high-capacity
fluid warmers in the operating room to help in preventing heat
loss (see Chapter 29) (Table 21.8) [3].

Premedications

Burns are often extremely painful and the patients are often
very anxious. The goal of premedication is to provide adequate
analgesia and anxiolysis [3]. If a patient does not have a secure
airway in place, it is important not to oversedate the patient and
risk losing the airway, especially if the patient appears to be a
potentially difficult intubation. Patients who present for exci-
sion and debridement are often already intubated and sedated.
It is important to continue this sedation in the perioperative
period.
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Table 21.8: Current Information about Central Intravenous
Line Changes in a Burn Patient

Infection rates increase with catheters left in situ for more than
10 days.

Central line infections occur at a frequency of 5–6 infections per
1,000 catheters. This is twice the CDC recognized infection rate for
central line infections. Therefore, the CDC has established separate
guidelines for the burn patient.

Majority of burn units in the United States change central lines
every 72 hr to 7 days, every 72 hr for a line that is placed through
burned tissue, and every 7 days for a line placed in a site remote
from the burn tissue.

No wire changes are performed.

Central line infections (and not the burn wound) are the most
common source of bacteremia in a burn patient.

CDC, Centers for Disease Control and Prevention
From Sheridan RL. Mechanical and infectious complications of central
venous cannulation in children: Lessons learned from a 10-year experience
placing more than 1000 catheters. J Burn Care Res 2006;27(5):713–8.

Preparing Appropriate Blood Products

Hemostasis is a critical concern during any burn surgery [4].
Large amounts of blood can be lost rapidly during the excision of
the burn; therefore, it is important to have an adequate supply of
blood products available prior to the excision [3, 4]. It is difficult
to keep up once infusion lags behind blood loss. Documented
blood loss and transfusion requirements in patients with greater
than 10 percent TBSA burn showed a mean blood loss of
0.3 mL/cm2 surface area excised [3]. An average of 20 mL
of blood will need to be transfused for each percent of TBSA
burned [3]. Other studies have shown that two to three units
of packed red blood cells can be easily lost during skin excision
of one hand [4]. In burns greater than 25 percent TBSA the
patient can exsanguinate [4].

Many centers use various and multiple techniques to try to
limit blood loss during excision, including use of tourniquets,
postoperative compression dressings, topical epinephrine, top-
ical thrombin, and subcutaneous infusion of saline and
epinephrine [3, 4]. Tourniquets have been found to be the most
effective technique [4]. Epinephrine-soaked compresses at a
concentration of 1:10,000 have been shown to provide good
hemostasis, but their effectiveness at preventing considerable
blood loss is questionable [4]. Despite the high levels of cate-
cholamine from the epinephrine-soaked bandages, complica-
tions such a dysrhythmia are not common due to the reduced
affinity of the β-adrenergic receptor in the burn patient for lig-
ands and decreased second-messenger production [3]. Topical
thrombin (1,000 units/mL) helps with hemostasis by forming
a clot, but this sheet of clot can prevent graft take and donor
healing [4]. Subcutaneous infusion of 0.45 percent saline with
diluted epinephrine (1:300,000) to the donor sites also helps
with hemostasis [4].

Although the extent of the surgical operation is often inten-
tionally limited in most centers to one volume of blood lost,

patients often lose greater than this amount secondary to
thrombocytopenia and other coagulation defects [3]. The best
intraoperative fluid replacement includes the use of minimal
crystalloid and the replacement of losses with packed red blood
cells and fresh-frozen plasma [4]. It is important that the patient
is typed and crossed for an appropriate amount of blood prod-
ucts prior to beginning the surgery, and that the products are
immediately available at induction. In most cases the patient
should be given blood immediately upon entering the operat-
ing room. It is very difficult to catch up on fluid replacement
once infusion falls behind. After the excision and grafting, the
burn patient’s coagulation factors and platelets return to base-
line values faster than unburned patients [3].

Studies have shown that the number of infections per
patient increase with each unit of blood transfused [15]. The
increased number of transfusions is also associated with
increased mortality [15]. This study did not include blood prod-
ucts given in the operating room [15]. Currently, it is agreed
that outside the operating room, the patient’s blood transfusion
should be guided by physiologic need, and that in the operating
room, secondary to significant blood loss, the patient’s primary
fluid replacement should be with blood [15].

S U R G E RY

Topical Wound Care

Prehospital burn wound care is basic and simple [16]. It requires
that the burn be protected from the environment with the appli-
cation of a clean, dry dressing or sheet [16]. A damp dressing
should never be used [16]. The patient should be wrapped in
blankets to prevent heat loss during transport [16]. The first
step in diminishing the patient’s pain is to cover the wounds to
prevent contact with exposed nerve endings [16]. Even though
this approach sounds simple, it is often difficult to enact, which
is unfortunate because inadequate first aid care is often associ-
ated with poorer patient outcomes [16].

Once the extent and depth of the wound is assessed and
the wounds are cleaned and debrided, the management phase
begins [16]. Each wound should be dressed with the appropriate
covering to protect the damaged epithelium, minimize bacte-
rial and fungal colonization, and provide a splinting action to
maintain the desired position of function [16]. The dressing
should be occlusive to reduce evaporative heat loss and mini-
mize cold stress [16]. The dressing should also provide comfort
over the painful wound [16].

First degree wounds are minor with minimal loss of bar-
rier function, and therefore require no dressing and are treated
with topical salves to decrease pain and keep the skin moist
[16]. Second degree wounds can be treated with daily dress-
ing changes and topical antibiotics. Alternatively, the wounds
can be treated with temporary biologic or synthetic coverings
to close the wound [16]. Deep second degree and third degree
wounds require excision and grafting for sizable burns, and the
initial dressing should be aimed at holding bacterial prolifera-
tion in check until the initial operation is performed [16].

The timely and effective use of antimicrobials has rev-
olutionized burn care, decreasing the number of invasive
wound infections [16]. The topical antibiotics can be divided
into two classes: salves and soaks (see Chapter 20). Topical
antimicrobial salves used for burn wound care include: silver
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Table 21.9: Topical Antimicrobial Salves and Soaks

Application Medication Advantages/Disadvantages of Use

Salve Silver sulfadiazine (Silvadene) Painless application
Broad spectrum efficacy
Poor penetration of eschar

Mafenide acetate (Sulfamylon) Painful application
Good penetration of eschar
Metabolic acidosis

Bacitracin Painless application
Limited antimicrobial spectrum

Neomycin Painless application
Limited antimicrobial spectrum

Polymyxin B Painless application
Limited antimicrobial spectrum

Nystatin (Mycostatin) Effective at inhibiting most fungal growth
Cannot be used with Sulfamylon

Mupirocin (Bactroban) Effective staphylococcal coverage
Expensive

Soaks Silver nitrate (0.5%) Broad spectrum coverage
Poor penetration
Can inhibit wound healing
Methemoglobinemia

Sodium hypochlorite (0.025%) (Dakin’s
solution)

Excellent bactericidal activity
No adverse effects on wound healing

Acetic acid (0.25%) Effective against most organisms
Can inhibit epithelialization

Townsend et al. [16]; Ramzy et al. [4].

sulfadiazine (Silvadene), mafenide acetate (Sulfamylon), Bac-
itracin, Neomycin, Polymyxin B, Nystatin (Mycostatin), and
Mupirocin (Bactroban) [4, 16]. Silvadene is advantageous
because it is painless upon application and has a broad spectrum
of efficacy, but it fails to penetrate the eschar and is therefore not
adequate for the treatment of deep partial- and full-thickness
burns [4, 16]. In contrast, Sulfamylon is more painful on appli-
cation, but it is associated with much better penetration through
the eschar; however, it is associated with a metabolic acido-
sis [4, 16]. Bacitracin, Neomycin, and Polymyxin B all have
an easy painless application but with a limited antimicrobial
spectrum [16]. Mycostatin is effective at inhibiting most fungal
growth, but cannot be used in combination with Sulfamylon
[16]. Bactroban is very effective in staphylococcal coverage, but
is expensive [16]. Antimicrobial soaks include: silver nitrate 0.5
percent, sodium hypochlorite 0.025 percent solution (Dakin’s
solution), and acetic acid 0.25 percent [16]. Silver nitrate pro-
vides broad-spectrum coverage, but also fails to penetrate and
can inhibit wound healing and cause methemoglobinemia [4,
16]. Dakin’s solution provides excellent bactericidal activity,
without adverse effects on the wound healing [4, 16]. Acetic
acid is effective against most organisms, but can inhibit epithe-
lialization (Table 21.9) [16].

Escharotomies

When a deep second or third degree burn wound encompasses
the circumference of an extremity, the peripheral circulation

of the limb can be compromised [16]. The generalized edema
and the nonyielding eschar can impede venous outflow and
eventually affects arterial inflow to the distal beds [16]. This
can be diagnosed by the symptoms of increased tingling or limb
pain and by checking the capillary refill or using Doppler ultra-
sound signals of the patient’s blood flow [16]. These extremities
will require an escharotomy to release the burn wound eschar
[16]. This can be done at the bedside by incising the lateral and
medial aspects of the extremity with a scalpel or electrocautery
unit [16]. Increased muscle compartment pressures may neces-
sitate a fasciotomy [16]. The most common complications from
these procedures include blood loss and the release of anaerobic
metabolites, which can cause transient hypotension [16]. Con-
stricting truncal eschars can cause a similar problem, except the
effect is decreased ventilation secondary to limited chest wall
excursion [16]. The truncal eschar is treated similarly to the
extremity eschar [16].

Grafting and Excision

Traditionally, the treatment of a burn would include dress-
ing changes and topical antimicrobial agents until the eschar
separates, then the granulating wound would be covered with
split-thickness skin graft [3, 43]. This process would often take
three to five weeks [3, 43]. The patients with severe wounds
would often die of sepsis, and if they survived, would have severe
contractures and hypertrophic scars [3, 43]. A burn is consid-
ered to be a major source of inflammatory mediators, which



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-21 CUFX276-Smith-v2 May 12, 2008 17:37

A N E S T H E S I A F O R B U R N S ■ 3 3 3

play an important role in maintaining the postburn inflamma-
tory response [43, 44]. The consequent acute-phase reaction –
including changes in vascular permeability, alterations in coag-
ulation, impaired gut function, hypermetabolic response, and
immune depression – leads to increased mortality and morbid-
ity after a severe burn [44]. The concept of early excision and
grafting is derived from a goal of possibly averting these delete-
rious changes by excising the wound before the response is max-
imized [43, 44]. Delays in excision and grafting are associated
with longer hospitalizations, delayed wound closure, increased
rates of invasive wound infection, and sepsis [19, 44]. Early exci-
sion within the first 48 hours (assuming that the patient has
had sufficient resuscitation), early nutritional support, infec-
tion control, biologic wound covering, and modulation of the
hypermetabolic response is recommended for optimal burn
patient care [3, 43, 44].

Serial excision of the full-thickness burn wound is the cur-
rent standard of care in many burn centers throughout the
world [4]. Operations of excision and grafting are often limited
to about 20 percent of TBSA per surgery [3, 4]. With multiple
surgical teams and the use of previously described techniques
to limit blood loss, larger areas can be excised without increas-
ing the operating time or blood loss [3]. These procedures will
be repeated every two days until the burn wound excision is
complete [3]. The goal is to perform the entire excision of the
burn within ten days of the injury [4]. All of the full-thickness
burns should be excised first [4]. This early near-total burn
excision has dramatically improved the survival rate in massive
burn cases [4]. Facial burns are often treated last, and superficial
burns normally heal on their own within two weeks [4].

During the burn wound excision, all dead tissue must be
removed [4]. This provides a clean and living wound bed that
is necessary to prevent postoperative infection, graft loss, and
reoperation [4]. The living tissue will appear as a white, shiny
collagen net with punctate bleeding [4]. Burns of less than 30
percent TBSA can be successfully covered with skin autografts
[4]. The skin autograft is usually a split-thickness graft that is
taken with a powered dermatome from the same patient [4].
These grafts are rarely rejected, provide long-lasting coverage,
and provide the best cosmetic result [4]. In burns greater than
30 percent TBSA alternative skin grafts are required for cover-
age [4]. The excised area can be covered with homografts for
temporary skin coverage, but the patient will need to be taken
back to the operating room once these grafts are rejected and
replaced with autografts [4]. The hope is that during these few
weeks, the patient’s donor sites will have healed and can be
reused [4].

Alternative Skin Care Management

Alternative management for the patient with extensive burns
includes artificial skin substitutes [3]. The superiority of the
dermal substitutes to conventional skin has never been demon-
strated, but the most important potential for these products is
their ability to temporarily cover the excised wounds until per-
manent coverage can be established [19]. These types of dress-
ings provide stable coverage without painful dressing changes,
provide a barrier to evaporative losses, and decrease pain in the
wounds [16]. These grafts should be applied within 72 hours
of the injury, before bacterial colonization of the wound occurs

[16]. These alternative dressings include Integra, Alloderm, and
cultured human keratinocytes [3].

Integra is a bilaminate membrane of chondroitin sulfate.
The outer silicone layer closes the wound, and the inner layer
establishes a vascular supply [3]. The outer layer is removed after
two weeks and replaced with thin autologous skin grafts [3]. The
remaining deep layer provides structural support; therefore,
only a thin autologous graft is required [3]. This thin graft
allows the donor site to be used more frequently for harvesting
[3]. Large areas of burn wound can be grafted with this skin
substitute [4]. It has an advantage over a homograft because
of its lack of transmission of viral infections and avoidance
of rejection [4]. The disadvantage of Integra is that it is more
expensive than a homograft and lacks the immunologic and
metabolic benefits of a living temporary cover [4].

Alloderm, an acellular dermal matrix, is derived from
human homografts and is similar to Interga in that it also pro-
vides support to a thin skin autograft [3, 4]. Alloderm can be
used as a dermal replacement in patients with large burns and
limited donor sites [4]. It can also be used as a dermal replace-
ment for wounds extending over the joints to prevent contrac-
tures [4].

The experimental use of cultured human keratinocytes was
initially promising, but recently they have been found to have
poor skin coverage, require weeks to grow, are very expensive,
and are associated with long-term skin fragility, recurrent open
wounds, and increased rate of burn scar contractures [3, 4]. In
burns of greater than 95 percent TBSA, the shortage of donor
sites and the absolute need to preserve these small donor sites
for later needs make the cultured epithelial autografts necessary
for patient survival (Table 21.10) [4].

I N T R AO P E R AT I V E M A N AG E M E N T

Monitors and Foley Catheter

Monitoring for a major burn excision and grafting should be
based on the knowledge of the patient’s medical condition and
the extent of the surgery (see Chapter 5) [3]. Vital signs and
urine output measurement are considered the standard of care
in the resuscitation assessment of the burn patient [45]. Invasive
monitoring is reserved for the selected high-risk patient and the
patient whose resuscitation is failing [45].

Electrocardiogram monitoring may be done from burned
surfaces by using needle electrodes or surgical staples to which
an alligator clamp is attached [3]. Standard electrocardiogram
pads may be placed under a dependant part of the body to pro-
vide a satisfactory electrocardigraphic signal in most patients
[3].

Pulse oximetry has been the standard of care in all patients
undergoing anesthesia since the early 1990s [46]. It is a valuable,
noninvasive optical monitoring technique that is used for the
continuous measurement of arterial blood oxygen saturation
[46]. Pulse oximetry usually gives reliable readings of the blood
oxygen saturation, but there are times when significant limita-
tions on the accuracy and availability of pulse oximetry occur
[46]. When peripheral perfusion is poor (as in states of hypo-
volemia, hypothermia, vasoconstriction, low cardiac output,
and low mean arterial pressure) oxygenation readings become
unreliable or cease [46]. Sites for pulse oximeter readings are
frequently difficult to find in the burn patient [46]. Standard
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Table 21.10: Characteristics of Use for Alternative Skin Care
Management

Alternative Skin Care
Management Characteristics of Use

Integra Bilaminate membrane of chondroitin
sulfate

Outer silicone layer closes wound
Inner layer establishes vascular supply
Provides support to thin-skin autograft
Graft large wound areas
Lacks transmission of viral infection
Avoidance of rejection
Expensive
Lacks immunologic and metabolic

benefits of living skin

Alloderm Acellular dermal matrix
Provides support to thin-skin autograft
Dermal replacement option for large

burns/limited donor sites

Cultured human
keratinocytes

Poor skin coverage
Requires weeks to grow
Very expensive
Long-term skin fragility
Recurrent open wounds
Increased burn scar contractures
Necessary for total body surface area

burns >95% to preserve limited donor
sites

MacLennan et al. [3]; Ramzy et al. [4].

sites such as fingers and toes may be affected by the burn or
unusable due to tourniquet placement [46]. Alternative sites
can be used with a standard pulse oximeter probe if the fingers
are too severely burned to be used [3]. These sites include the
ear, nose, or tongue [3]. Esophageal reflectance pulse oximetry
may offer advantages over the standard transmission oximetry
if the skin sites for monitoring are limited [3, 46]. Ultimately,
the physician may have to rely on arterial blood gas analysis
[46].

Arterial blood pressure should be monitored invasively for
any large surgical debridement [3]. Indications for an arte-
rial line include arterial blood sampling, continuous real-time
monitoring of moment-to-moment blood pressures, failure to
take indirect blood pressure measurements, intentional phar-
macologic cardiovascular manipulation, and the assessment of
supplementary diagnostic clues [47].

Invasive hemodynamic monitoring is recommended in
patients with serious burns who do not respond as expected
to fluid resuscitation [3]. This suggests that even if patients
have normal vital signs, they can actually be hypovolemic [3].
Urine output and arterial blood pressure cannot be considered
sufficient criteria for fluid resuscitation in patients with preex-
isting cardiopulmonary or renal disorders and may even pro-
vide inaccurate information [48]. Pulmonary artery catheter-
ization may be indicated in patients who do not respond to

fluid resuscitation or who have preexisting cardiac disease [3].
The pulmonary artery catheter is used to assess the cardiac out-
put, stroke volume, systemic vascular resistance, and calcula-
tion of oxygen transport parameters [48]. Central venous pres-
sure and pulmonary capillary wedge pressure have been used
as preload indicators to guide volume therapy [48]. The central
venous catheter must often be placed through burned tissue,
and the catheters should be removed as soon as possible after
the excision and grafting procedure to minimize the risk of local
and systemic infection [3]. The indication for extended hemo-
dynamic monitoring is frequently present with a TBSA burn
greater than 50 percent [48]. As pulmonary artery catheters are
not routinely placed secondary to the increased risk of infection,
echocardiography can be used to evaluate ventricular function
and estimate central venous and pulmonary artery systolic pres-
sure [1].

A catheter should be placed in the patient’s bladder to eval-
uate hourly urine output [2, 3]. Even with a severe burn to the
genitalia, the catheterization can almost always be performed
[2, 3]. The use of silver-impregnated Foley catheters can signif-
icantly decrease the rate of urinary tract infection in the burn
patient [50].

Thermal Regulation

Temperature monitoring is essential for any burn patient under-
going anesthesia because hypothermia is common and often
difficult to prevent (see Chapter 29) [3]. The burn patient devel-
ops a hypermetabolic state in proportion to the severity of the
burn injury [3]. Ambient temperature has an important effect
on the metabolic rate of the burn patient [3]. A burn patient
with a thermoneutral ambient temperature of 28–32◦C has a
metabolic rate that is 1.5 times greater than in a nonburned
control patient [3]. If the burn patient’s ambient temperature
is decreased to 22–28◦C the metabolic rate is increased in pro-
portion to the burn size [3]. Therefore, in the burn unit and
the operating room, the patient’s temperature should remain
thermoneutral to avoid further increases in the metabolic rate
[3]. Hypothermia can also exacerbate coagulopathy and can be
potentially devastating during operative debridement of burns
[51]. The burn patient is particularly susceptible to hypother-
mia due to the evaporative heat loss that occurs through their
wounds [52]. Temperature regulation can be achieved by hav-
ing the ambient temperature of the operating room greater than
28◦C, and having all topical and intravenous fluids warmed to
38◦C [3, 51, 53]. When possible, the nonoperative sites should
be covered, and a forced-air warming device used [3]. If avail-
able, over-the-bed warming lamps (radiant heaters) and circu-
lating warm water pads can be used [2, 52, 53].

Ventilation

Mechanical ventilation is required for patients with more exten-
sive burns, inhalational injury, or respiratory complications [3].
Patients with lung injury often have a substantial increase in
dead-space ventilation, so that end-tidal carbon dioxide may
not correlate well with arterial carbon dioxide levels [3]. There-
fore, arterial blood gases should be measured frequently [3]. For
patients with very abnormal gases, the standard ventilator may
be inadequate and the use of the burn unit ventilator may be nec-
essary [3]. The goal of mechanical ventilation is to provide gas
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Table 21.11: ARDS Network Ventilator Protocol

Volume cycled assist control ventilation
Tidal volume of 6 mL/kg presumed body weight
Maximum plateau pressure of 30 cm H2O
PEEP and FiO2 are adjusted in tandem with a PaO2 goal of

55–80 mmHg
Inspiratory flow rates are adjusted to keep the inspiratory:

expiratory ratio between 1:1 and 1:3

Hough CL, Kallet RH, Ranieri VM, et al. Intrinsic positive end-expiratory
pressure in Acute Respiratory Distress Syndrome (ARDS) Network subjects.
Crit Care Med 2005;33(3):527–32.

exchange with as little barotrauma as possible (see Chapter 30)
[16]. Patients with major burn injury frequently develop ARDS.
[54] “Permissive hypercapnia” and the current ARDS Network
ventilation protocols can be used to lower ventilatory rates and
volumes and to maintain the arterial pH at greater than 7.25,
thereby limiting the positive airway pressures delivered by the
ventilator [16]. These techniques include high PEEP and low-
volume ventilation [55]. The beneficial effects include avoiding
lung tissue damage by reducing shearing forces and avoiding
alveolar collapse [55]. The high PEEP is also beneficial in help-
ing to avoid pulmonary edema from the massive fluids given
during resuscitation [55]. High FiO2 should be avoided if pos-
sible because it can cause lung damage and lead to increased
rates of pneumonia (Table 21.11) [55].

In addition to the conventional ventilator, new ventilation
techniques have been developed in an attempt to improve oxy-
genation and decrease barotrauma to the lung [16]. One form
of ventilation is high-frequency percussive/oscillatory ventila-
tion [16, 54]. This method alternates standard tidal volumes
and respirations with smaller high-frequency respirations [16].
This technique recruits alveoli at lower airway pressures and
has a percussive effect that loosens secretions and improves pul-
monary toilet [16]. It has been used successfully in many centers
for the management of oxygen failure secondary to ARDS and
as a method for intraoperative ventilation to allow surgical burn
wound excision despite severe ARDS [54].

Patients with pneumonia or ARDS may require fre-
quent endotracheal suctioning, chest physiotherapy, and bron-
chodilator therapy [3, 16]. Adequate humidification and
inhalational therapy including: bronchodilators (Albuterol),
nebulized heparin, nebulized acetylcysteine, hypertonic saline,
and racemic epinephrine have all proved effective in clearing
the tracheobronchial secretions and decreasing bronchospasm
[16]. Bronchoscopy may also be needed to clear the secretions
[16]. Steroids have not proved beneficial to the patient with
inhalational injury, and should not be given unless the patient
was steroid dependent prior to the injury or has bronchospasm
that is resistant to standard therapy [16].

Pharmacokinetics and Pharmacodynamics of
Anesthetics in a Burn Patient

The pathophysiologic changes that occur after thermal injury
alter the pharmacokinetic parameters such as: absorption,
bioavailability, protein binding, volume of distribution, and

clearance [3]. The extent of these changes depends on the
magnitude of injury and the time between the injury and the
drug administration [3]. The pharmacokinetic parameters of
many drugs will change drastically directly following the injury
[56]. The pharmacodynamic changes include the changes in the
drug–receptor interaction after the burn and appear to account
for many of the clinically important alterations in anesthetic
pharmacology [3].

In the hypermetabolic acute phase after the burn injury,
organ blood flow is reduced because of hypovolemia and
decreased cardiac output, which may affect the dosing require-
ments of many drugs [1, 3]. Changes in blood flow specifically
to the kidneys and liver can affect clearance and elimination
[1]. Therefore, drugs administered by routes other than intra-
venously are likely to show delayed absorption [3]. Plasma albu-
min concentrations decrease and α-1 acid glycoprotein levels
increase [3]. Plasma protein binding of albumin-bound drugs
such as benzodiazepines are decreased, resulting in an increase
in free fraction and thus a larger volume of distribution of the
drug [3]. As most anesthetic drugs are not highly protein-bound
and because hemodynamic changes with burns are so marked,
the effect of the protein binding on the pharmacologic effects of
the anesthetics is minimal [3]. The protein binding of acidic and
neutral drugs will decrease and higher amounts of the free frac-
tion will be available, while the basic drugs will exhibit increased
protein binding and will probably require an increased dosage
to achieve the appropriate pharmacologic effect [56].

After the initial resuscitation phase, cardiac output
increases, as does the internal core temperature, which usu-
ally increases drug clearance [3, 56]. However, there is wide
patient-to-patient variability in renal and hepatic function after
the burn, so drug therapy must be tailored to each patient [3].

Induction and Maintenance of Anesthesia

General anesthesia with the combination of an opioid, volatile
anesthetics, and muscle relaxants is the most widely used tech-
nique for burn excision and grafting [3]. The induction agents
are chosen based on the hemodynamic stability of the patient
[1].

Supplemental opioids are important in burn patients sec-
ondary to the intense pain they experience [3]. Burn patients
usually require large doses of opioids to remain comfortable
even in the absence of movement or surgical procedures [3].
The increased dose requirement of the burn patient, especially
during the hypermetabolic state, is thought to be due to the
activation of endogenous pathways during the stress response
[1]. Also, because they regularly receive opioids as a part of their
daily care, they become tolerant to these drugs [3].

The choice of volatile anesthetic does not appear to influ-
ence the outcome of the anesthesia for burn surgery. [3] Sevoflu-
rane has the advantage of being an ideal agent for inhaled induc-
tion of anesthesia in burn patients with abnormal airways [3].
Isoflurane decreases cardiac output and oxygen consumption;
however, the reductions parallel one another so that the oxy-
gen supply to the tissue remains sufficient to meet the demands
[3].

Various intravenous agents have been used successfully in
burn patients [3]. Ketamine offers the advantage of stable hemo-
dynamics and analgesia [3]. It is beneficial for dressing changes
and bedside procedures [1]. Its drawbacks include the tendency
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for dysphoric reactions, which can be decreased with coadmin-
istration of benzodiazepines, and the tolerance that develops
with repeated use [1, 3]. In a hemodynamically unstable patient,
etomidate is a reasonable alternative to ketamine for the induc-
tion of anesthesia [3]. Etomidate should not be used for frequent
dressing changes due to the possible adrenocortical suppres-
sive effects of the drug [47]. In patients who are adequately
resuscitated and not septic, thiopental or propofol may be
used [3].

Depolarizing muscle relaxants, including succinylcholine,
have led to considerable debate concerning timing and use in
burn patients because of the potential for hyperkalemia and car-
diac arrest [1, 3]. Burn injury results in denervation of the tissue,
which causes the entire skeletal muscle membrane, as opposed
to the motor endplate only, to develop acetylcholine receptors
[1]. On administration of succinylcholine, an exaggerated num-
ber of acetylcholine receptors are depolarized, resulting in a
massive efflux of potassium from the cell into the extracellu-
lar fluid (see Chapter 9) [1]. The hyperkalemia cannot be pre-
vented by giving a defasciculating dose of nondepolarizer prior
to the administration of the succinylcholine [1]. The larger the
TBSA of the burn is, the higher the likelihood of a hyperkalemic
response [1]. The potassium concentration increases within the
first minute after succinylcholine administration, peaks within
5 minutes, and starts to decline by 10 to 15 minutes [1]. The
hypersensitivity to the succinylcholine begins 48 hours after
the burn, and peaks at 1 to 3 weeks [1]. The hyperkalemic
response may persist for up to 2 years [1]. Therefore, succinyl-
choline is safe for the first 48 hours and is best avoided after
that [1].

Nondepolarizing muscle relaxants (NDMRs) are often used
during excision and grafting of burn patients. Patients with ther-
mal injury are usually hyposensitive or resistant to the action
of NDMRs. [1, 3] This effect may take up to a week to develop
and may be observed for as long as 18 months after the burn
has healed [3]. A marked resistance to NDMRs occurs when the
burn is greater than 30 to 40 percent TBSA [1, 3]. The mech-
anism appears to be due to the acetylcholine receptor prolifer-
ation that occurs under the burn and at the sites distant from
the burn injury [3]. This increase in acetylcholine receptors is
usually associated with resistance to NDMR and an increased
sensitivity to depolarizing muscle relaxants [3]. This resistance
to NDMRs implies that the burned patient will require larger
than normal doses of NDMR to achieve a desired effect and
the duration of action will be shorter than normal [3]. Dose
requirements can be increased by up to 250–500 percent [1]. If
muscle relaxants are being used, then neuromuscular function
should be regularly monitored in the patient [3].

Estimated Blood Loss and Fluid Resuscitation during
Excision and Grafting

Excisional treatment of burn wounds is usually associated with
a large operative blood loss [57]. Neither the surface area to be
excised nor the time from the burn accurately predict the mag-
nitude of the operative blood loss, but an excision performed
less than 24 hours after the injury usually has less bleeding than
one performed 2 to 16 days after the injury [57]. Peak hem-
orrhage appears to occur on days 5 to 12 [57]. Percent area
of third degree burn is associated with greater blood loss, but
the percentage of TBSA burned is not [57]. Other operative

Table 21.12: Methods for Estimating Blood Loss During Burn
Excision and Grafting

Method 1:
EBL = 100 to 200 ml per 1% tissue excised

Method 2:
EBL = (% to be excised) × (loss of area ratio) × (EBV in ml)/100

EBL = estimated blood loss, EBV = estimated blood volume.
Loss of area ratio = 8 for children and highly vascular areas.
Loss of area ratio = 4 for debridement only and less vascular areas.
Blanding and Stiff [1].

variables associated with increased blood loss are surgical time,
anesthesia preparatory time, and the initial heart rate recorded
in the operating room [57].

Many techniques are often used to try to limit the blood loss
during excision and grafting [58]. These techniques include the
use of tourniquets, multiple surgical teams working simultane-
ously to decrease the surgical time, epinephrine- and thrombin-
soaked gauze, topical vasoconstrictors, compressive dressings,
a cell saver, and continuous intravenous vasopressin infusion
[58, 59].

In addition to the difficulty in predicting blood loss, the
estimation of blood loss during excision and grafting can also
be very difficult to calculate [1]. Estimation of blood loss often
requires serial hematocrit readings, the use of formulas, and,
most importantly, the constant communication with the sur-
geon [1]. The first formula that can be used is 100 to 200 mL
blood loss per 1 percent tissue excised; however, this does not
take into account the circulating blood volume [1]. A more
specific formula used is the percent to be excised × loss of area
ratio × estimated blood volume (mL)/100, [1] in which the
loss of area ratio is 8 for children and highly vascular areas,
and 4 for debridement only and less vascular areas (see Tables
21.12–21.15) [1]. Aggressive fluid resuscitation is imperative
to improving mortality, especially in the initial phase of treat-
ment and during operative excision and grafting [4]. Further-
more, the volume of the fluid given during resuscitation may
not be as important as the timeliness in which it is given [4].
Blood loss is usually replaced with crystalloids, colloids, packed
red blood cells, and fresh-frozen plasma [60]. Hemodynamic
changes after a burn are significant, and must be managed care-
fully to optimize intravascular volume, maintain end-organ
perfusion, and maximize the oxygen delivery to the tissues [4].
The initial goal of the cardiovascular resuscitation during exci-
sion and grafting is to correct and prevent hypovolemia [3].
Intravenous fluid is usually given in proportion to the percent
of TBSA burned and is guided by the clinical assessment, vital
signs, and urine output [3]. In a patient with normal renal func-
tion, the urine output should be at least 0.5 mL · kg−1 · hr−1 in
adults and 1 mL · kg−1 · hr−1 in children [16]. Lactated Ringer’s
solution is usually the fluid of choice, except in patients younger
than two years; they should receive 5 percent dextrose Ringer’s
lactate [16]. Adequate resuscitation is reflected by stable vital
signs, and a urine output of 1 mL · kg−1 · hr−1 [2]. Changes
in the intravenous fluid should be made on a regular basis,
at least hourly, based on the patient’s hemodynamic response
[16]. The objective of the fluid resuscitation is to replace the
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Table 21.13: Fluid Resuscitation of a Burn Patient Protocol at MetroHealth Medical Center for the First 24 Hours

Estimated Fluid Volume and Rates Crystalloid Colloid Thawed Plasma

Adult 1. 4 cc/kg per percent burn for
the first 24 hr.

2. Give one-half of the fluid in
the first 8 hr postburn.

3. Give the balance over the next
16 hr postburn.

Lactated
Ringer’s

1. Burns larger than 40% TBSA
2. Burns requiring >50% over

the calculated fluid
requirements

1. Burns larger than 40% TBSA
and those requiring >50%
over the calculated fluid
requirement at 12 hr postburn

2. Give TP at a ratio of one unit
(about 250 cc) per every liter
of LR.

Child 1. Use the Brooke Children’s
Formula. 3 cc/kg/TBSA burn
+ maintenance.

2. Half of the 3 cc/kg per percent
burn is given over the first 24
hr (added to maintenance
rate).

3. The other half is given over
the 16 hr

D5LR Burns larger than 30% TBSA in
patients less than age 5 years

1. Burns larger than 30% TBSA
in patients age <5 years.

2. Run equal volumes of TP and
LR at the calculated rate
according to the Parkland
formula.

TBSA, total body surface area burned; TP, thawed plasma; LR, lactated Ringer’s.
Only deep second degree and third degree burns are used in calculating TBSA (see Chapter 20).

fluid losses and therefore maintain adequate tissue perfusion
and oxygen delivery to the cells [2, 61]. Failure to achieve this
goal leads to burn shock with progressive oxygen debt, anaero-
bic metabolism, and lactic acidosis [61].

During the active fluid resuscitation in the operating room,
frequent arterial blood samples should be sent to monitor the
changing levels of pH and lactate [61]. These lab markers are
relevant for impaired cellular perfusion during the resuscita-
tion [61]. Normalization of a primarily elevated lactate level
does indicate improved tissue perfusion at the cellular level,
and correction of oxygen debt [62].

P O S T O P E R AT I V E M A N AG E M E N T

Extubation Criteria and Tracheotomy Placement

Burn patients often receive large volumes of fluid during
their resuscitation and therefore develop significant soft-tissue
edema [3]. Tracheal extubation should always be delayed until
the tissue edema resolves [3]. During general anesthesia, the
patients often receive large quantities of opioids and muscle

relaxants, which can also delay emergence and extubation. The
criteria for extubation of any trauma patient, including the
burn patient, should include resolution of intoxication, ability
to follow commands, noncombativeness, pain well controlled,
appropriate cough and gag, ability to protect the airway from
aspiration, no excessive airway edema, adequate tidal volume,
normal motor strength, vital capacity greater than 15 mL/kg,
negative inspiratory force greater than 20 cm H2O, PaO2 greater
than 60 mmHg at an FiO2 of less than 0.50, respiratory rate less
than 25/min, A-a gradient less than 200 mmHg, and normoth-
ermic without signs of sepsis (Table 21.16) [47, 63].

Long-term intubation of a burn patient can be compli-
cated by postextubation stridor [3]. When planning to extubate
the patient’s trachea, it is important to wait until an air leak
occurs around the endotracheal tube when the cuff is deflated
before extubation [3]. If the patient appears ready for extu-
bation according to all other criteria and still has no air leak,
then a direct laryngoscopy may be helpful to determine the
extent of residual airway edema [3]. Another effective tool for
the trial of extubation on burn patients is the use of a #11 Cook
airway exchange catheter (#11 CAEC) that is placed through

Table 21.14: Fluid Resuscitation of a Burn Patient Protocol at MetroHealth Medical Center for the
Second 24 Hours

Crystalloid Thawed Plasma (TP)

Adults and children Give half of the total infused
during the first 24 hr.

Give one unit of TP per liter of
crystalloid.

At MetroHealth Medical Center, a modified Parkland (Baxter) formula is used to resuscitate burn patients. As with any
resuscitation formula, it serves merely as a guideline to fluid resuscitation. The actual rates must be titrated according
to individual patient response. The goal is to give the least amount of fluid necessary to maintain adequate organ
perfusion.
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Table 21.15: General Transfusion Requirements at MetroHealth
Medical Center

Burn patients require packed red cells and/or thawed plasma for
the following reasons:

To maintain adequate plasma volume

Capillary leak syndrome

Volume replacement for fevers and dressing changes

Operating room procedures such as skin grafts, burn debridement,
etc.

Operating room procedures are treated like a new burn patient for
the first 24 hr afterward needing red blood cells and thawed
plasma for volume expansion.

The hematocrit should be between 26 and 30% and/or hemoglobin
greater than or equal to 8 g/dL

Elderly patients or patients with cardiac dysfunction need to have
hematocrits greater than 30%

the endotracheal tube and is left in place after the patient is
extubated [63]. The CAEC can be used to administer oxygen,
which decreases the potential for hypoxia while maintaining
the ability to reintubate the trachea, especially in a patient with
a potentially difficult airway [63]. Reintubating a patient over
the CAEC may be technically difficult in some patients due to
the “hang up” of the tube on the epiglottis or other soft-tissue,
but the ease of intubation can be improved with the use of a
Parker endotracheal tube [63]. If reintubation is not possible,
then jet ventilation should be initiated [63]. The risk of aspi-
ration, barotrauma, or other airway trauma appears to be low
[63]. The CAEC is usually left in the trachea for about ten hours,
and is well tolerated by most patients [63]. Almost all patients
are able to vocalize with the CAEC in place [63]. After patients
are extubated, they should be monitored closely for progressive
airway obstruction during the next 24 to 48 hours [63].

Most burn patients’ airways can be managed with an endo-
tracheal tube [3]. Performance of a tracheostomy in a recently
burned patient is controversial. Concerns include infection,
pulmonary sepsis, tracheal stenosis, and tracheoesophageal and
tracheoarterial fistulas [1, 3]. The risks of associated infection
may be limited by delaying the placement of the tracheostomy
until after successful neck grafting and by not placing it through
an infected burn [3]. Many institutions have developed their
own guidelines based on TBSA of the burn and potential for
a rapid recovery. Early tracheostomy is almost always required
in the following cases: (1) an airway cannot be obtained by
using conventional intubation routes, (2) inadvertent extuba-
tion of an airway that has maximal edema (reintubation is
nearly impossible), (3) acute airway loss, and (4) long-term
respiratory failure [1, 3]. The advantages of a tracheostomy
include easier oral and tracheal hygiene, easier communication
(if the patient can mouth words) and easier replacement if dis-
lodged [3]. Although a tracheostomy offers some advantages
in terms of patient comfort, the routine performance of early
tracheostomies in burn patients does not improve outcomes
[64]. The optimal technique and timing of a tracheostomy does
not exist; it should be targeted to the individual patient’s clin-

Table 21.16: Criteria for Tracheal Extubation

Resolution of intoxication

Ability to follow commands

Noncombative

Pain well-controlled

Appropriate cough and gag

Ability to protect airway from aspiration

No excessive airway edema

Adequate tidal volume

Normal motor strength

Vital capacity >15 mL/kg

Negative inspiratory force >20 cm H2O

PaO2 >60 mmHg at FiO2 <0.5

Respiratory rate <25 breaths per min

Alveolar-arterial oxygen gradient <200 mmHg

Normothermic

No signs of sepsis

Miller [47]; Loudermilk et al. [63].

ical characteristics [65]. Once the decision to perform a tra-
cheostomy is made, it should be considered that a percutaneous
bedside tracheostomy is associated with a lower complication
rate than the conventional open tracheostomy [66].

In a child with a severe burn injury and suspected pro-
longed intubation, early tracheostomy is recommended, espe-
cially if there is facial involvement and inhalation injury [67].
Early tracheostomies in patients have proved to be a safe and
effective way to secure the airway and improve ventilator man-
agement [67]. The child’s trachea is short and has increased
risk of endotracheal dislodgement or malposition [67]. The
tracheostomy decreases dead-space ventilation, increases lami-
nar flow, and decreases airway resistance [67]. Also, children do
not understand why they are intubated and are unable to stay
immobile while intubated [67]. They are unable to communi-
cate and often view the endotracheal tube as punishment [67].
When the burned child has a tracheostomy, it is easier to wean
the mechanical ventilation, and the patient will avoid multiple
intubations and manipulations of the airway [67].

Postoperative Transport and Monitors

Immediately after the surgery the patient will require a period of
close, ongoing monitoring and treatment in either the postanes-
thesia care unit (PACU) or the intensive care unit (ICU) [47].
The patient should be transported with standard monitors,
including pulse oximetry, blood pressure, heart rate, heart
rhythm, and respiration. End-tidal CO2 monitoring is useful
if available. The patient should be transferred to the PACU or
ICU with the endotracheal tube in place and a full tank of oxy-
gen. Ensure that the patient is receiving good ventilation with
hand/ bag ventilation prior to leaving the operating room. If the
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care provider is having a difficult time ventilating, the patient
may require a transport ventilator.

Continued Sedation and Analgesia

Severe pain is an unavoidable consequence of burn injury [3].
There may be multiple sites of injury involved, the patient may
require prolonged care, and there might be complicating psy-
chological and emotional issues and ongoing substance abuse
[47]. For these reasons, the burn patient’s pain is often diffi-
cult to treat. The patient’s initial pain is inversely proportional
to the depth of the burn [68]. Full-thickness burns are pain-
less because their intrinsic sensory nerves are damaged [68].
Partial-thickness burns, in which the nerves are intact, are
extremely painful [68]. The patient’s analgesic requirements
are often underestimated [3]. The burn patient will require fre-
quent excision, grafting, dressing changes, and physical therapy;
all of which will exacerbate the pain [3]. Associated anxiety and
depression can also decrease the patient’s pain threshold [3].
Pain management in these patients require an understanding
of the patient’s type of burn pain (baseline pain, acute pain, or
procedure-related pain), frequent assessment of the patient’s
pain, and ways to address breakthrough pain [3]. Also, it is
important to remember that the burn patient tends to develop
a rapid tolerance to opioids; therefore, individual titration to
effect is important [3]. Also, the burn patient tends to develop
an increasing number of receptors in response to the ongoing
painful stimulus that leads to a “wind up” of the pain over time
[47]. An interruption of the up-regulation as soon as possible
after the injury helps to reduce the analgesic requirements over
time.

The patient often requires large quantities of opioids to con-
trol the pain [3]. Morphine and fentanyl are currently the most
widely used drugs for burn pain [3]. Morphine has two phar-
macologic advantages for use in burn patients: (1) there is a low
amount of protein binding, and (2) the major metabolite is con-
jugated and removed by glomerular filtration [68]. The respira-
tory depression caused by the large doses of morphine required
for pain control can be reversed with small doses of naloxone
[68]. Intravenous fentanyl and oral transmucosal fentanyl cit-
rate are both very effective. Oral transmucosal fentanyl is very
effective in children, especially for dressing changes [69]. Post-
operatively, benzodiazepines can be useful as an adjunct to the
analgesic medication. [3] Meperidine is beneficial in the post-
operative period to prevent shivering, which will significantly
improve the patient’s comfort and reduce the pain associated
with excess movement [3]. Meperidine is not recommended for
long-term pain control in a burn patient because of the poten-
tial for the accumulation of the toxic metabolite normeperidine
[3]. Intravenous opioids are recommended early on and in the
perioperative period, but if the patient is tolerating enteral feed-
ing, the opioids should be given by this route [3].

Patient-controlled analgesia (PCA) appears to be an ideal
method for opioid administration during acute or procedure-
related pain [3]. Overdosing with a PCA is extremely rare and it
is easy to transition from the PCA to oral medications because
the patient’s daily requirements have been calculated [47].

Nonopioid analgesia is commonly used for burn patients.
Ketamine is ideal for dressing changes because it activates the
sympathetic nervous system, increases blood pressure, and
causes minimal respiratory depression [3]. Ketamine has the

associated risk of prolonged sedation, which can delay the
patient’s ability to resume oral intake [3]. Recent studies have
shown that ketamine given to burn patients immediately after
the diagnosis of sepsis significantly improves patient survival
[70]. This beneficial effect is believed to be due to an interfer-
ence with the inflammatory cascade [70]. Nitrous oxide can
also be used during dressing changes, but it usually requires an
operating room because of gas-scavenging requirements and
the state of general anesthesia induced when combined with
opioids [3]. Patient monitoring must be appropriate for the
level of sedation [3]. Dexmedetomidine is an α2-adrenergic
agonist that can be used for sedation, anxiolysis, and anal-
gesia with much less respiratory depression than that which
occurs with other sedatives [71]. Dexmedetomidine’s sedating
and anxiety-reducing effects are useful for prolonged intuba-
tion, while the analgesic effects are good for dressing changes
[71]. For minor pain, acetaminophen is recommended at doses
up to 3–4 g/day [3, 47]. Acetaminophen should be avoided in
patients with hepatic or renal failure [47].

Regional anesthesia has several indications in burns,
including: small burns, burns that are only located below the
umbilicus, or burns limited to one extremity (see Chapter 31)
[3]. An epidural or caudal anesthetic can provide excellent pain
relief in a patient with lower-extremity burns [3]. The epidu-
ral provides the unique advantage of long-term postoperative
analgesia [3]. Epidural local anesthetic is a relative contraindi-
cation in patients that require excessive debridement secondary
to the massive blood loss [3]. Epidural opioids can be used for
this situation [3]. The greatest limitation to regional technique
is the extent of the surgical field for debridement and skin graft
harvesting [3]. A regional technique should not be performed
through burned tissue [3].

Pain may persist in the burned areas long after they have
healed (see Chapter 35). Opioids may fail to treat the neuro-
pathic component of the pain [3]. Patients with chronic pain
may respond to physical therapy, behavioral therapy, and vari-
ous drugs, including methadone, antidepressants, anticonvul-
sants, and intravenous lidocaine [3].

S U M M A RY

Burn care management has improved significantly over the
years, manifested by significant improvements in morbidity and
mortality. The final goal in the treatment of a burn patient is to
help the person reenter society with maximum function con-
sistent with the injuries sustained [47]. Survivors of massive
burns report a good quality of life [72]. The size of the injury,
the age of the patient, good hand function, and the patient’s
perceived level of social support are all factors that contribute
to the patient’s perception of their quality of life [72]. This infor-
mation is useful in helping providers to make future decisions
about resuscitation, reconstruction, and rehabilitation [72].

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following is a limitation of an arterial blood
gas (ABG) in assessing the burned patient?

a. Inaccurate with respect to alveolar oxygen saturation
b. Inaccurate with respect to carbon monoxide level



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-21 CUFX276-Smith-v2 May 12, 2008 17:37

3 4 0 ■ L O V I C H - S A P O L A

c. Cannot be used in determining possible smoke inhala-
tion injury

d. Cannot be read within the first 24 hours after a burn
e. None of the above

2. Which of the following are indications for a rapid tracheal
intubation in a burn patient with upper airway injury?

a. Impending signs of airway obstruction
b. Cardiovascular instability
c. Central nervous system depression
d. Massive burn greater than 60 percent of total body surface

area (TBSA)
e. All of the above

3. What carbon monoxide level presents with hallucinations,
combativeness, and cardiovascular instability?

a. Less than 15 percent
b. 15–20 percent
c. 20–40 percent
d. 40–60 percent
e. Greater than 60 percent

4. During the hypermetabolic response that occurs after a
burn injury, the patient develops significantly elevated lev-
els of . . .

a. Catecholamines
b. Glucagon
c. Glucocorticoids
d. ADH, renin, and angiotensin
e. All of the above

5. Which of the following is correct in reference to a typical
methamphetamine lab burn patient?

a. Decreased incidence of inhalational injury
b. Decreased incidence of nosocomial respiratory failure

and sepsis
c. Often require 1.8 times greater resuscitation require-

ments
d. Smaller burn size
e. Decreased morbidity when compared with other burn

patients

6. The mortality of the burn patient is greatly influenced
by . . .

a. Type of burn
b. Extent of the burn greater than 40 percent TBSA
c. Patient’s age greater than 60 years
d. Presence of inhalational injury
e. All of the above

7. Which of the following choices is true with respect to topical
burn wound care?

a. First degree wounds require excision and grafting.
b. Second degree wounds can be treated with daily dressing

changes and topical antibiotics.

c. Third degree wounds are minor and therefore require no
dressings and are treated with topical salves.

d. All burn wounds should be left open to the air to mini-
mize bacterial and fungal colonization.

e. An occlusive dressing should never be used, since it tends
to hold the heat of the burn in.

8. Which of the following statements is true of depolarizing
and nondepolarizing muscle relaxants in burn patients?

a. Depolarizing muscle relaxants can be used safely for up
to 72 hours after the initial burn injury.

b. The hyperkalemic response to succinylcholine given after
a burn injury only lasts for about two months.

c. Patients with a burn injury are often hyposensitive or
resistant to the action of nondepolarizing muscle relax-
ants.

d. The resistance to nondepolarizing muscle relaxants can
last for up to 18 years after the burn injury.

9. Which technique can be used during surgical excision and
debridement to limit the blood loss during the surgery?

a. Tourniquets
b. Multiple surgical teams working simultaneously
c. Epinephrine- and thrombin-soaked gauze
d. Compressive dressings
e. All of the above

10. Which of the following choices are true with respect to pain
in the burn patient?

a. Analgesic requirements are often overestimated.
b. Patient’s initial pain is inversely proportional to the depth

of the burn.
c. Morphine is a poor choice for burn pain.
d. Regional anesthesia should never be considered in a burn

patient.
e. Burn patients using PCA are at significant risk of over-

dosing.

A N S W E R S

1. a
2. e
3. d
4. e

5. c
6. e
7. b

8. c
9. e

10. b
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F I E L D A N E S T H E S I A A N D M I L I TA R Y I N J U R Y

Peter F. Mahoney and Craig C. McFarland

Objectives
1. Review the military environment and the constraints this imposes on resuscitation and

anesthesia.
2. Review the issues in resuscitation of the ballistic casualty.
3. Discuss aspects of field anesthesia.

S U M M A RY

Injuries from modern military munitions can be complex
and devastating. Their management demands particular anes-
thetic and surgical skill sets including an understanding of
time-critical injury. In addition, casualty management in the
deployed military setting is subject to a number of threats and
constraints that influence how care can be delivered. This chap-
ter will consider the types of casualties that may present to
the military provider; how the care is influenced by situational
constraints, and suggest some anesthetic techniques that are
appropriate for use in the field.

I N T R O D U C T I O N

Casualties presenting to the military anesthesiologist or anes-
thetist will broadly fall into a number of groups:

1. The ill, multiply injured casualty with time-critical
injuries

2. The injured casualty needing surgery for wound care
who is stable and can wait

3. Casualties needing follow-up procedures for wound
and injury care

4. Routine problems such as appendectomies
5. Civilian patients (adult and child) falling into the above

groups

All of these would have differing requirements in the set-
ting of a large, well-resourced civilian hospital. The constraints
of the military environment can mean they are managed very
differently. This chapter is structured to try and separate the

three chapter objectives, but in reality they are interwoven and
some repetition is necessary between the different sections. The
chapter starts with an overview of these constraints.

T H E M I L I TA RY E N V I R O N M E N T

The constraints of the military environment are well described
by Bellamy’s review [1] of the differences between military and
civilian application of Advanced Trauma Life Support (ATLS®)
and include threat: danger to field medical units from attack,
austerity of environment, limitations in supplies, and casualty
density.

Threat: The Danger to Field Medical Units from Attack

Medical units, personnel, and vehicles have expected protection
under the Geneva conventions, provided they do not engage in
hostile acts outside their humanitarian function [2]. Unfortu-
nately, the “intrastate” conflicts of the late twentieth century [3]
and, at time of writing (2007), the ongoing conflicts in Iraq and
Afghanistan provide numerous instances where medical facil-
ities and personnel have been, and are, deliberately targeted.
This means that the medical response cannot be dissociated
from the prevailing security situation and casualty care has to
be modified accordingly.

Current United Kingdom (UK) military Battlefield Ad-
vanced Trauma Life Support (BATLS) [4] teaching recognizes
this and, building on the work of Butler et al. [5], considers care
under the headings of: Care under Fire, Tactical Field Care, Field
Resuscitation, and Advanced Resuscitation.

3 4 3
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Figure 22.1. Asherman™ Chest Seal. Image from www.goldenhourmed.
com

Care under Fire
Care under fire emphasizes the need to win the fire fight

and deal with the threat. Medical intervention – if any – is lim-
ited to control of catastrophic hemorrhage with a tourniquet;
rolling the casualty face down to minimize airway obstruction;
and placing an Asherman™ Chest Seal (Figure 22.1). The
Asherman™ Chest Seal is a circular adhesive seal that is placed
over a penetrating chest wound. It includes a one-way valve to
allow air to escape from the chest but not to be drawn into the
chest through the wound.

The imperative is to manage the threat and get to the next
level of care. Summoning additional help or evacuation assets
depends on an intact communication system (radio or other)
and the state of the battle. The response to this request depends
on what other military tasks are already in hand. For isolated
units or individuals, help may take some time to arrive.

Tactical Field Care
Tactical field care is when the immediate threat has been

dealt with but the environment is still not safe. Casualty assess-
ment is done rapidly. Interventions may include hemostatic
agents for control of catastrophic hemorrhage, basic manual
airway maneuvers and use of nasopharyngeal airway, needle
decompression of tension pneumothorax, and control of non-
catastrophic bleeding sites and limited fluid resuscitation.

Field Resuscitation
Field resuscitation is usually at the Regimental Aid Post and,

in the UK system, it is the point at which the casualty meets a
medical officer who can perform a more thorough examination
and some invasive procedures. This level of care is constrained
by lack of diagnostic equipment and limited medical supplies:
The Regimental Aid Post has to be a mobile asset to keep up with
the forces being supported. The aim is to evacuate the casualty
back to a higher level of care.

Advanced Resuscitation
Advanced resuscitation is where the casualty will meet a

trauma team that will usually include an emergency physician
and an anesthesiologist. Depending on the type of facility, there
will be diagnostic capability including X-ray and ultrasound.
Some of these facilities will have the capability of performing
surgery. Even advanced resuscitation facilities may need to be
mobile, which imposes constraints on care. This concept is fur-
ther considered in the next section.

Austerity of Environment

Military personnel deployed on operations are likely to find
themselves working in an environment where the local infra-
structure has been damaged, if not destroyed. The military sys-
tem will attempt to create its own infrastructure to sustain the
operation. This will include creation of a medical infrastructure,
but compromises have to be made depending on the state of the
battle, the duration of the military deployment (i.e., whether
it is a new or a “mature” deployment), and competition with
other military priorities.

Within austerity comes the concept of mobility. A mobile
medical facility has to move its personnel, shelter, food, water,
and fuel, as well as medical supplies. All are competing for space
and lift. Mobile facilities rely on evacuation of patients or they
may become “fixed” in place. So, if a mobile surgical facility
knows it will be moving in an hour, can they start a laparotomy
that may take two hours?

Mobile surgical teams have previously quantified their sup-
plies and equipment as, for example, being “capable of per-
forming 20 cases prior to resupply.” This fails to differentiate
between the casualty with one wound and the multiply injured
casualty who will use up consumables very quickly. It may be
better to describe capability in terms of “wounds” or “body
cavity surgeries” that can be dealt with. Use of the term “cases”
and linking this with resupply also confuses military planners:
if a particular mission is predicted to cause 20 casualties, they
may not appreciate that a single surgical team has to operate on
them one at a time.

Limitations of Supplies

Medical supplies have to compete in the military logistic system
with other supplies and consumables. The longer and more
vulnerable the supply chain, the greater the need to conserve
materials and use them carefully. Some items (such as blood
and drugs) need a “cold chain” for their safe transport and have
a limited shelf life. Others are more robust. The availability
and quantity of medical supplies will influence what clinical
procedures can be performed and, in turn, what triage and
resuscitation protocols should be followed.

Casualty Density

A facility treating war wounded must be prepared to receive
large numbers of casualties. The casualty load may increase
steadily or a large number may arrive suddenly [6]. When the
number of casualties outstrips resources, triage is initiated. This
situation may arise with few or many casualties depending on
the facility and resources.

Triage may be defined as: Sorting casualties and the assign-
ment of treatment and evacuation priorities to the wounded
at each echelon of medical care. For any individual patient,
triage priorities for first aid, surgery, and evacuation are likely
to be different and will change according to how that individual
responds to treatment [7].

Military Approaches to Deployed Medicine and Surgery

The military have a number of approaches to deployed medicine
and surgery. These include:
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■ Deploying medical facilities with equipment and stan-
dards to allow medicine, surgery, and anesthesia at or
close to Western clinical practice. These may include
modularized operating theaters and intensive care
units. The movement of these facilities and their ongo-
ing support is resource intensive.

■ Deploying independent mobile teams. These are less
resource intensive but are more limited in the service
they can provide.

■ Deploying military teams that may work along side or
with host nation medical personnel in local hospitals.
This is more likely to occur during disaster relief opera-
tions than in armed conflict. Depending on the nature
of the mission, this can have significant security and
safety implications for both the military personnel and
the local people. Nongovernmental organizations and
intergovernmental organizations face similar decisions.

Populations Being Cared For

The military population at risk tends to be young and fit and
some prediction of likely injuries and casualty numbers can be
made by using casualty templates from similar conflicts. The
situation is more complicated if a civilian population is being
cared for as will happen on disaster relief operations or when
civilian casualties are entering the military system during war
fighting and insurgency [8].

When nongovernmental organizations and intergovern-
mental organizations or the military are treating the local pop-
ulation, they may find they are attempting to deal with chronic
health conditions and fill gaps in the local health care system as
well as manage acute injury.

The situation becomes even more complicated when casu-
alties are being transferred between health care systems when
they have had their initial surgery in the other system. This will
be considered next.

Receiving Casualties

Medical facilities need to prepare to receive casualties well before
they arrive.

This preparation will include:

Logistic Preparation
■ Casualties exposed to chemicals or other noxious agents

will need decontamination before entering the hospital.
■ Where casualties are arriving by helicopter, trained

teams must be there to meet the aircraft and receive
the casualties.

■ In a military field hospital this preparation will include
putting a system in place to safely remove the casualty’s
weapons and ammunition.

■ Where there is a threat of terrorist attack, including sui-
cide bombing, screening and searching of some casual-
ties and relatives for explosive vests and ordnance will
be necessary.

Clinical Preparation
■ Activating the trauma team and notifying other key per-

sonnel. Key personnel include translators for civilian

patients, administrative staff for patient tracking and
documentation, x-ray technicians, and laboratory staff.

■ A hospital receiving trauma patients needs to define
what criteria will initiate trauma team activation. These
criteria can be based on a combination of history, vital
signs, and injuries.

■ Many systems include any gunshot wound as an activa-
tion criterion. In field hospitals, this criterion may be
augmented to include blast- and mine-related injuries.

Passage of Information and Task Allocation
■ The trauma team needs to be briefed with any prehos-

pital information that is available.
■ The running of the team is aided by an effective and

organized team leader and clear allocation of tasks and
roles to the team members in advance of the casualty
arriving.

■ UK military use the MIST handover:
M = Mechanism of injury

I = Injuries sustained
S = Signs and symptoms
T = Treatment given [4]

Special Considerations for Different Patient Groups

Anesthesia, surgery, and resuscitation are very closely linked,
especially in the management of the acute multiply injured
casualty. This chapter will concentrate on the acutely injured
casualty, but first, a number of practical points should be made.

Civilian Patients
With civilian contactors, one must be beware of unde-

clared long-term medical illnesses and surgical histories that
would have influenced their employability and deployabil-
ity. Recent UK and American experience includes patients
with poorly managed cardiorespiratory disease (hypertension,
angina, steroid-dependent asthma), diabetes, immunologic
compromise, and malignant tumors. For host nation civilian
patients in conflict environments, disruption of the health care
service will often mean that acute and chronic health conditions
have not been managed and this will complicate resuscitation
and anesthesia.

Children
The main practical issue with children is estimating age and

weight such that drug and fluid doses can be adjusted accord-
ingly. A solution is to use a system such as the Broselow® tape
(Armstrong Medical Industries Inc, Lincolnshire, Illinois) to get
the child’s weight and appropriate drug doses and tube sizes.
This can be used to calculate the child’s blood volume and likely
fluid requirements. If the resuscitation tables are covered in dis-
posable sheets, these calculations can be written on the sheets
as memory aids, using indelible markers, and then transposed
into the clinical notes.

Receiving from Another Health Care System
Recent operational experience has included receiving post-

operative casualties from civilian and allied military health
care systems with poor documentation of the treatment given.
For example, patients may be showing signs of sepsis that has
resulted in surgical reexploration of the injuries only to find
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retained swabs and leaking anastomosis. The issue is not to crit-
icize the other system as they may be working under immense
difficulties and pressures, but to remind clinicians to take an
objective look at each patient transferred in and undertake a
thorough examination and investigation.

R E S U S C I TAT I O N O F T H E B A L L I S T I C
C A S UA LT Y

The principles that guide resuscitation of the ballistic casualty
are essentially those described in the ATLS® and BATLS 2005™
Courses. The following section will highlight the differences and
peculiarities associated with resuscitation of ballistic injury.

Casualties from Improvised Explosive Device (IED)

Casualties suffering from improvised explosive device (IED)
attacks often have a combination of penetrating and blunt
trauma complicated by burn injury. The exact injuries depend
on the type of device used in the attack, location of the victims
in relation to the explosion, whether they were on foot or in
vehicles, and whether there was additional injury from small
arms fire. These casualties often have multisystem, multicavity
injury and need rapid resuscitation and surgery.

Casualties from Sniping

Casualties from sniping attacks may have various injury pat-
terns depending on whether helmet and body armor was worn
at the time of the attack and whether armor-piercing rounds
were used in the attack.

C ATA S T R O P H I C H E M O R R H AG E

The UK BATLS 2005™ course teaches the paradigm “<C>

ABC” where “<C>” is for catastrophic hemorrhage, “A” for
airway, “B” for breathing, and “C” for circulation [9]. This is
in recognition of the high incidence of limb injuries and junc-
tional injuries (groin, axilla) in ballistic casualties associated
with devastating rapid blood loss. Many of these injuries are
survivable if the bleeding is rapidly controlled.

Catastrophic hemorrhage should have been dealt with by
prehospital providers, prior to the casualty arriving at a treat-
ment facility. If tourniquets are present, one must check that
they are working, and that ongoing resuscitation has not raised
the patient’s blood pressure and overcome the tourniquets. If
tourniquets are not in place and are needed, they are applied.
Pressure dressings and hemostatic materials are used as needed.

Airway and Cervical Spine Control

Simple First
The primary issue is ensuring oxygenation of the casualty.

The method of basic airway care will depend on the casualty’s
injuries, the skill of the caregiver, and the resources available.

Think: suction, jaw thrust, nasopharyngeal airway, oropha-
ryngeal airway.

Give: oxygen.

Cervical Collars
The issue about whether or not cervical spine immobiliza-

tion is needed in ballistic injury is the subject of ongoing debate.
The prevailing view is that for military grade weapons produc-
ing high-energy transfer wounds to the cervical spine, the vast
majority of patients will die very rapidly after being shot. If they
survive to reach care and they have an unstable injury, this will
be associated with neurologic deficit.

In the absence of neurological deficit, the bony cervical
spine is likely to be stable. This observation is derived from
the Wound Data and Munitions Effectiveness Team database
compiled between 1967 and 1969 in Vietnam [10].

In the ballistic casualty, the pragmatic approach for field
care is that cervical spine immobilization should be undertaken
in the presence of blunt injury (road accidents), combined blunt
and penetrating injury (IEDs), but not in penetrating ballistic
injury alone (if there is no neurologic injury). In ballistic injury,
cervical collars can conceal developing hematoma and tracheal
deviation [11]. The experience of the 10th Combat Support
Hospital in Baghdad in 2006 was that collars could also conceal
penetrating occipital injury.

Collars were used as a means of keeping dressings in place
over neck wounds and minimizing head and neck movement
in the presence of neck vascular injury, in effect stabilizing ves-
sel injury prior to surgery rather than preventing neurologic
injury.

The approach adopted at the 10th Combat Support Hospital
was to acknowledge that use of a cervical collar is a balance of
risk and benefit, to accept and understand whatever decisions
the field providers had made, but to place immobilization in
ballistic neck injury until the exact nature of the injury had been
determined by using computed tomography (CT) imaging [81].

Laryngoscopy and Collars
In the presence of a cervical collar, laryngoscopy becomes

more difficult. A successful management plan has been des-
cribed by Criswell et al. [12] and is adapted in the following
sequence.

Endotracheal intubation when a cervical collar is in situ

i. Explain and confirm the airway management plan
with all team members.

ii. Allocate roles.
iii. Have an assistant provide manual in-line immo-

bilization of the cervical spine.
iv. Remove the equipment stabilizing the c spine (in

the case of collars, this may mean unfastened and
opened rather than completely removed).

v. Preoxygenate the patient (ideally 2 to 3 minutes,
but this depends on the patient’s condition).

vi. Have a separate assistant apply cricoid pressure
vii. Perform rapid sequence induction (RSI), intu-

bate the trachea, and confirm the position of the
endotracheal tube (direct vision, auscultation, and
capnography).

viii. Reapply the stabilization devices.

In this situation management must include appropriate
equipment and a rehearsed plan for dealing with a Grade
2–3 laryngoscopy and failed intubation. A gum elastic
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bougie and a small-diameter endotracheal tube should
be available.

Tracheal Compression
Survivors of penetrating trauma to the neck are at risk for

tracheal compression from hemorrhage. If this is suspected,
and particularly if the patient is to be moved for CT or other
imaging, the trachea should be intubated early under controlled
conditions rather than as an emergency when the airway is
compromised, narrowed, or displaced.

Partial severance of the trachea is a rare but potentially dis-
astrous situation and attempted endotracheal intubation may
complete the disruption. Extreme care must be exercised with
positioning the head and neck. Management options include:

■ Fiberoptic intubation
■ Surgical airway sited below the injury
■ Careful direct laryngoscopy and intubation using a

small endotracheal tube.

Burns
Burns of the head and neck represent a potential major air-

way hazard. If there is any doubt about the possibility of devel-
oping airway compromise, then early endotracheal intubation
is required especially if patient transfer is anticipated.

In the absence of anesthetic training, drugs and equipment
to achieve this, or in other situations where endotracheal intu-
bation is not possible or has failed, an urgent surgical airway is
required. Practically, this means a surgical cricothyroidotomy
in most situations. The aim is to secure the airway with a cuffed
tracheostomy tube of 6.0-mm internal diameter or greater.
This provides a definitive airway through which the patient
can breathe or receive intermittent positive pressure ventila-
tion. On very rare occasions in the prehospital environment it
may be necessary to perform a cricothyroidotomy in an awake
patient with progressive airway obstruction. This will require
local anesthesia of the area.

Breathing

The exact diagnosis of chest injury in patients with major
trauma can be difficult. This is especially true in the noisy field
environment or during transport in an ambulance or helicopter.
The main concerns are recognizing and appropriately treating
the immediately life-threatening thoracic injuries and detecting
pneumothorax and hemothorax.

Approximately 15 percent of low-energy transfer ballistic
injuries to the chest will require emergency surgery; the remain-
der can be managed by the placement of a chest drain. The
mortality associated with high-energy transfer wounds is sig-
nificantly greater, and those casualties that survive to reach a
medical facility may have significant tissue destruction and loss.
The elastic composition of lung makes it relatively resistant to
the effect of high-energy transfer and cavitation, unlike the solid
abdominal organs, but large wound tracts in the lung can still
be a source of significant bleeding.

Penetrating chest trauma may result in an open or sucking
chest wound. These can be managed by the application of an
Asherman™ Chest Seal, as described earlier. Following this, a
chest drain should be inserted.

Circulation/Hemorrhage Control

Recognition
The detection of the clinical signs of hemorrhagic shock

are essential in assessing the injured patient. These include vis-
ible bleeding, tachycardia, poor peripheral perfusion, and, in
later stages, decreased level of consciousness. Visible bleeding
that has not been managed under <C> needs to be controlled
quickly by direct pressure, elevation, and/or tourniquets. The
history and clinical signs should produce a high index of sus-
picion for nonvisible bleeding.

Clinical examination for intraabdominal and thoracic
bleeding at the medical facility may be augmented with
lightweight, portable, handheld ultrasound machines during
the circulation assessment of the primary survey.

Broadly then, hemorrhage can be differentiated into:

1. Compressible hemorrhage that can be controlled by
direct pressure or limb splinting. When this bleeding is
controlled (i.e., the “tap” turned off), and in the absence
of cavity bleeding, the casualty can receive fluid resus-
citation with near-normal blood pressure as the goal.

2. Noncompressible hemorrhage (e.g., bleeding into the
abdomen or chest) that requires urgent surgical inter-
vention. (i.e., the tap cannot be turned off in the
resuscitation department). Current views are that man-
agement of this situation may involve hypotensive
resuscitation.

Hypotensive Resuscitation
Hypotensive or minimal volume resuscitation to a systolic

blood pressure of approximately 80–90 mmHg is increasingly
being advocated in trauma resuscitation. This is not a new
approach as vascular surgeons have been advocating a mini-
mal fluid resuscitation approach for ruptured aneurysms for
a number of years. This approach is based on the belief that
giving excess fluid may raise the blood pressure, disrupt clots,
cause rebleeding, and increase blood loss [13].

This technique is not appropriate in all trauma patients
[14] and is not recommended in patients who are enduring a
prolonged entrapment or who have a head injury where it is vital
to maintain an adequate cerebral perfusion pressure to ensure
the best outcome from the cerebral injury. Experimental work
on blast injury has also shown that hypotensive resuscitation is
detrimental.

Consensus guidelines for prehospital trauma care state that
fluid should not be given to trauma patients before hemor-
rhage control if a radial pulse can be felt. In the absence of a
radial pulse, 250-mL aliquots of normal saline may be given but
stopped temporarily once the pulse returns [13]. The patient
should be monitored for subsequent deterioration. In pene-
trating torso trauma, the presence of a central pulse may be
considered adequate. This strategy requires rapid definitive sur-
gical control of hemorrhage and it may be the timing of surgery
rather than the volume of fluid transfused that is the defining
issue.

F LU I D S

In fixed civilian establishments, the choice of fluid (crystal-
loid, colloid, blood, or hypertonic hyperosmotic solutions) will
be influenced by its clinical effect and unwanted effects. In the
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military, factors such as weight, ease of transport, and storage
characteristics must be considered.

Different scientific models of hemorrhage have been devel-
oped in an attempt to analyze this complex issue and various
studies have been performed comparing the effects of different
fluid regimes [15, 15a]. Work is ongoing looking at the beneficial
and detrimental immunologic effects of different resuscitation
fluids.

Hemostatic Resuscitation

The resuscitation protocols being developed by the U.S. mili-
tary are pushing the envelope beyond current “damage control
surgery” concepts [16]. The work done by the 10th Combat Sup-
port Hospital built on previous work done by the 86th Combat
Support Hospital.

Critical casualties would receive Group O blood, freshly
thawed plasma, and rFVIIa in the emergency room. The initial
blood products were given in accordance with a “massive trans-
fusion protocol” and the rFVIIa was given in accordance with
a United States Army Institute of Surgical Research approved
protocol (see also Chapter 7) [80].

The massive transfusion protocol at the hospital allowed for
the immediate release of four units of blood and two units of
freshly thawed plasma to the emergency room (Figure 22.2, see
also color plate after p. 294). Subsequent products were released
as blocks of six units of blood, six of freshly thawed plasma, ten
of cryoprecipitate, and six of platelets. The “6/6/10/6” order
could be continued or modified by the clinical staff in con-
sultation with the laboratory as dictated by the patient’s clin-
ical response and laboratory results. Further work is ongo-
ing to determine whether whole blood has clear advantages
over transfusion of blood components and if either approach
has advantages in particular circumstances. For example, a
“walking donor” panel (prescreened volunteer donors) may
be the only source of clotting factors where the infrastructure
for blood collection, component separation, and storage does
not exist.

The aim at the 10th Combat Support Hospital was to rec-
ognize critically injured patients early by understanding the
mechanism of injury, the anatomic injuries sustained, and early
signs of deranged physiology (such as acidosis, base excess, and
coagulopathy). The resuscitation of these patients was man-
aged with early blood and blood component therapy (blood:
fresh-frozen plasma [FFP] given in a 1:1 ratio), limited crystal-
loid resuscitation, and point-of-care monitoring of blood gases,
electrolytes, blood sugar, and early correction and management
of abnormalities.

Point-of-care testing was done with i-STAT analyzers
(www.Abbotpointofcare.com) for blood gases and electrolytes.
Toward the end of the mission, cartridges for clotting stud-
ies were also introduced. The i-STAT analyzers were essential
for managing these critically ill patients but had to be kept in
insulated blood boxes or outside the operating room (OR) as
the temperature in the OR was frequently beyond that of their
operating range.

Not all casualties responded because some had lethal
injuries that became apparent during the course of surgery and
resuscitation. However, the majority of patients did respond
to the extent that definitive procedures such as limb salvage
rather than damage control procedures could be attempted.

If the patient was unable to cope with this definitive surgery
due to derangements in their physiology and biochemical
parameters, then an abbreviated procedure was done and the
patient taken ventilated to the intensive care unit for further
care.

Disability

The majority of casualties who sustain a high-energy transfer
wound to the head do not survive to medical care [17]. In head-
injury survivors, the primary head injury can be compounded
by secondary injury as a result of hypoxia and hypotension.
The fundamental principle of resuscitation for central nervous
system injury is prevention of secondary brain insult through
avoidance of hypoxia, hypercapnia, and hypotension. There is
an obvious conflict between the need to maintain blood pres-
sure and cerebral perfusion pressure and the need to avoid
uncontrolled bleeding from the abdomen and chest.

Military penetrating brain injuries frequently arise from
fragments rather than from bullets. In this situation casualties
who survive to reach medical care are a preselected group who
have generally received low-velocity fragment injuries, and the
outcome for both survival and rehabilitation in this group is
good [18]. Exceptions can occur when very rapid evacuation
systems bring live casualties with unsurvivable brain injuries to
the medical facility within minutes of injury.

Environment

Ballistic casualties, especially those that received their injuries
in an austere location or on a battlefield, may be markedly
hypothermic on arrival at the medical facility. Climatic condi-
tions, transport times, and the severity of injury will affect this.
Hypothermia compounds coagulopathy and is associated with
increased mortality (see also Chapter 29). During resuscitation
and in theater, active measures including warm air blankets,
environment control, and warmed fluids should be routinely
employed.

The U.S. and UK military are making major efforts to com-
bat hypothermia during the evacuation of casualties from the
battlefield.

F I E L D A N D M I L I TA RY A N E S T H E S I A

Patients are likely to present for anesthesia in two broad phases:

E A R LY

1. As part of the patient’s resuscitation, including anes-
thesia for surgical control of hemorrhage and damage
control surgery.

2. Anesthesia for early wound debridement and major
fracture stabilization.

These “acute” interventions will usually take place in a casu-
alty who is shocked, cold, and likely to be at risk for pulmonary
aspiration. The anesthetic management here follows the general
principles of emergency anesthesia (see Table 22.1). Successful
management depends not only on technical skills but also on the
ability to continually reassess patients whose clinical condition
may be subject to rapid and unexpected deterioration.
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TIME = 0

        Initial labs drawn
     **Type&Cross** 

    Immediately gets 4 donors from RTD tent
      or from CSH to “prime” pump 

Additional donors
   called from phone
   list ~8 at a time 

Any gaps in 30 MINUTES
   donors
   filled with
   additional
   donors 

60 MINUTES

     > Provide extra runners 90 MINUTES 
                 > Provide extra nursing 

for blood drawing 
or screening

120 MINUTES

Blood Bank 

DCCS

4 pRBC
4 FFP  

Suspend
routine
duties

Get help 
Whole Blood
Drive 

Massive
Transfusion
Pack:
4 pRBC
4 FFP
10 cryoppt   

4 pRBC
4 FFP  
1 6pk platelets 

4 FWB

4 pRBC
4 FFP  

4 FWB

“Walking 
blood bank” 

PROTOCOL TERMINATED WHEN NO LONGER NEEDED 

Surgeon

Nursing Supervisor

Emergency
release
pRBCs

Figure 22.2. Example of massive transfusion protocol. A whole-blood drive could be called if the attending
surgeon or anesthesiologist decided this was appropriate. Injury patterns of two limbs plus a body cavity were
an indicator that whole blood would probably be needed as was ongoing transfusion of greater than 20 units of
packed cells, 20 units of plasma, and other components. pRBC, packed red blood cells; FWB, fresh whole blood;
FFP, fresh-frozen plasma; cryoppt, cryoprecipitate; RTD, return to duty; DCCS, damage control casualty station;
CSH, Combat Surgical Hospital.

L AT E

This includes anesthesia for relook and delayed procedures.
Anesthesia in this situation will depend on the patient’s overall
condition. A “relook” for continued bleeding is likely to be
similar to the acute interventions outlined above and commonly
will involve intensive care patients where the surgery will be a
necessary part of their ongoing management. In contrast, an
anesthetic for delayed primary suture in a single-limb injury in

a well-resuscitated patient several days postinjury is more likely
to be similar to a straightforward day case anesthetic.

Planning Anesthesia

Casualties injured by modern munitions containing preformed
fragments are likely to have multiple penetrating injuries to
different body areas [19] and may need frequent repositioning
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Table 22.1: General Principles of Emergency Anesthesia∗

1. Perform preoperative assessment of patients. This may be very
brief and amount to simple triage.

2. Undertake appropriate resuscitation. Appropriate may mean
“hypotensive” depending on the situation and type of injury.

3. Explain to the patient what is happening and what is planned
and ask for their consent. This will often be done via a
translator in NGO/IGO work and consent may involve relatives
or societal elders.

4. Check anesthetic equipment and drugs, including the
availability of suction apparatus and the ability to tilt the
operating table or stretcher.

5. Preoxygenate the patient where possible if oxygen is available,
but remember it may need to be rationed. Oxygen sources
include cylinders and concentrators.

6. Confirm the plan with the anesthetic assistant. When working
with NGOs the training of operating theater helpers may have
to be brief and to the point.

7. Perform airway protection for the patient with endotracheal
intubation (or a surgical airway) if indicated and if possible. In
general, battlefield trauma casualties should be treated as
having full stomachs and being at risk for aspiration.

8. Monitor the patient during anesthesia and surgery. The ideal
situation is a trained and alert anesthetist working with reliable
electronic monitors. For field work the anesthetist must also be
trained and experienced in monitoring by physical signs only
and in using manual monitoring such as stethoscope and
sphygmomanometer.

9. Agree on realistic and appropriate surgical goals.
10. Safe recovery of the patient. This may have to be in the

operating theater. In the absence of ITU facilities or
postoperative ventilation patients need to be able to breathe for
themselves soon after operation.

∗On deployment, be aware of the current military situation and any
constraints this imposes on clinical care.
NGO, nongovernmental organization; IGO, intergovernmental
organization; ITU, intensive care unit.
From: Cantelo R, Mahoney PF. An introduction to field anaesthesia. Curr
Anaesth Crit Care 2003;14:126–30.

during surgery [20]. Fragments and bullets cross body cavities
and regions and therefore the theater team must be prepared for
the surgeon to convert an abdominal operation into a thoracic
one and vice versa.

What Type of Anesthesia Can Be Provided?

The type of anesthesia provided depends on a number of factors
and includes:

1. The training and background of the anesthesia
providers

2. The facilities and personnel for patient preparation,
recovery, and postoperative care

3. A relatively secure environment to work in. The defi-
nition of “relatively secure” is broad and can be inter-
preted as anything from good operating theater climate

control and rest facilities to no direct threat toward the
operating team at that time.

4. Infrastructure. This includes electricity, water, shelter,
laboratory support, and availability of blood. Most ele-
ments can be worked around if absent. Examples are
generators instead of main electricity, hand ventila-
tion instead of mechanical ventilators, head torches if
light sources are unreliable, walking blood donors if
there is no banked blood supply, and stored water if
there is no running water supply. The lack of resources
imposes restrictions on how anesthesia and surgery can
be achieved and influences the anesthetic technique
used for a particular operation.

Anesthetic Techniques

Field anesthetic techniques can be divided into local, regional,
general, and combinations of all of these. General may be a
single agent such as ketamine, or a combination of intravenous
and inhalational agents.

What Techniques Have Been Described?
If modern agents and equipment with quality monitoring

and inbuilt safety devices are available they should be used.
Modularized operating theatres are likely to provide this. Devi-
ation from this will be dictated by circumstance.

General Anesthesia Using Volatile Agents

Standard hospital-based anesthetic machines in the UK rely on
supplies of compressed medical gases for operation. In the field
environment medical gas supplies cannot be guaranteed, hence
the use of drawover techniques [21] with air as the carrier gas
and oxygen supplemented from concentrators or cylinders. The
use of compressors and oxygen concentrators has simplified the
provision of compressed gas supply.

The “Epstein and Mackintosh of Oxford ether inhaler
(EMO)” and ether are widely used in developing countries.
Most Western anesthetists have little experience with ether, the
EMO is relatively bulky, and use of ether is hazardous in the
military environment [22].

At time of writing, the British military deploy with the Pen-
lon Triservice Anaesthetic (TSA) apparatus [23]. The U.S. mil-
itary deploys with the Draeger Narkomed M for use in field
hospitals, and a drawover vaporizer for use in the more mobile
forward surgical teams. Other systems have also been designed
for field use and are suitable for the military [24], for aid agen-
cies, or in developing countries.

The TSA apparatus can be used as a simple drawover sys-
tem with spontaneous ventilation, as a manually controlled
intermittent positive pressure ventilation system, or with a
mechanical ventilator. Mechanical ventilation can be in dra-
wover or pushover modes. The apparatus is compact and
robust and it has been used successfully in many opera-
tional environments [20, 25, 26]. The original description by
Houghton included using two Oxford Miniature Vaporisers
in series. One Oxford Vaporiser contained halothane and the
other trichloroethylene. Trichloroethylene provided analgesia.
The system can be further simplified to one vaporizer and
resuscitation bag for forward use or in disaster settings. Dis-
advantages of the Oxford Miniature Vaporiser include lack of
temperature compensation, the small volume of anesthetic
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agent it contains, and the potential risk of contaminating the
circuit with liquid volatile agents should the vaporizer be tipped
over, although this should not happen if the vaporizer is cor-
rectly secured.

The apparatus has been used successfully with enflurane,
isoflurane, and halothane. Current UK military practice usually
involves air (supplemented with oxygen) as the carrier gas and
isoflurane as the volatile agent. At time of writing, UK forces
use the CompPAC ventilator [27].

If working with aid agencies, anesthetists can expect to have
to use older, less expensive agents. Where inhalational agents
are neither available nor appropriate, intravenous anesthesia is
an alternative.

Total Intravenous Anesthesia (TIVA)

The use of intravenous anesthesia in war was criticized by Hal-
ford [28], although contemporaneous reports gave advice on
how IV anesthesia should be used appropriately [29, 30] and
this was the subject of an article in 1995 [31].

A number of different intravenous techniques have been
described by UK military anesthetists. These range from
ketamine increments [26] to mixtures of agents given alone
or in combination with a volatile anesthetic.

Restall et al. [32] described using a maintenance mixture of
ketamine, midazolam, and vecuronium delivered by a syringe
pump for intubated patients whose lungs were being venti-
lated with air. This was felt to be an appropriate technique for
the initial anesthetic for battle casualties. A later study found
the ketamine/midazolam combination to be comparable to one
based on propofol and alfentanil [33] and use of a propofol/
alfentanil combination was reported in the 1990–1991 Gulf War
[34]. A subsequent technique for patients who could be allowed
to breathe spontaneously (e.g., fasted casualties undergoing a
delayed primary suture of a wound) involved a background
infusion of ketamine, midazolam, and alfentanil supplement-
ing the inhalation of isoflurane in oxygen enriched air [35]. A

Figure 22.3. An Iraqi patient undergoes surgery on a traumatically
amputated thigh while spontaneously ventilating. He did not have
any regional anesthetic and is receiving a titrated mixture of propo-
fol, ketamine, and fentanyl mixed in one bag. Photo courtesy of
C. McFarland.

propofol/remifentanil infusion is also suitable for field use with
ventilated patients.

Potential disadvantages for infusion-pump-based IV anes-
thesia include servicing and maintenance of the pumps and
batteries in the field and supply of the necessary consumables
and disposables from the logistic chain. In the absence of intra-
venous infusion pumps or power supplies, intravenous anes-
thetics and anesthetic/analgesic mixtures can be injected into
bags of compatible intravenous fluid and titrated to effect (see
Figure 22.3, see also color plate after p. 294).

Example of Anesthesia Recipe

An infusion of 4 mg of propofol, 2.5 mg of ketamine,
and 2.5 µg of fentanyl per milliliter of solution is eas-
ily administered. To mix the solution, 40 mL of 1 per-
cent propofol, 250 µg (5 mL of 50 µg/mL) of fentanyl,
and 250 mg of ketamine (5 mL if using 50 mg/mL con-
centration) are added to 50 mL of saline (see Figure
22.4, see also color plate after p. 294). Using a standard
20 drop/mL drip set and assuming an 80-kg patient, one
drop per second equates to a propofol infusion rate of
150 µg · kg−1 · min−1 (or 9 mg · kg−1 · hr−1). One drop
every three seconds equates to a propofol infusion rate
of 50 µg · kg−1 · min−1 (or 3 mg · kg−1 · hr−1).

For most soldiers, these rates provide good starting
points for a range of anesthetics, and the infusion rates are
easily titrated as needed, based on the patient’s response
(or lack thereof) to ongoing surgical stimuli. This infu-
sion can be terminated at the end of the case, or contin-
ued in the intensive care unit at lower rates to provide
sedation and analgesia.

This mixture (4 mg of propofol, 2.5 mg of ketamine,
and 2.5 µg of fentanyl per milliliter of mixture) contains a
fairly high dose of ketamine relative to fentanyl. Although the

Figure 22.4. Equipment required for the Field TIVA technique described
in the box. The medications are propofol, fentanyl, and ketamine. The
drip set is 20 drops per milliliter. No anesthesia machine, infusion pumps,
batteries, or electricity are required to deliver an anesthetic in this manner,
resulting in minimal logistical impact. Photo courtesy of C. McFarland.
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pharmacokinetics and pharmacodynamics of propofol and opi-
oids given concurrently has been elucidated by several studies
[36–38], and the use of propofol-ketamine combinations has
also been described [39], there are currently no studies that
model the effect of infusing these three agents simultaneously.

Our impression is that, as the propofol is rapidly redis-
tributed from its effect site and spontaneous ventilation returns
quickly, the pharmacokinetics of ketamine and fentanyl results
in a slow return to full arousal. The clinical result is a patient
who is sedated and comfortable, but who maintains his own
airway. This is of obvious benefit, especially when nursing care
is at a premium in the combat hospital or field environment.

In a patient in whom postoperative sedation is to be mini-
mized, that is, the patient is expected to perform self-care, it may
be desirable to omit ketamine from the mixture. Ketamine can
still be used in more limited amounts as an analgesic adjunct
during or after the operation in doses of 0.1–0.25 mg/kg as
needed. This takes advantage of the opioid-sparing effects of
ketamine, without substantially risking its adverse psychotropic
effects [40–45].

Another modification of the TIVA mixture involves sub-
stituting an equipotent amount of sufentanil for fentanyl. The
faster elimination of sufentanil allows for a more speedy return
to full arousal [38], although the time to first postoperative
opioid requirement is expected to be reduced as well.

Ketamine
Ketamine has the disadvantage that there is limited experi-

ence of it in routine UK practice. The anesthetic technique that
anesthetists can best use under pressure is usually the technique
they are most familiar with.

Ketamine has a large number of pharmacologic effects and
clinical uses [46, 47]. In addition to the combinations just
described, ketamine can be used as a sole anesthetic agent either
by intravenous or intramuscular injection [48]. Although the
patient’s upper airway reflexes remain more competent with
ketamine than with other sedative agents [49], they are not guar-
anteed [50], and airway obstruction, apnea, and pulmonary
aspiration can occur.

Where practical, patients receiving ketamine deserve the
same degree of preoperative preparation and intraoperative and
postoperative care as those receiving other agents. Ketamine
increases salivary secretions and use of a prophylactic antisial-
ogogue such as atropine or glycopyrrolate is helpful.

Ketamine’s sympathomimetic effect usually causes an
increase in blood pressure and heart rate and it is very use-
ful in hemodynamically compromised patients [51], although
blood pressure in these patients may fall on induction of anes-
thesia with ketamine. Ketamine is associated with emergence
phenomena, but the incidence of this is decreased by benzo-
diazepines. Both the emergence phenomena and heavy use of
benzodiazepines prolong recovery time, which must be consid-
ered if early evacuation of the casualty is going to take place.

The reported side effects of ketamine have for decades tem-
pered enthusiasm for its use. However, there has been a resur-
gence of interest in the drug, and it has been the subject of a
number of studies that have refined our understanding of its
effects. The results are summarized in Table 22.2. Interestingly,
ketamine has been shown to improve mood and possibly allow
earlier return of cognitive function when used with propofol
[52].

Table 22.2: Updated Effects of Ketamine

Previously Reported Side
Effect of Ketamine Results of Most Current Research

High rate of
psychotomimetic effects

When combined with
premedication, incidence occurs
between 0 and 2%.

Psychotomimetic effects are related
to plasma concentration of
ketamine [65], which are reduced
via S(+)-ketamine and advances in
TIVA and TCI.

Increased ICP When subjects are controlled for
arterial carbon dioxide
concentrations, there is no direct or
indirect increase in ICP [66, 67].

Cardiovascular depression
and stimulation

There is no human in vivo evidence
of myocardial depression.

Myocardial depression was only seen
in canine in vitro myocardial tissue
at extreme (nonclinical) levels of
ketamine [68].

In vitro, ketamine has been found to
be the least potent
cardiodepressant of all IV
anesthetics [69].

Cardiac stimulation is consistently
attenuated with benzodiazepine
premedication [70].

Increased salivary and
tracheobronchial
secretions

Antisialogogues, especially
glycopyrrolate, are efficient at
attenuating an increase in secretions.

Courtesy of Grathwohl K. (This table was modified with permission from
Dr. Kurt Grathwohl’s notes in the syllabus of the conference “Taking TIVA
into the 21st Century – Applications for Clinical Practice and Disaster
Medicine,” March 9–10, 2006.)
ICP, intracranial pressure; TIVA, total intravenous anesthesia; TCI, target
controlled infusion.

The major benefits of ketamine are outlined in Table 22.3.
It is worth noting that S(+)-ketamine is thought to have lower
incidence of side effects (psychotropic effects, salivation) and
more rapid metabolism, yet it produces more intense analge-
sia at an equimolar dose in comparison with R(–)-ketamine
[53]. Although we have no experience with S(+)-ketamine,
we postulate that these characteristics would allow it to shoul-
der a greater proportion of the analgesic burden than racemic
ketamine either as a component of TIVA, or as a stand-alone
analgesic agent.

Regional Anesthesia

A number of authors have described using regional anesthetic
techniques in field conditions. These vary from simple infiltra-
tion of local anesthetics to nerve conduction blocks and spinal
anesthesia [54, 55].
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Table 22.3: Major Benefits of Ketamine

Category Beneficial Effects

Pulmonary System 1. Protective airway reflexes more likely
to be preserved than with other IV
anesthetics

2. Maintains respiratory function
3. Bronchodilation
4. Treatment and induction agent for

status asthmaticus
5. Maintains the hypoxic pulmonary

vasoconstriction reflex [71]
6. Decreases patient supplemental

oxygen requirements

Cardiovascular System 1. Confers hemodynamic stability to
hypotensive induction agents (e.g.,
propofol, opioids) [72, 73]

2. Protects against redistribution
hypothermia [74] (thus reducing
coagulopathy, delayed wound
healing, and increased O2

consumption)

Neurologic System 1. Neuroprotective [75]
2. Potent analgesic when used alone,

and increases analgesic effects of
opioids when used in combination

3. Attenuates opioid tolerance [76]

Circumstantial Uses 1. Anti-inflammatory [77]
2. Useful in septic shock [78]
3. Useful in pericardial tamponade
4. Useful in asthmatics
5. Multiple routes of administration:

IV, IM, intraosseously, nasally,
rectally, and orally

6. No issue of waste gases, thus
negating need for scavenger systems

7. No risk of malignant hyperthermia

Courtesy of Grathwohl K. (This table was modified with permission from
Kurt Grathwohl’s notes in the syllabus of the conference “Taking TIVA into
the 21st Century – Applications for Clinical Practice and Disaster
Medicine,” March 9–10, 2006.)

Neuraxial blockade proved beneficial during World War
II, when Samuel Liebermann reported a decrease in mortality
from 46 percent to 12.5 percent after switching from volatile
agent anesthesia to continuous spinal anesthesia for abdom-
inal wounds [56]. Military anesthetists used peripheral nerve
blocks extensively in the Vietnam Conflict, as reported by Gale
Thompson [57, 58]. Jowitt and Knight found caudal epidu-
rals to be successful for pain relief in patients with trench foot
during the 1982 Falklands War [26].

The advantages of a pure regional anesthetic are that the
patient is spared a general anesthetic and is awake and pro-
tecting his own airway. This is particularly advantageous in
a combat setting, where nursing care may be limited. Other
advantages are familiar to the nonmilitary practitioner, includ-

ing avoiding a potentially difficult airway, avoiding risk of aspi-
ration, decreased sore throat, decreased postoperative nausea,
decreased postoperative pain, and potentially decreased blood
loss.

Combinations of regional anesthetic techniques supple-
mented with intravenous ketamine or other agents can be
very useful [59]. When regional anesthesia is used to supple-
ment general anesthesia, the general anesthetic requirements
are decreased. Disadvantages include a variable failure rate,
and concerns about hygiene and introducing infection when
performing the technique.

Complications are predictable and include:

■ Hypotension in underestimated hypovolemia.
■ Nerve injury – usually sensory changes that resolve –

occurs at rates of 0.1 percent, and life-threatening com-
plications are very rare.

Perhaps the greatest barriers to using regional anesthesia in
the combat setting are systemic barriers. For example, it takes
additional time to prepare before surgery and requires addi-
tional equipment and the technique may be discouraged by
surgeons not familiar with its value.

Casualties injured by modern munitions containing pre-
formed fragments are likely to have multiple penetrating in-
juries to different body areas [19] and to need repositioning
during surgery. Regional anesthesia has only limited use as a
sole technique in these patients but may have a major role to
play in postoperative care and evacuation (see Figure 22.5, see
also color plate after p. 294).

In the patient with a traumatized extremity, one must be
careful to monitor for the development of compartmental syn-
drome. Diagnosis of compartmental syndrome in the absence
of compartment pressure monitoring depends on evaluation of
pulses, paresthesias, paralysis, pallor, pain on passive range of
motion, and extreme pain out of proportion to the injury. Some
surgeons have been hesitant to allow peripheral nerve catheters
to be placed, for fear of masking the painful symptoms of this

Figure 22.5. A soldier who suffered bilateral traumatic amputations of
the upper extremities above the elbow during Operation Iraqi Free-
dom has his pain managed with bilateral infraclavicular brachial plexus
catheters. Photo courtesy of Army Regional Anesthesia & Pain Manage-
ment Initiative.
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Figure 22.6. Equipment needed for single injection or continuous
regional techniques. The StimuQuik™ insulated peripheral nerve block
needle by Arrow®, the Contiplex® Tuohy Continuous Nerve Block Set
by B-Braun, and the PainPump2® by Stryker® are among the equipment
shown. Photo courtesy of C. McFarland.

complication. Note that a patient who describes their pain as
being “10 out of 10” despite optimal medical pain management
already has extreme pain that deserves to be treated, whether
a fasciotomy is indicated or not. If an extremity is at risk for
compartmental syndrome, it would be prudent to provide an
analgesic infusion of a dilute local anesthetic solution rather
than a fully anesthetic block with larger volumes of more con-
centrated solutions.

For a number of the severe limb injuries resulting from
IED blasts in Iraq, using a regional anesthetic technique was
the only satisfactory way to achieve pain control. At the 10th
Combat Support Hospital 2006, the main techniques used (by
Lt. Col. Gehrke, U.S. Army) were popliteal nerve blocks and
epidural blockade using tunneled catheters placed aseptically
in the operating room. A smaller number of supra- and infra-
clavicular brachial plexus catheters and sciatic nerve catheters
were also used. Local anesthesia (0.2% Ropivacaine) was deliv-
ered by using the Stryker PainPump2® (Stryker Instruments,
Kalamazoo, Michigan) a refillable disposable infusion pump
(Figure 22.6, see also color plate after p. 294).

Ultrasound-guided placement of supraclavicular continu-
ous nerve block in the United States in a combat casualty has
been described [60]. In Mosul, Iraq, in 2006, a GE Voluson
i ultrasound machine (www.gehealthcare.com) was used for
more than seventy-five successful extremity blocks, demon-
strating its utility in the combat theater move over (See Figure
22.7, see also color plate after p. 294.) [81].

IED casualties usually had other injuries from multiple pen-
etrating fragments or suffered from burn injuries. Analgesia for
these patients was achieved with an intravenous opiate patient-
controlled analgesia (PCA; usually morphine or fentanyl) with
the Sorenson Ambit PCA pump.

Patients with regional techniques in situ were tracked
through the Casevac system using a regional anesthesia track-
ing system that notified anesthesia providers registered with
the tracking system each time a patient was moved to a new
location.

Figure 22.7. Dr. Malchow uses a portable ultrasound to facilitate femoral
nerve block in a patient with external fixation of his femur. Photo courtesy
of R. Malchow.

Regional Anesthesia in Combat Casualties
and Thromboprophylaxis

Postoperative immobile patients are at risk for developing deep
vein thrombosis and pulmonary embolism. Patients undergo-
ing prolonged evacuation are also at risk. Postoperative combat
casualties at the 10th Combat Support Hospital received throm-
boprophylaxis.

The choice of regional technique and of thromboprophy-
laxis medication used was a balance of risk and benefit based on
American Society of Regional Anaesthesia (ASRA) guidelines,
although these guidelines do not address the particular issues
posed by multiply injured combat casualties [61]. Accepting
that patients being evacuated would not be as easy to monitor
and assess for complications in the back of an aircraft com-
pared with a standard postoperative care unit, the aim was
to provide optimum analgesia and thromboprophylaxis but
minimize potential bleeding complications from continuous
catheter sites.

The 2006 protocol was that patients with an epidural
catheter in situ received unfractionated heparin. At the time
of writing, there has been no reported case of an epidural
hematoma in the combat theater when similar guidelines are in
place. Some surgeons felt that thromboprophylaxis with low-
molecular-weight heparin is more reliable than with unfrac-
tionated heparin and were reluctant to see epidurals placed in
their patients if this then required them to use unfractionated
heparin. Given the reports of deep vein thrombosis and pul-
monary embolism in evacuated combat casualties [62], and
the absence of epidural hematoma reports, the anesthetist and
surgeon may decide to place an epidural and use low-molecular-
weight heparin. If not, they may decide to place an epidural and
use standard heparin, or avoid the epidural altogether. Patients
with peripheral nerve catheters in situ received low-molecular-
weight heparin.

The current ASRA guidelines do not make specific rec-
ommendations concerning peripheral blocks and thrombopro-
phylaxis [82]. Should bleeding occur at a peripheral block site,
it may be compressible, depending on which specific block was
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Table 22.4: Pros and Cons of Techniques for Military Anesthesia

Technique Pros Cons

General anesthesia with volatile
gases

Familiar concept to anesthetists
Reliable

Large logistical footprint (weight and space)
Many anesthetists unpracticed on

drawover/pushover vaporizers
Highest requirement for supplemental oxygen
Risks malignant hyperthermia

Total intravenous anesthesia Versatile (analgesia, sedation, or intraoperative
anesthetic)

Adaptable to use many different drugs
Small logistical footprint
Does not require electrical supply
Lower risk of redistribution hypothermia if

ketamine included

Lack of familiarity to many anesthetists
Dependent on IV access

Regional anesthesia Dramatic pain control without altering
consciousness

Lowest requirement for supplemental oxygen
Lowest acuity of postoperative care
Small logistical footprint
Attenuates pain-induced stress response
Can be used to supplement other techniques

Failure rate related to the expertise of anesthetist
Neuraxial techniques risk hypotension and

redistributive hypothermia
Concern for spinal hematoma if anticoagulated
Cannot be used as sole technique in many

multiply injured patients
Can be time-consuming

Ketamine as sole anesthetic Suitable for analgesia during tactical field care
Can provide a total anesthetic (hypnosis,

analgesia, amnesia, muscle relaxation)
Supports hemodynamics
Airway tone and spontaneous ventilation

maintained better than other systemic
anesthetics

Versatile adjunct to other techniques

Associated with psychotomimetic effects if not
used with other sedatives

Salivation/lacrimation

performed. Buckenmaier et al. [63] have recently been investi-
gating this issue and made recommendations.

Monitoring

Current UK medical doctrine aims to provide standards of care
as close to peacetime National Health Service standards as pos-
sible (allowing for battlefield conditions) and delivered within
defined clinical timelines. While recent UK military operations
have included modern electronic monitors (such as the Datex
AS/3 and the Propaq) the anesthetist must be able to go back to
more basic clinical methods as described earlier. Nongovern-
mental organization deployments may not include monitors at
all [64].

C O N C LU S I O N S

Anesthesia for the multiply injured casualty is challenging.
Anesthesia for the same casualty in a deployed environment
is even more so. The practitioner working in this environment
needs to understand the constraints imposed and be able to
provide anesthesia by drawing on a variety of different tech-
niques (Table 22.4). This does not mean that the standard of
care given to the casualty is reduced. Military practice is con-
stantly looking at new technologies, new techniques, and new

evidence to ensure that the best possible care can be delivered
to casualties whatever the circumstances.
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M U LT I P L E C H O I C E Q U E S T I O N S

1. What problems can civilian contractors present to military
anesthetists?

a. Hypertension
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b. Angina
c. Diabetes
d. Asthma
e. All of the above

2. True or False. Military medical practitioners always expect
protection under the Geneva Conventions?

a. True
b. False

3. UK Battlefield Trauma Life Support is teaching “staged
care.” What are the stages?

a. Care under fire
b. Tactical field care
c. Field resuscitation
d. Advanced resuscitation.
e. All of the above

4. When receiving casualties who have been treated in another
health care system what should you do?

a. Immediate tracheal intubation
b. Administer broad spectrum antibiotic
c. Perform a thorough examination and investigation in

case injuries have been missed.
d. Diagnostic peritoneal lavage
e. Administer high-flow oxygen by mask

5. Identify the correct statements concerning military trauma.

a. The trauma team needs to be briefed with available pre-
hospital information

b. An organized team leader helps the team perform effec-
tively

c. Key personnel include translators for civilian patients
and administrators for patient tracking and documenta-
tion

d. Trauma team activation is based on a combination of
history, vital signs, and mechanism of injuries

e. All of the above

6. Hypotensive resuscitation (target systolic blood pressure,
80–90 mmHg) is suitable for all casualties.

a. True
b. False

7. Combat casualties with peripheral nerve catheters should
receive thromboprophylaxis.

a. True
b. False

8. What type of injury patterns occur with IEDs?

a. Burns
b. Multisystem injuries
c. Multicavity injuries

d. Penetrating and/or blunt trauma
e. All of the above patterns can occur with IEDs depending

on type of device and where the victims were in relation
to the explosion.

9. Identify the correct statement regarding ketamine.

a. Guarantees preservation of airway reflexes
b. Can be given nasally, orally, intravenously, intramuscu-

larly, and rectally
c. Does not require the same degree of intraoperative and

postoperative care as other anesthetics
d. Decreases salivary secretions
e. Usually causes a decrease in blood pressure

10. Regarding the use of regional anesthesia, identify the correct
statement.

a. Does not allow the patient to maintain their own airway.
b. Cannot mask the symptoms and signs of compartmental

syndrome.
c. Requires additional time and equipment for its successful

use (e.g., peripheral nerve stimulator and/or ultrasound).
d. Life-threatening complications are common.
e. Nerve injury occurs in 5 percent of cases.

A N S W E R S

1. e. Recent experience in Iraq and Afghanistan has been that
some contractors have deployed with undeclared chronic
health problems that complicate anesthesia.

2. b. Recent experience is that, unfortunately, no. Medics
must act within the Geneva Conventions but must also be
aware that, in current conflicts, the enemy is not respecting
the Conventions.

3. e
4. c
5. e
6. b. This is still an area of debate and investigation. Patients

with head injury or who have suffered blast injury may not
be suitable for hypotensive resuscitation.

7. a. The question to be answered is really which regimen of
thromboprophylaxis is most appropriate.

8. e
9. b

10. c
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E Y E T R AU M A A N D A N E S T H E S I A

Martin Dauber and Steven Roth

Objectives
1. Define the basic anatomic and physiologic concepts of ocular trauma.
2. Review the anesthetic implications of eye injuries, including blindness following major surgery.
3. Evaluate the use of succinylcholine in patients with open-globe injuries.

I N T R O D U C T I O N

Trauma to the eyes and resulting blindness can have life-altering
impact. This chapter will present the implications for the anes-
thesiologist of trauma to the eye. Ocular trauma and basic
anatomic and physiologic concepts will be defined and the inci-
dence of these potentially devastating injuries will be reviewed.
Anesthetic implications, including the timing of surgery, anes-
thetic drug selection, and other perianesthetic concerns will
be addressed. The use of succinylcholine in patients with open-
globe injuries is a long-standing controversy that we will discuss.
Blindness following major trauma and resuscitation has signif-
icant implications for physicians caring for trauma patients.

D E F I N I T I O N

A standard terminology for eye injury that has been adopted in
the United States and internationally is known as the Birming-
ham Eye Trauma Terminology (BETT; Figure 23.1). The entire
globe is considered, and the BETT is unambiguous, consistent,
and simple to use. The definitions it provides will be utilized in
this chapter. The BETT system clearly defines all injuries and
places each type of injury within a comprehensive system of the
whole eyeball [1].

The eye wall is defined as the cornea and the sclera. A
full-thickness wound of these layers is an “open-globe” injury,
whereas a “closed-globe” injury does not involve a full-thickness
wound (Figure 23.2, see also color plate after p. 294). Mecha-
nisms of injury are contusion, laceration, or rupture. Contu-
sions can occur by direct delivery of energy (e.g., choroidal
rupture) or through changes in the shape of the globe (e.g.,
angle recession) [2]. Because the eye is filled with vitreous, an
incompressible liquid, an impact will increase the intraocular

pressure (IOP), assuming the globe is intact. If vitreous or ante-
rior chamber contents leak out, the eye is decompressed. The
eye wall will rupture at its weakest point, such as the point
of impact and dehiscence or a previously surgically sutured
site. The actual wound, therefore, is produced by an inside-
out mechanism, whereas, in lacerations of the full-thickness of
the eye wall caused by sharp objects, the result is an outside-in
mechanism of injury.

I N C I D E N C E

Eye trauma is a significant and disabling health problem in the
United States where approximately 2.5 million injuries occur
annually [2]. The National Institute for Occupational Safety and
Health indicate that between 600,000 and 700,000 work-related
eye injuries occur annually, with the construction industry at
the highest risk [3]. An ocular foreign body is the most common
type of injury, accounting for one-third of cases. Open wounds
and contusions make up one-fourth of all work-related ocular
injuries. Chemical, thermal, and radiation burns constitute the
remaining eye injuries. This chapter will deal primarily with
mechanical trauma to the eye, as the other injuries rarely present
to the operating room.

There are approximately 40,000 eye injuries related to sports
annually in the United States, most occurring in children and
young adults. Prevention of almost all of these injuries and the
resultant blindness would be possible if proper eye protection
were employed. Masks and eye guards are available for base-
ball, football, basketball, soccer, racquetball, and other sports,
and are required by certain sports agencies (Figure 23.3, see
also color plate after p. 294) [4]. These lenses are made from
polycarbonates and should bear the approval of the American
Society for Testing and Materials (ASTM).

3 6 0
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Injury

Closed globe

Contusion Lamellar laceration

Penetrating IOFB Perforating

Laceration Rapture

Open globe

Figure 23.1. The Birmingham Eye Trauma Terminology System
(BETTS). The double-framed boxes show the diagnoses employed in
clinical practice. IOFB, intraocular foreign body.

Figure 23.2. Conjunctival laceration with subconjunctival hemorrhage.
This is an example of a closed-eye injury.

Figure 23.3. An open-eye injury resulting from trauma from a racquet.

A S S O C I AT E D I N J U R I E S

The location of the eye within the bony orbit results in frequent
associated injuries to the head and neck. These other injuries
include traumatic brain injuries, opened and closed, as well as
cervical spine trauma with and without neurologic compro-
mise (see Chapters 11–14). Because these associated injuries
potentially have profound physiologic and prognostic implica-
tions, as well as a great impact on anesthetic plans, they must be
addressed prior to ophthalmologic intervention. Nonetheless,
early and thorough examination of the eyes should be accom-
plished to the greatest extent possible, preferably by an oph-
thalmologist skilled in ocular trauma care.

Ophthalmologic Evaluation

Patients who are suspected of having sustained orbital or peri-
orbital/facial trauma must undergo a complete ophthalmologic
evaluation after initial stabilization and evaluation. The extent
of soft tissue and intraocular injury and bony disruption must
be assessed. Acute or progressive loss of the visual axis from
corneal opacification, cataract formation, or intraocular bleed-
ing can inhibit complete ophthalmologic examination within
a short time and may prevent appropriate diagnosis. The exam
by the ophthalmologist will include assessment of visual acu-
ity, papillary condition and function, motility of the eye, and
intraocular pressure. Anterior segment evaluation with a slit
lamp or handheld lens and funduscopic inspection of the pos-
terior segment will be performed on the trauma patient as well.

If penetrating injury to the globe is present, further exam-
ination will be limited so the globe can be shielded to pre-
vent further extrusion of intraocular contents. If necessary,
antiemetics such as metoclopramide, serotonin antagonists, or
promethazine can be administered early to prevent vomiting-
induced elevations in IOP. Transdermal scopolamine ought to
be avoided as it may blur vision and confuse ophthalmologic
diagnosis. In many reviews, prediction of a favorable visual out-
come from ruptured globes included visual acuity of 20/200 on
admission, rupture anterior to the insertion of the rectus mus-
cles, length less than 1.0 cm, and a sharp mechanism of injury
[5, 6]. Predictors of poor visual outcome include visual acuity
no better than light perception, wounds extending posterior
to the recti or longer than 1.0 cm, or a blunt mechanism of
injury. Aggressive surgical management may, nonetheless, be
undertaken in these high-risk patients to prevent visual loss.

Intraocular pressure is the issue most important to the anes-
thesiologist, after the possibility of visual salvage has been ascer-
tained. In trauma patients, the IOP is important at either high or
low values. Extremely low pressures may indicate occult globe
penetration, although this is by no means pathognomonic, as
the IOP may be low, high, or normal in the case of a rup-
tured globe. Extremely high pressure may indicate retrobulbar
hemorrhage that may be a harbinger of central retinal arterial
occlusion or optic nerve damage. Either elevated or depressed
IOP may cause pain and nausea.

Pediatric Considerations

Most of the considerations regarding adult ocular trauma
patients are the same in children, but there are recognizable
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differences regarding epidemiology, as mentioned before, the
timing of repair of fractures, and the impact these repairs may
have on the growth of the child. Craniofacial anatomical differ-
ences in children under seven years of age make them more sus-
ceptible to orbital roof fractures. These fractures rarely require
surgical intervention, in contrast to other orbital and midface
fractures [7]. The difference in incidence may be due to the
increased craniofacial ratio in infants, lower facial bone density
and thickness, and underdeveloped paranasal sinuses. Children
are thus less likely to present for emergency anesthesia for orbital
fractures.

Timing of Surgery

The ophthalmologist’s evaluation will presumably lead to a
rational surgical or nonsurgical plan based both on the eye
findings and on the overall condition of the patient. In poly-
trauma patients, ocular interventions are typically postponed
unless other injuries are not severe and visual salvage is possible.
In unstable patients, regardless of the ophthalmologic impera-
tive or likely visual prognosis, delay of eye surgery is necessarily
indicated. In patients without life-threatening or other major
trauma, the timing of ophthalmologic surgery needs to be deter-
mined by the need for urgent versus delayed surgery. Delay
of surgery is preferred if the risk of visual loss is not thereby
increased. Further medical evaluation of both trauma-related
issues (e.g., central nervous system and cervical spine injuries)
and coexisting medical disease can occur during the interval
between the trauma and the surgery. Also, if ophthalmologic
intervention is delayed, “full-stomach” status may be improved,
or, at the very least, antiacid and antireflux prophylaxis can be
administered and begin to exert their pharmacologic effects, to
decrease the risk from aspiration of gastric contents.

The determination by the ophthalmologist of the possibil-
ity of vision salvage or the certainty of full visual loss must enter
into the consideration of the need for emergency anesthesia. In
the absence of other injuries that require immediate induction
of general anesthesia, the risks of emergency anesthesia in the
unprepared patient must be balanced against the potential ben-
efit of ophthalmologic intervention. Additionally, many injuries
to the eye, especially those to the external tissues (eyelid, con-
junctiva, cornea, and iris) may be treated medically or under
local or topical anesthesia in the emergency department rather
than in the operating room. If the patient is anesthetized for
treatment of other injuries in any case, however, the ophthal-
mologist may choose to treat the eye injuries under the general
anesthetic.

Intraocular Pressure
A thorough understanding of the concept of IOP is beyond

the scope of this chapter, although some basic concepts will be
reviewed. A comprehensive discussion of this topic for anes-
thesiologists is available in a chapter authored by Doctors
McGoldrick and Gayer [7a].

It is the balance between production and elimination of
the aqueous humor that maintains the IOP (Figure 23.4). Two
thirds of this liquid humor is produced by the ciliary bodies
through the mechanism of active secretion. This process is mod-
ulated by both the carbonic anhydrase and cytochrome oxidase
systems. The remaining third is produced by passive filtration in
the anterior surface of the iris. Drainage occurs via the trabec-
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Lens
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Figure 23.4. Diagram of the flow of aqueous humor in the eye.

ular network, the canal of Schlemm, and the episcleral vessels
[8]. Maintenance of IOP within the normal range of 10–20
mmHg is important for ocular homeostasis. Pressures greater
than 22 mmHg are considered abnormal, and prolonged eleva-
tions of IOP can lead to permanent visual loss,. The IOP may
be 1–6 mmHg higher while the patient is supine rather than
sitting upright, which is the typical position for patients dur-
ing ophthalmologic examination. As in any semiclosed system,
the factors that may influence and alter IOP include external,
internal, and wall tension. In trauma patients, the condition of
the extraocular muscles, bony injuries around the orbit, retch-
ing or vomiting, and iatrogenic manipulations all may affect
external compression. Rupture of the globe causing extrusion
of contents or hemorrhage into the globe as a result of blunt
trauma can influence the internal contribution to IOP.

Succinylcholine and the Eye

Succinylcholine remains the only depolarizing neuromuscular
blocker available for clinical use. Its rapid onset, short duration,
and long history of clinical experience make it a preferred drug
for rapid sequence intubation in the trauma patient (see Chap-
ter 9). Despite some undesirable adverse effects, succinylcholine
remains an integral option in the anesthetic plans of many
emergency patients. It exerts presynaptic, postsynaptic, and
extrajunctional effects. Clinically, succinylcholine depresses the
height of a single twitch and facilitates endotracheal intubation.

The publication in the general medical literature of the
potential role that succinylcholine could play in anesthesia
practice occurred in 1952 [9]. The following year it was reported
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in Europe that succinylcholine measurably increased IOP [10].
The American literature then followed with the publication of
several anecdotes from ophthalmologists that exudation of vit-
reous occurred after patients received succinylcholine [11]. It
was suggested in the anesthesia literature that this loss of vitre-
ous occurred when succinylcholine was given under “light anes-
thesia” conditions. It was stated that the use of succinylcholine
in intraocular surgery was “hazardous” [12]. This reputation
has persisted in many forms since that time.

In a 1986 retrospective review of the experience at the
Wills Eye Hospital of open-eye trauma patients, 81 percent of
patients underwent general anesthesia. Eighty-eight percent of
those underwent an intravenous induction, 90 percent of whom
received succinylcholine. The remainder, all of whom were
children, had an inhalation induction. Operative reports were
reviewed in detail as were progress notes from the postoperative
period. No extrusion of vitreous was noted in any patient who
had received succinylcholine. In addition, the authors noted
in their discussion that they were not aware of any anecdo-
tal reports from Wills Eye Hospital of loss of eye contents in
eye trauma patients over the prior decade [13]. Case reports
of succinylcholine-induced vitreous extrusion followed, as did
other institutional anecdotes of the reported ocular safety of
succinylcholine [14, 15].

Scientific study of the effects of succinylcholine on the open
globe followed these reports. Intraocular pressure increases in
humans one minute after succinylcholine administration, and
peaks at an elevation of 9 mmHg within 6 minutes. Many
mechanisms have been proposed for this increase, including
the contraction of extraocular muscles in response to succinyl-
choline forcing globe contents out of the orbit. A cat model,
however, did not substantiate this theory [16]. An elegant study
in humans undergoing enucleation under general anesthesia
demonstrated that the increase in IOP after succinylcholine
occurs even after detachment of all of the extraocular muscles
[17]. The current theory for the succinylcholine-induced eleva-
tion in IOP is related to a vascular mechanism, whereby either
choroidal vascular dilatation or decrease in vitreous drainage as
a result of elevated central venous pressure (causing an increase
in resistance to outflow) decreases drainage of vitreous through
the canal of Schlemm [18].

Several techniques have been advocated for the blunting
of the elevation in IOP from succinylcholine. Included among
them are “self-taming,” defasciculating with nondepolarizing
relaxants, and other pharmacologic pretreatment. Self-taming
implies the administration of a small, subclinical dose of suc-
cinylcholine (0.2 mg/kg in this study) one minute prior to the
rapid sequence intubating dose. This has been shown to be
ineffective and, in fact, the IOP rises in response to the small
dose [19]. Lidocaine (intravenous dose of 1 mg/kg) blunts the
increase caused by succinylcholine and further blunts the rise in
IOP seen with endotracheal intubation, though d-tubocurare
and diazepam provide neither benefit [20]. All of the opiates
commonly used in clinical anesthesia, including fentanyl, alfen-
tanil, sufentanil, and remifentanil, have been shown to blunt the
IOP elevation following succinylcholine and intubation [21–
23]. Nifidipine, nitroglycerin, propranolol, and clonidine all
exert protective effects on IOP, but may be contraindicated in
the polytrauma patient [24–26]. Note that these studies were
all done in elective surgical patients without eye injuries and
with intact globes.

It is clear that succinylcholine does indeed increase IOP.
However, during the period surrounding the induction of
anesthesia, there are many factors that also change IOP.
These include supine positioning, coughing, retching, Valsalva
maneuvers, or crying. In addition, mask ventilation with com-
pression of the orbit while awaiting paralysis from the slower-
onset nondepolarizing neuromuscular relaxants will directly
elevate IOP. Coughing during intubation from any cause will
also adversely affect IOP and is to be avoided. Airway assess-
ment combined with ophthalmologic impressions need to be
discussed by the anesthesia and ophthalmology teams. Main-
tenance of ventilation is essential to all plans, independent of
ocular implications. If rapid sequence induction and intuba-
tion is deemed appropriate, propofol, thiopental, opiates, and
other drugs have been shown to minimize the effect of succinyl-
choline on IOP. If difficult tracheal intubation is anticipated, a
determination of the viability of the eye is critical: If vision is not
to be preserved, awake intubation can be selected (see Chap-
ter 2). If the possibility of restoration or salvage of vision exists,
IOP elevation will need to be avoided prior to any intubation
sequence.

In light of the benefits of succinylcholine for facilitating
intubation as part of the standard rapid sequence induction of
anesthesia in the full-stomach patient, its clinical use should
not be limited. The main point is that, in the situation of an
open-eye injury, the patient needs to be deeply anesthetized and
immobile. How to do that is a matter of individual preference
and should be tailored according to the patient’s needs and the
anesthesiologist’s preferences.

Ischemic Optic Neuropathy (ION)

Ischemic optic neuropathy, the leading cause of sudden visual
loss in patients 50 years of age or older, primarily occurs spon-
taneously without warning signs, and rarely is found in the set-
ting of non-ocular surgery. There are two types of ION: ante-
rior (AION) and posterior (PION). Of the two, AION is far
more common in the overall population and has been more
extensively studied than PION. ION has been found after a
wide variety of surgical procedures, with the majority having
followed cardiothoracic [27–29], instrumented spinal fusion
operations [30, 31], head and neck surgery [32], and surgery
on the nose or sinuses [33, 34]. However, cases have also been
described after vascular surgery, general surgical, and urologic
procedures, cesarean delivery, gynecologic surgery, and liposuc-
tion [35–40]. With advances in trauma resuscitation, patients
who would have died before are surviving, and the incidence
of ION and the resultant blindness is likely to increase in these
patients.

C U R R E N T K N O W L E D G E
A N D C O N T R O V E R S I E S

Perioperative ION appears to be a multifactorial disease, and
unlike spontaneously occurring ION, it can occur in younger
patients. Because there are few case-controlled studies and no
prospective studies, the risk factors have not yet been well
defined [41]. Another puzzling feature of this dreaded com-
plication is that it is unclear why some patients develop AION
and others develop PION. Some possible factors involved in
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the etiology of perioperative ION are common in multiple
trauma patients and include decreased systemic blood pres-
sure, large blood loss, increased intraocular or orbital venous
pressure, abnormal autoregulation of the optic nerve circula-
tion and/or anatomic variation in the blood supply to the optic
nerve, emboli, use of vasopressors, the presence of systemic dis-
eases such as hypertension, diabetes, and atherosclerosis, and
retrobulbar hemorrhage. It seems that one or more of these
factors are often involved in an individual patient and in an
unpredictable fashion.

Intraoperative hypotension has been cited as an important
risk factor by a number of authors of case reports [36, 42, 43],
but it is not always present, suggesting that hypotension itself
might not be responsible. Hypotension can potentially lead to
decreases in perfusion pressure in the optic nerve. The anterior
optic nerve would be susceptible to damage from hypotension
leading to AION either because of anatomical variation in the
circulation or because of abnormal autoregulation and inability
to adequately compensate for a decrease in perfusion pressure.
The posterior optic nerve would be at potential risk leading
to PION because of the relatively limited blood supply reach-
ing this area, which might be potentiated by hypotension. It
is difficult to precisely define the degree of hypotension that
is potentially harmful, as actual pre- and intraoperative blood
pressures were not available in many of the reported cases of
ION in the literature, and hence the safe “lower limits” of blood
pressure are not known.

From case reports of perioperative ION, it is apparent
that, on average, patients sustained considerable blood loss
and had decreased hemoglobin concentration intraoperatively.
Routine clinical practice based on the National Institutes of
Health (NIH) Consensus Panel on Blood Transfusion [46] and
American Society of Anesthesiologists (ASA) practice guide-
lines [47] indicate that transfusion is generally not required for
hemoglobin values greater than 8.0 g/dL (see Chapter 6). A
number of authors have suggested that allowing hemoglobin
to decrease to such low values may be putting patients at
increased risk for ION; [36, 48] however, whether practice
should be changed in surgical procedures for major trauma
surgery remains controversial. In the setting of uncontrolled
hemorrhage, where blood volume is not maintained, decreased
oxygen delivery to the optic nerve could result in either AION
or PION [49, 50]. Just how low or for low long hemoglobin
concentration must decrease to lead to this complication is not
known. However, the presence of recurrent and profound hem-
orrhage has been described in many reports. The effects of com-
bined hypotension and hemodilution on hemodynamics and
O2 delivery in the optic nerve have not been studied but remain
a concern.

Intraocular Pressure Changes and Venous
Hemodynamics in the Eye

AION and PION have been reported in the setting of massive
fluid replacement, and many reports include patients that were
operated on in the prone position. This raises the possibility
that either external pressure on the globe or a build-up of pres-
sure internally within the eye could be related to ION. It is
unlikely that PION is related to external pressure because the
retrolaminar optic nerve is not exposed to the IOP. In addi-
tion, an increase in IOP would not be likely to produce an

isolated ION without also causing retinal damage, because sus-
tained increases in IOP significantly decrease both retinal and
choroidal blood flows [51].

The theory that massive fluid resuscitation could be a
pathogenic factor in perioperative ION remains speculative, but
does have some merit. Conceivably, fluid therapy could result in
increased IOP, and/or accumulation of fluid in the optic nerve.
Because the vessels in the optic nerve are small and relatively
easily compressed, especially in the posterior optic nerve, large-
volume replacement might lead to decreased arterial supply, or
increased orbital venous pressure and the risk of venous stasis.
Because the central retinal vein and draining veins exit out of
the optic nerve, it is possible that an “internal compartmen-
tal syndrome” may occur in the optic nerve. In a remarkable
report, Cullinane et al. [52] found that 2.6 percent of trauma
patients who were resuscitated successfully by using more than
20 L of crystalloid in a 24-hour period developed ION. Patients
were said, in this publication, to have sustained AION, but
from the ocular findings reported, it appears the diagnosis was
in fact PION. These patients received massive blood replace-
ment and were acidotic, most had abdominal compartmental
syndrome, and the lowest hematocrit ranged from 7.5 to 28 per-
cent. Also, very high levels of positive end-expiratory pressure
(PEEP) (average, 29 cm) were used to ventilate these patients.
Although there are many complicating factors in these patients,
massive fluid and blood replacement seem likely as possible eti-
ologic factors for ION.

Vasopressors
Hayreh theorized that AION is related to excessive secre-

tion of vasoconstrictors, which could in turn lower optic nerve
perfusion to dangerously low levels [50, 52]. Clinicians often
use vasopressors to maintain blood pressure, especially after
cardiac surgery. Shapira et al. showed an association between
prolonged use of epinephrine or long bypass time and ION
in patients undergoing open heart surgery [27]. Lee and Lam
reported a case of ION in a patient after lumbar spine fusion
during which a phenylephrine infusion was used to maintain
blood pressure [45]. However, these reports cannot distinguish
whether vasopressors altered hemodynamics in the optic nerve
or if the use of vasopressors represents a marker for patients
with profound systemic abnormalities.

Prognosis and Treatment
Unfortunately, there is no proved treatment of ION.

Williams et al. [48] have reviewed the attempted treatments.
Acetazolamide lowers IOP and may improve flow to the optic
nerve and retina [53, 54]. Diuretics such as mannitol or
furosemide reduce edema. In the acute phase, corticosteroids
may reduce axonal swelling, but in the postoperative period
they increase the risk of wound infection. Because steroids
are of unproved benefit, their use must be carefully weighed.
Increasing ocular perfusion pressure or hemoglobin concentra-
tion may be appropriate when ION occurs in conjunction with
significant decreases in blood pressure and hemoglobin con-
centration. Maintaining head-up position could be valuable if
increased ocular venous pressure is suspected. Similarly, IOP
should be lowered if an increase is documented. Optic nerve
decompression is an operative procedure that could restore cir-
culation in the optic nerve. However, in a multicenter trial spon-
sored by the National Eye Institute, this operation was found
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to be ineffective and possibly harmful; because of the adverse
findings, this study was terminated prematurely [55]. Despite
the devastating nature of ION, our limited understanding of the
pathogenesis of this disorder, at this time, does not yet enable us
to make rational recommendations that are likely to completely
prevent its occurrence.

C O N C LU S I O N S

Although typically not life-threatening in the terms that anes-
thesiologists usually consider, ocular trauma can have devas-
tating consequences that alter lifestyle. Current evidence favors
the judicious use of succinylcholine in trauma patients to facil-
itate rapid and ideal endotracheal intubation conditions when
appropriate, and when maneuvers to prevent acute elevations in
IOP are instituted. Ophthalmologic evaluation, treatment, and
prognostication allow anesthetic management of these patients
that can optimize the visual outcome while exerting the mini-
mum necessary effects on the overall physiology of the trauma
patient. Ischemic optic neuropathy is a devastating complica-
tion that may be found in the perioperative period in patients
that have been successfully resuscitated from massive trauma.
The etiology remains unclear but patients with visual deficit
should be examined immediately by an ophthalmologist to
determine cause and provide any possible treatment.

M U LT I P L E C H O I C E Q U E S T I O N S

Questions 1–3: Match the following statements 1–3 with the
best answer (a–e).

1. Ischemic optic neuropathy

2. Ocular foreign body

3. Open-globe injury

a. Laceration of the globe from penetrating trauma
b. Always associated with loss of vitreous and anterior eye

chamber contents
c. Full-thickness injury of the eye wall including cornea and

sclera
d. Leading cause of blindness in patients more than 50 years

old
e. Most common type of eye injury

Questions 4–6: Choose the one best answer

4. Which of the following is associated with increased intraoc-
ular pressure?

a. Retching
b. Coughing
c. Crying
d. Valsalva maneuver
e. All of the above

5. Concerning succinylcholine and intraocular pressure
(IOP), which are true?

a. Intraocular pressure increases to 50 mmHg within five
minutes after administration of succinylcholine

b. Causes contraction of extraocular muscles and extrusion
of vitreous in cats

c. Increased IOP may be due to choroidal vascular dilata-
tion or decrease in vitreous drainage

d. A small dose of succinylcholine (self-taming) is effective
in blunting the rise in IOP

A N S W E R S

1. d
2. e

3. c
4. e

5. c
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P E D I AT R I C T R AU M A A N D A N E S T H E S I A

Jocelyn Loy

Objectives
1. Describe the differences between pediatric and adult trauma.
2. Explain the initial evaluation and management priorities in an injured pediatric patient.
3. Describe the developing physiologic and anatomical characteristics of infants and children.
4. Identify anatomical characteristics of the pediatric airway and describe the associated implica-

tions for airway management after trauma with potential cervical spine injury.
5. Describe fluid options and blood product resuscitation for a bleeding pediatric patient.
6. Explain the anesthetic considerations applicable to the care of an injured child, and how trauma

influences the choice of medications and other elements of the anesthetic plan.
7. Describe the physiology and pharmacology of drugs used in the management of injured infants

and children.
8. List alternatives available for the management of pediatric acute postoperative pain, and explain

the advantages and disadvantages of each.

Trauma remains the leading cause of mortality and serious
long-term morbidity in the pediatric population. A significant
majority of pediatric trauma occurs in motor vehicle accidents.
Injuries related to falls and sports comprise the second largest
group. Other causes include drowning, child abuse, and burns.
Falls from heights are most common in toddlers, while older
children sustain more traumatic injuries from motor vehicle
and bicycle accidents [1]. Homicide is the leading cause of
traumatic death in infants, 50 percent occurring in the first
four months after birth [2]. Pediatric injuries vary from minor
and isolated, to severe, multiple, and potentially fatal, involv-
ing several organ systems. Evaluation and assessment of the
pediatric trauma patient requires an efficient, organized, and
systematic approach to properly identify, prioritize, and treat
the most life-threatening injuries and to achieve a favorable
outcome, with minimal to no long-term functional limita-
tions.

Management principles of pediatric trauma patients are
similar to those of adults, but modified according to the age
group of the child. Children are not just small adults. Their
unique, developing psychologic, anatomic, and physiologic
characteristics pose special challenges to anesthesiologists and
the entire trauma care team. Optimal management of the
pediatric trauma patient depends on adequate knowledge and
understanding of these unique characteristics.

I N I T I A L A S S E S S M E N T A N D M A N AG E M E N T

Primary Survey

The main goal of the primary survey is to rapidly find all
potentially life-threatening injuries to prioritize management
for efficient resuscitation and achieve hemodynamic stability.
This requires immediate assessment of the “ABCDEs” of the
Advanced Trauma Life Support (ATLS) protocol and constant
reevaluation of the adequacy of resuscitation strategies.

Airway with C-Spine Control
Evaluation of the airway in an injured child can be complex.

Injury to the airway or nearby structures may distort normal
anatomy and render mask ventilation and tracheal intubation
difficult. Preexisting conditions that may complicate emergency
airway management include congenital abnormalities, such as
micrognathia (mandibular hypoplasia), macroglossia, and cleft
palate and the presence of obstructive sleep apnea with or with-
out obesity.

Assessment of the airway for signs of airway compromise
or obstruction takes priority. Inability to establish, maintain,
and secure a patent airway for oxygenation and ventilation can
lead to hypoxia, hypercarbia, bradycardia, and cardiac arrest.
Inspection of the airway includes the face, mouth, mandible,
nose, and neck. Look for edema, foreign bodies, secretions,

3 6 7
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Figure 24.1. A and B. In the supine position, due to a relatively large occiput, the neck of an infant or a young
child is naturally flexed on the chest while the head may be additionally flexed on the neck. This may result
in partial or significant airway obstruction in a sedated or obtunded infant or young child. (Source for Figure
24.1A: Courtesy of medical illustrator at MetroHealth Medical Center; Source for Figure 24.1B: Herzenberg JE,
Hensinger RN, et al. Emergency transport and positioning of young children who have an injury of the cervical
spine. The standard backboard may be hazardous. J Bone Joint Surg Am 1989;71-A(1):16, 24.1B.)

blood, loose or missing teeth, and fractures of the jaw, mandible,
and cervical spine. Any trauma victim, especially one with a
closed-head injury, is presumed, until proved otherwise, to have
cervical spine (C-spine) injury and a full stomach. C-spine pre-
cautions should be maintained and techniques that minimize
the risk of pulmonary aspiration should be taken at all times.
The anesthesiologist may be called on to help with airway man-
agement in the emergency room or first encounter the child in
the operating room; hence, knowledge and appreciation of the
peculiarities of the pediatric airway is mandatory.

Healthy neonates and young infants have large heads,
including prominent occiputs relative to body size, so that, in
the supine position, the infant neck is naturally flexed on the
chest and the supine infant head may be flexed on the neck (Fig-
ure 24.1A and B) [3, 4]. This has several important implications.
The natural head and neck flexion of the obtunded or sedated
young infant often results in significant airway obstruction that
may be relieved by gently lifting the chin up and forward (ante-
riorly) to slightly extend the head on the neck. Otherwise, an
oral airway can be inserted with no relative movement of head
and neck. In suspected C-spine injury, a more neutral, straight
head and neck position should be achieved by placing a blanket
or pad under the supine infant or young child’s torso (Figure
24.2A and B) [4, 5]. Direct laryngoscopy may be facilitated by
some of this natural supine flexion of neck on chest, as only
slight additional extension of head on neck may be needed to
achieve a good “sniffing position” for optimal laryngeal visu-

alization. In general, in infants and young children, the pad
belongs under the body, not under the head.

Neonates and young infants are obligate nose breathers until
three to five months of age so that any secretions or blood
in their relatively narrow nasal passages can lead to airway
obstruction. Furthermore, the supine, obtunded, or sedated
young infant’s relatively large tongue tends to fall against the
soft palate, epiglottis, and posterior pharyngeal wall resulting
in upper airway obstruction and difficulty with mask venti-
lation and direct laryngoscopy for intubation. Insertion of an
oral airway, with the aid of a tongue depressor if needed, helps
relieve the obstruction. The most appropriate size oral airway
for the child is one that is approximately as long as the distance
from the child’s lips to the angle of the mandible. A good face
mask seal should be achieved by holding the face mask with
the fingers pressing on the mandible only, avoiding pressure on
the soft tissues in the submandibular area. Pressure on the sub-
mandibular soft tissue may actually push the tongue onto the
palate and pharyngeal wall leading to further airway obstruc-
tion in proportion to the amount of pressure applied. In infants,
touch the bone, not the soft tissue.

The larynx in infants and children is more cephalad, approx-
imately at the level of the C3–C4 vertebrae in infants com-
pared with the C5–C6 level in adults (Figure 24.3) [6]. This
may give the impression that the infant larynx is more ante-
rior during direct laryngoscopy. The hard, narrow, and more
omega-shaped infant epiglottis is also angled more posteriorly
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Figure 24.2. A and B. A blanket or pad placed under the torso of a supine infant or young child will achieve a
neutral, straight head and neck position. (Source for 24.2A: Courtesy of medical illustrator at MetroHealth Medical
Center; Source for Figure 24.2B: Herzenberg JE, Hensinger RN, et al. Emergency transport and positioning of
young children who have an injury of the cervical spine. The standard backboard may be hazardous. J Bone Joint
Surg Am 1989; 71-A(1):21, Figure 6B.)

Prominent occiput

Tongue is disproportionately 
large in relation to mouth

Larynx is higher in neck

Narrowest portion 
at cricoid ring

C3
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C5

C4

C4
Larynx
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Figure 24.3. Differences between adult and pediatric airway. (Source: From Finucane BT. Principles of Airway
Management. Philadelphia: FA Davis, 1988.)
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Table 24.1: Pediatric Endotracheal Tube Sizes

Internal Diameter (mm)

Age Uncuffed ETT Cuffed ETT

Premature infant (<1 kg) 2.5–3.0 —

Term newborn 3.0–3.5 3.0

<6 mo 3.5 3.5

6–12 mo 4.0 3.5

1–2 yr 4.5 4.0

3–4 yr 5.0 4.5

5–6 yr 5.5 5.0

7–8 yr 6.0 5.5

8–10 yr 6.5 6.0

>10 yr 7.0–7.5 6.5–7.0

Uncuffed ETT size = 4 + (1/4) age in yrs. Use 0.5 mm size smaller for
cuffed ETTs greater than size 3.0.

than the adult epiglottis, and this, combined with the shallower
vallecula, may make it more difficult to lift the epiglottis during
direct laryngoscopy. Application of external inferior laryngeal
pressure and/or use of a straight laryngoscope blade to pick up
the epiglottis may aid in visualization of the glottis. The more
anterocaudal attachment of the vocal cords in infants occasion-
ally results in the tip of the endotracheal tube (ETT) getting
hung up on the shelf of tissue anterior to the anterior com-
missure during intubation. Navigating the ETT tip past this
natural obstruction is facilitated by maintaining gentle forward
pressure on the ETT while rotating or turning it longitudinally.
More than 90 degrees of rotation may be needed. Gently twist
the tube into the trachea.

The length of the trachea is only 4–5 cm in infants and
approximately 7 cm by 18 months of age, so right mainstem
intubation or ETT dislodgement can occur with correspond-
ingly small movements of the infant’s head. Constant vigilance
and frequent reassessment are recommended. Flexion of the
head may lead to mainstem intubation, whereas head exten-
sion may result in extubation. When choosing the appropriately
sized ETT, keep in mind that in children less than 5 years old,
the narrowest part of the upper airway is at the level of the
cricoid cartilage, not at the glottis, as in adults (Figure 24.4)
[7]. The size of the ETT appropriate for the patient’s age may
be estimated by comparing the tube size with that of the infant
or child’s fifth finger, or by using the formula: ETT tube size
(diameter in mm) = 4 + (1/4) age (see Tables 24.1 and 24.2).
An air leak around the ETT at 15–20 cm H2O pressure and easy
passage of the tube into the trachea clinically suggests that the
ETT size is appropriate.

Whether cuffed or uncuffed tubes should be used to intu-
bate the trachea of infants and young children remains some-
what controversial, though most recent evidence suggests that,
at least for tubes sized 3.5 and larger, cuffed ETTs are the better
choice. Traditional teaching that only uncuffed ETTs should

Table 24.2: Guidelines for Endotracheal Tube Size (millimeters)

Newborns: 3.0–3.5

Newborns to 1 year: 3.5–4.0

1 year: 4.0–4.5

2 years and older: ETT size = 4 + (1/4) age

Use 0.5 size smaller for cuffed ETTs greater than size 3.0.

be used in children less than 8 or 10 years old [8, 9] is based
on reports from the early 1960s describing the development
of mucosal ischemia and subglottic stenosis associated with
prolonged use of oversized uncuffed ETTs. It has also been
pointed out that an uncuffed ETT has a larger diameter and
thus offers less airway resistance and reduced work for sponta-
neous breathing. It was claimed that the uncuffed tubes might
avoid the subglottic trauma described after use of high-pressure,
low-volume cuffed ETTs. Subsequent studies showed that the
risk of subglottic stenosis is significantly related to the duration
of intubation [10], ETT size [11, 12], and use of overly inflated
cuffed ETTs [13, 14]; and this risk is not related to whether
or not the ETT was cuffed [15, 16]. Newer low-pressure, high-
volume cuffed tubes that are appropriately sized, positioned,
and inflated offer many advantages over uncuffed ETTs. These
advantages [17, 18] include more efficient and less traumatic
intubation with less need for multiple attempts, better control
of tidal volume with less air leak during mechanical ventilation
and application of positive end-expiratory pressure (PEEP),
better controlled and more cost-effective inhalational anesthe-
sia with lower fresh gas flows and less environmental pollution,

Thyroid 
cartilage

Thyroid 
cartilage

Cricoid
Cricoid

AP AP

A B

Figure 24.4. The narrowest portion of the cylindrical-shaped larynx of
an adult (A) occurs at the glottic opening, whereas the narrowest part of
the funnel-shaped larynx of an infant (B) occurs in the subglottic area at
the level of the cricoid cartilage. A, anterior; P, posterior. (Source: Cote
CJ. Pediatric anesthesia, In Miller RD, ed. Miller’s Anesthesia, 6th edition.
Philadelphia: Churchill Livingstone, 2005, p 2370. Redrawn from Cote
CJ, Todres ID. The pediatric airway. In Cote CJ, Ryan JF, Todres ID, et al.,
ed. A Practice of Anesthesia for Infants and Children. Philadelphia: W.B.
Saunders, 1992, p 55.)
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and decreased risk of aspiration [19] and infection. Because
cuffed ETTs have slightly larger outer diameters than uncuffed
tubes, the appropriate cuffed ETT is one-half size smaller than
calculated by the formula above (see Table 24.1). For example,
for a healthy 4 year old, a cuffed ETT one-half size smaller than
4 + 4/4, that is a size 4.5 cuffed tube, would be appropriate. The
air leak around a cuffed tube at peak inflation pressure of 20–25
cm H2O may be adjusted by inflating the cuff to approximately
20 cm H2O (16 mmHg) to help avoid mucosal ischemia. The
use of a slightly smaller cuffed tube eliminates the time and
trauma associated with the need to replace an uncuffed ETT
with excessive air leak or an oversized uncuffed tube that was
used in an effort to minimize air leak [16]. The development of
new ultra-thin-walled ETTs that have larger internal diameters
might further help end the ETT cuff controversy.

The following formula may be used as a guide to determine
the appropriate depth of the ETT placement (in centimeters
from lips to tip of ETT) for children older than 2 years: 13 +
(1/2) age); for under 1 year old: 8 + weight in kilograms [20].
The appropriate depth of ETT insertion may also be approxi-
mated by multiplying the internal diameter (millimeters) of the
ETT by 3. For example, the appropriate depth of a 5-mm ETT
is usually 15 cm. Besides auscultation, there are other maneu-
vers that will help confirm the appropriate depth of the ETT
clinically: palpating the inflated cuff externally between the level
of the cricoid cartilage and the sternal notch [21], or deliberate
right mainstem bronchial intubation followed by withdrawal
of the ETT until equal and bilateral breath sounds are heard
[22]. Besides direct visualization of the ETT passing between the
vocal cords into the trachea, further confirmation of ETT place-
ment and position can be obtained by chest X-ray or fiberoptic
endoscopy.

During the initial evaluation, all trauma patients should
receive supplemental oxygen, and oxygen saturation should be
monitored by pulse oximetry. Supplemental oxygen delivered
through nasal cannula or face mask may be satisfactory for a
conscious injured child without respiratory distress. Certain
maneuvers, such as chin lift or jaw thrust, will help improve
or establish patency of an obstructed or partially obstructed
upper airway. Chin lift involves using the fingers of one hand
to gently lift the mandible upward to move the chin anteriorly.
Care should be taken not to hyperextend the neck during the
performance of this maneuver. Jaw thrust with mouth opening
is a two-handed airway maneuver done by grasping the angles
of the jaw to displace the mandible forward and upward by
using one hand on each side (Figure 24.5). Jaw thrust has been
shown to be more effective in establishing a patent airway in
children compared with the chin lift maneuver when tonsils
and adenoids are prominent or hypertrophied [23, 24]. Apply-
ing incremental pressure on the mandible during the jaw thrust
maneuver can also help assess the level of consciousness of an
unconscious child [25]. Placing an oral airway in a conscious
patient is not recommended as this can induce gagging and
vomiting with the risk of pulmonary aspiration. If desaturation
occurs with a face mask and a patent airway, then a 100 percent
oxygen non-rebreather system and tracheal intubation should
be considered. Before attempting intubation, a properly work-
ing suction system, an adequate source of oxygen, varied sizes
of airway devices, and a table or list of calculated drug dosages
should be readily available. If direct laryngoscopy is initially
unsuccessful, then insertion of a laryngeal mask airway (LMA)

Table 24.3: Indications for Endotracheal Intubation

a. Loss of consciousness or altered level of consciousness with
inability to protect the airway

b. Inability to maintain patency of airway or clear secretions
c. Provide positive pressure ventilation and adequate oxygenation
d. Significant burn with airway injury.

can be a temporary, life-saving measure until endotracheal intu-
bation is accomplished by an alternate method. Endotracheal
intubation is the definitive airway normally used to provide or
maximize oxygenation, control or support ventilation, and help
protect the patient from pulmonary aspiration (Table 24.3).

Nasotracheal intubation or passage of a nasogastric tube
is relatively contraindicated in the presence of a basilar skull
fracture because of the potential for the ETT to penetrate the
thin cribriform plate and injure the brain.

Emergency tracheostomy is not recommended in children.
A preferred alternative is needle cricothyroidotomy using a 12,
14, or 16 G angiocatheter. This provides satisfactory oxygena-
tion but most likely will not provide adequate ventilation. Sur-
gical cricothyroidotomy is rarely indicated in infants and small
children, but can be performed in children older than 12 years
of age whose cricothyroid membrane is more easily palpable.

Cervical Spine Injury
Cervical spine fractures are less likely in children than adults

because of the greater mobility of the spine and relative laxity
of the ligaments present in children. Pediatric cervical spine
injuries are different from adult injuries (until the age of 8–
10 years), resulting mainly from anatomical differences. Chil-
dren have relatively underdeveloped neck muscles and large
heads in proportion to their bodies. Children’s vertebral bod-
ies are wedged anteriorly and tend to slide forward with flex-
ion. Younger children have horizontally angled or flat articulat-
ing facets, cartilaginous endplates, and elastic, lax interspinous
ligaments. These characteristics predispose children to upper

Figure 24.5. Jaw thrust with mouth-opening maneuver. Lifting the
angles of the mandible upward and outward opens the airway by moving
the jaw and tongue forward relieving the obstruction.
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cervical injuries, spinal cord injury without radiographic evi-
dence of abnormality (SCIWORA), and severe ligamentous
injuries. Age-related differences in behavior and risk exposure
also lead to variation in the type of cervical injury. Falls and
motor vehicular accidents are common among children less
than 10 years of age, while sports-related injuries and motor
vehicle accidents are predominant in children more than 10
years of age [26]. C-spine injuries in children less than 8 years
old are more commonly at the C1–C3 level because of the more
horizontal facets. Adolescents are more prone to lower cervical
injuries. SCIWORA, occurring in up to 50 percent of pediatric
spinal cord injuries [27], makes spinal cord injury in children
more difficult to diagnose and potentially catastrophic if unrec-
ognized. Because up to two thirds of children with spinal cord
injury have normal spine x-rays, careful history and neuro-
logic exam are essential in its diagnosis. Pseudosubluxation of
cervical vertebrae (C2–C3) and incomplete ossification are nor-
mal findings that may contribute to the difficulty in diagnosing
spinal cord injuries in children. Risk of cervical spine injury is
increased in children with Down’s syndrome, Klippel–Fiel syn-
drome, Chiari malformation, and other pathologic conditions
that may be associated with cervical spine instability. Antero-
posterior and lateral cervical spine radiographs are fundamen-
tal imaging studies for spine clearance. Computed tomography
(CT) is a useful adjunct providing more definition of bony
abnormalities. Magnetic resonance imaging (MRI) has been
used to detect ligamentous and soft tissue injuries, the extent of
spinal cord injuries, and the presence of hematoma formation,
and herniated disks not visualized by other imaging modalities.
Prognosis after cervical spine injury is related to the severity of
the initial neurologic insult. Children generally have a more
favorable outcome than adults, especially those with incom-
plete injuries.

To minimize secondary injury after an initial insult, the
cervical spine should be protected until cervical spine injury
has been ruled out. Patients should be maintained supine on
a rigid backboard, with head blocks or sandbags on each side
of the head strapped securely onto the backboard, and a rigid
cervical collar in place to minimize neck flexion and extension.
If the need for tracheal intubation arises, the patient should
be preoxygenated with 100 percent oxygen, and manual in-
line stabilization of the head and neck without traction should
be maintained by one trained person while another trained
provider performs a rapid sequence induction intubation. Trac-
tion on the possibly injured neck is not recommended and may
be harmful. The goal of cervical stabilization is immobility, not
traction. The neck should remain stabilized after intubation
and during transport of the injured child.

Breathing and Ventilation
To evaluate breathing and assess ventilation, look for abnor-

malities in respiratory rate and pattern, the presence of stridor,
grunting, nasal flaring, sternal, intercostal or subcostal retrac-
tions, head bobbing, and the use of accessory muscles of respira-
tion. Observe the chest for symmetry of expansion and paradox-
ical or “rocking boat” pattern of breathing that suggests airway
obstruction, and listen for bilateral and equal breath sounds in
the axillary areas. End-tidal carbon dioxide (ETCO2) monitor-
ing is a valuable tool for providing information about carbon
dioxide retention and adequacy of ventilation. Positive pres-
sure ventilation via manual bag and mask must be monitored

carefully in pediatric patients to avoid barotrauma and gastric
distention that could compromise ventilation and increase the
risk for pulmonary aspiration. Suctioning through an orogas-
tric tube decompresses the stomach but must be done with care
to avoid traumatizing fragile mucous membranes. Flail chest
may present with asymmetry of the chest. The differential diag-
nosis of unilateral decreased or absent breath sounds includes
endobronchial intubation, pneumothorax, or hemothorax, any
of which require prompt intervention to ensure adequate oxy-
genation and ventilation.

Circulation and Hemorrhage Control
Hemorrhagic shock is not an uncommon presentation in

children who have sustained multiple injuries. Recognition
of shock and identification of probable cause may be criti-
cally important. Treatment goals are prompt control of hemor-
rhage and restoration of organ perfusion and tissue oxygena-
tion. Initial assessment includes blood pressure, pulse rate and
rhythm, and peripheral pulses and perfusion. Delayed capil-
lary refill (longer than 2 seconds), cool extremities, cyanosis,
and skin mottling are signs suggestive of poor perfusion. Abso-
lute reliance on the blood pressure can be misleading, result-
ing in a delay in recognition and management with potentially
fatal consequences. Blood pressure is a poor indicator of hypo-
volemia in children because they are often able to maintain
a normal blood pressure despite significant hypovolemia by
compensatory vasoconstriction and tachycardia. Blood pres-
sure change may not be manifested until 30–40 percent of the
child’s circulating blood volume has been lost [28]. Marked
tachycardia is one of the early signs of hypovolemic shock in
pediatric patients. Persistent tachycardia with absent or narrow
pulse pressure implies impending cardiovascular collapse.

Immediate restoration of circulating blood volume to main-
tain adequate blood pressure, cardiac output, and perfusion of
vital organs is crucial. Initial resuscitation includes the adminis-
tration of warmed isotonic crystalloid solution, preferably lac-
tated Ringer’s as a 20 mL/kg bolus, which may be repeated
once or twice. If the child remains hemodynamically unstable
despite aggressive crystalloid fluid resuscitation, administration
of colloids and blood products should be strongly considered.
Type-specific, cross-matched packed red blood cells (PRBCs),
in 10–20 mL/kg increments, are preferable, but if fully cross-
matched blood is not immediately available, type-specific, par-
tially cross-matched PRBCs or type-specific unmatched blood
can be given. Otherwise, type O Rh-negative PRBCs can be
given until type-specific blood is available. If the patient remains
hemodynamically compromised, vasopressors (epinephrine)
and inotropes (dopamine, dobutamine) may be indicated.
Epinephrine 5–10 µg/kg intravenous (IV) bolus may be given
and repeated as required by the patient’s clinical response. In
case of failure to restore organ perfusion, despite these aggres-
sive supportive measures, thorough and continuing reevalua-
tion for other causes of bleeding should be performed. Consider
acidosis, myocardial contusion, pericardial tamponade, tension
pneumothorax, or unrecognized internal bleeding that may
require early and immediate surgical intervention to achieve
hemostasis.

Favorable signs suggestive of adequate response to volume
resuscitation include return of normal blood pressure, pulse
pressure greater than 20 mmHg, pulse rate and skin color
approaching normal, improvement in level of consciousness
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Table 24.4: Normal Hemodynamic Parameters [5]

HR RR UO
Weight (beats/ BP (per (mL · kg−1 ·

Age (yr) (kg) min) (mmHg) min) hr−1)

Infant–1 0–10 <160 >60 <60 2

1–3 10–14 <150 >70 <40 1.5

3–5 14–18 <140 >75 <35 1.0

6–12 18–36 <120 >80 <30 1.0

>12 36–70 <100 >90 <30 0.5

HR, heart rate; BP, blood pressure; RR, respiratory rate; UO, urine output.

and acid-base status, and adequate urine output. Placement
of a urinary catheter allows accurate monitoring of urine
output and facilitates assessment of the response to volume
resuscitation. Adequate urine output is generally considered
to be 2 mL · kg−1 · hr−1 in infants (less than 1 year old), 1
mL · kg−1 · hr−1 in children, and 0.5 mL · kg−1 · hr−1 in ado-
lescents and adults (Table 24.4).

Vascular Access
Obtaining IV access in pediatric patients, especially those

less than 18 months of age, may be challenging [29]. In pediatric
trauma patients with hypovolemia or shock, obtaining periph-
eral IV access can be a nightmare, even in the most experienced
hands. The hypovolemic child needs at least two relatively large-
bore peripheral IV lines: 22 G for newborns and infants up to
3 years old, 20 G for children 4 to 8 years old, 20 or 18 G for those
older than 8 years. Vascular access may be obtained peripher-
ally or centrally, percutaneously or by cutdown, or through an
intraosseous (IO) route (see Table 24.5). Central line (internal
jugular or subclavian vein) cannulation is not recommended for
primary IV access due to risks of pneumothorax and hemotho-
rax and because the head and neck should not be manipulated
if cervical spine injury has not been ruled out. If percutaneous
venous access, the preferred route, is not established in three
attempts or in 90 seconds, placement of an IO needle should
be considered [5]. The intraosseous route is a simple, reliable,
and effective alternative when peripheral intravascular access is
difficult to obtain, especially in children less than 6 years old.
To obtain IO vascular access, insert a bone marrow needle or a
Cook IO infusion needle into the proximal tibia approximately
1–3 cm below and medial to the tibial tuberosity (Figure 24.6)
[3, 30]. Direct the needle caudally to avoid the epiphyseal plate.
Drugs given via the IO route should be flushed with at least 5 mL
of saline to ensure delivery to the central circulation. Crystal-
loids, as well as blood products and medications, can be infused
at rates up to 40 mL/min using up to 300 mmHg pressure [31].
IO needle placement is contraindicated in patients with osteo-
genesis imperfecta, ipsilateral fractured extremity, or infection
at the planned cannulation site. Complications are uncommon
but may be severe; therefore, the IO route is only a tempo-
rary measure until more definitive intravenous access has been
obtained. Complications include compartmental syndrome, fat

Table 24.5: Preferred Sites for Venous Access in Children [5]

1. Percutaneous peripheral
2. Intraosseous
3. Percutaneous femoral
4. Venous cutdown: saphenous vein
5. Percutaneous external jugular vein

embolism, tibial fracture, growth plate injuries, cellulitis, and
osteomyelitis.

Disability/Neurologic Evaluation
Disability refers to the initial neurologic evaluation that will

serve as the basis for comparison to subsequent assessments.
The mnemonic “AVPU” refers to awareness (A), response to
verbal (V) stimuli and pain (P), and unresponsive to stimuli
(U).

The classic Glasgow Coma Scale (GCS) used in adults for
initial assessment of neurologic status and prognosis is not very
reliable in children of all ages. It has been shown that in the
absence of ischemic-hypoxic injury, children with severe trau-
matic brain injury and unfavorable GCS score (GCS 3 to 5) can
recover independent function [32]. To be applicable to infants
and young children, the GCS verbal scoring has been modified
(see Table 24.6). A more general Pediatric Trauma Score (PTS)
may be used for triage purposes (Table 24.7).

Exposure/Environmental Control
Traumatized children should be completely undressed to

facilitate thorough examination. Infants and children lose body
heat quickly because they have large surface areas relative to
body weight, thinner skin with less subcutaneous fat, and higher

Figure 24.6. Location and technique for intraosseous (IO) access in an
infant. The site of cannulation is on the flat surface of the tibia palpated
approximately 1–3 cm (about one finger’s width) below and just antero-
medial to the tibial tuberosity.

Use gentle but firm twisting motion to advance the needle through
the proximal tibia directed slightly caudally to avoid the epiphyseal plate
until a sudden decrease in resistance to forward motion is felt. (Source:
Fiser DH Intraosseous infusion. N Engl J Med 322, 1990, pp 1579–81
Figure 1.)
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Table 24.6: Glasgow Coma Scale (GCS)

Response Score

Eye Opening
Spontaneous 4
To shout/speech 3
To pain 2
No response 1

Motor Response
Spontaneous/obeys commands 6
Localizes pain 5
Flexion withdrawal 4
Decorticate posturing 3
Decerebrate posturing 2
No response 1

Verbal Response Modified for Children
Appropriate words, social smile, fixes and follows 5
Cries, consolable/inappropriate words 4
Persistently irritable/incomprehensible words 3
Restless, agitated, moans 2
No response 1

GCS: < or = 8, severe injuries; 9–12, moderate injuries; 13–15, minor
injuries.

metabolic rates. Temperature must be closely monitored and
measures should be taken to keep pediatric trauma patients
warm. Ambient room temperature should be adjusted to more
than 24◦C, even before the child’s arrival. Warm blankets may
be used to cover all exposed areas after the initial assessment.
Forced-air convective heating blankets have been shown to be
an effective method to prevent hypothermia [33]. All fluids
and blood products should be infused through fluid warmers
(see also Chapter 29). Transfusing cold blood rapidly through
a central line may lead to arrhythmias.

Secondary Survey

The secondary survey includes a thorough evaluation of each
organ system, a head-to-toe examination of the injured patient,
and reevaluation of hemodynamic parameters. The following
information can be obtained by using the mnemonic AMPLE:
allergies (A), medications (M), past medical and surgical histo-
ries (P), last meal (L), and events (E) related to the injury. Addi-
tional indicated diagnostic procedures should be performed
according to clinical need and ATLS approach. Consultation
with other services is done as necessary.

A N E S T H E T I C C O N S I D E R AT I O N S

Preoperative Evaluation

The trauma anesthesia team should be involved early in the
care of the pediatric trauma patient to maximize efficiency
and optimize adequate operating room (OR) preparation and
availability. Preoperative evaluation starts with the history and
physical exam. However, obtaining information in pediatric
trauma patients may be limited because of the severity of the

Table 24.7: Pediatric Trauma Score (PTS)

Variable +2 +1 –1

Weight (kg) >20 10–20 <10

Airway patency normal maintained unable to maintain

Systolic BP in
mmHg

>90 50–90 <50

Neurologic status awake obtunded comatose

Open wound none minor major/penetrating/
burns

Skeletal trauma none closed open/multiple

PTS: 9–12, minor trauma; 6–8, potentially life threatening; 0–5,
life-threatening; <0, usually fatal.

injury, unavailability of family or relatives, and, occasionally,
the need to move an unstable patient to the OR for imme-
diate surgical intervention. Family members, if available, can
provide information about their child’s drug allergies, medi-
cal conditions, prior surgeries and anesthetic experience, and
any family history of anesthetic complications. Otherwise, pre-
liminary information can be obtained from the transport team
or emergency room physician. It is also important to note the
course of events and treatment given at the scene of the acci-
dent and in the emergency department, the type and amount
of fluids and blood products given, available ancillary labora-
tory data, electrocardiogram (EKG), and results of radiologic
studies. Physical examination should include vital signs, neu-
rologic status, and a quick, organized organ system evaluation.
The presence of adequate free-flowing intravenous lines, oro-
gastric or nasogastric tubes, chest tubes, urinary catheters, and
an intracranial pressure (ICP) monitoring device should also
be noted.

Understanding the physiologic, anatomic, and pharma-
cologic characteristics of pediatric patients, and how certain
aspects of pediatric trauma differ from adult trauma, con-
tributes to safe conduct of anesthesia and may improve out-
come. Specific modification of anesthetic techniques and equip-
ment may be required. Major anesthetic considerations in the
management of urgent surgery in the pediatric trauma patient
include the presence of gastric contents (“full stomach”), air-
way management, monitoring, anesthetic agents, and fluid and
blood resuscitation.

Intraoperative Management

Adequate preparation and availability of an operating room
for trauma is vital in the care of severely injured children. The
anesthesia machine should be checked and properly function-
ing. All appropriate monitors, equipment, heating devices and
rapid infusion systems, defibrillator, and resuscitation “crash”
cart should be readily available, along with airway equipment
of various sizes and a “difficult airway cart” including equip-
ment for establishing an airway using fiberoptic endoscopy or
another alternate technique with which the anesthesiologist is
comfortable.
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Table 24.8: Effects of Hypothermia

Increased oxygen consumption

Left shift of oxyhemoglobin dissociation curve

Coagulopathy with prolonged bleeding

Metabolic and lactic acidosis, hypoglycemia

Apnea

Depressed myocardial contractility, arrhythmias

Impaired drug metabolism, delayed emergence from anesthesia

Increased mortality [31]

It is logical to use an individualized approach in the conduct
of anesthesia for the pediatric trauma patient. The decision
making should be influenced by the type and severity of injury,
preoperative airway management, anticipated airway difficulty,
hemodynamic stability, and neurologic status of the patient.

Monitors
No monitor can satisfactorily substitute for the vigilant

pediatric trauma anesthesiologist (see also Chapter 4). Mon-
itors provide useful information that can aid in the timely
application of necessary therapeutic interventions. Standard
monitors include noninvasive arterial blood pressure, ECG,
pulse oximeter, expiratory capnogram, precordial or esophageal
stethoscope, temperature probe, and FiO2 monitor. The pulse
oximeter measures arterial oxygen saturation and evaluates ade-
quacy of oxygenation and peripheral tissue perfusion. In the
presence of vasoconstriction due to hypovolemia, hypother-
mia, or shock, pulse oximetry becomes unreliable. Exhaled CO2

monitoring, capnography, is used to confirm endotracheal intu-
bation, follow the adequacy of ventilation and effectiveness of
cardiopulmonary resuscitation (CPR) (closely related to pul-
monary blood flow and cardiac output), and estimate arterial
partial pressure of carbon dioxide (PaCO2). The concentration
of expired CO2 is normally within 2–3 mmHg of that in the
arterial blood [7]. In the mechanically ventilated neonate or
young infant, the dead-space volume between the breathing
circuit and the ETT may be relatively more significant than in
an adult, resulting in higher dead space to tidal volume ratio and
less accurate, lower, ETCO2 values. High oxygen flows, hypo-
volemia, or low cardiac output, increased alveolar-arterial gra-
dient, and high respiratory rates are other factors that may cause
a decrease in the ETCO2 value. Monitoring the trend as much
as the actual ETCO2 value is, therefore, especially important
in infants and young children. Laboratory blood gas analysis
may be used to determine the relationship between ETCO2 and
actual arterial PaCO2. Continuous temperature monitoring is
requisite in the care of an injured child to help avoid the adverse
effects of hypothermia (Table 24.8).

Invasive monitors to consider include an arterial line, a cen-
tral venous catheter, a urinary catheter, and/or an ICP monitor-
ing device. Invasive arterial blood pressure measurement is use-
ful, but urgent surgery should not be delayed if attempts to place
an arterial line are unsuccessful. An arterial line allows accu-
rate, continuous beat-to-beat blood pressure measurement,

especially useful when intraoperative major changes in blood
pressure are expected, and it also provides access to obtain
blood samples for analysis. Aside from urine output and central
venous pressure (CVP) monitoring, respiratory cycle variations
in the contour of the arterial waveform during mechanical ven-
tilation may predict a favorable response to fluid resuscitation
[35].

Induction of Anesthesia
Pediatric trauma patients are brought urgently to the OR

most commonly because of hemodynamic instability, often due
to penetrating chest injury or acute head bleed. Transport of the
unstable trauma patient to the operating room can be challeng-
ing and potentially dangerous because lines, airways, and even
vital signs may be lost en route. Efficient airway and breathing
assessment and inventory of lines should be performed imme-
diately upon arrival of the child in the OR. When transferring
the child to the OR table, cervical spine precautions should be
maintained. Resuscitation should be continued during place-
ment of invasive monitors (arterial line, urinary catheter) and
establishment of additional IV access.

The primary responsibility of the anesthesiologist is focused
first on airway, breathing, and circulation. If the trachea is
already intubated, correct placement and position of the ETT
should be confirmed by symmetry of chest expansion, pres-
ence of bilateral, equal breath sounds, and a normal ETCO2

waveform on the capnogram or a color change when using a
portable ETCO2 detector before beginning mechanical ventila-
tion to ensure adequate oxygenation and ventilation.

Infants and children may come to the OR conscious or semi-
conscious on supplemental oxygen through a nasal cannula or
face mask. They will most often require endotracheal intuba-
tion for the surgical procedure, so a reasonable and safe plan
to secure the airway must be formulated. Alternative means
of establishing an airway should be immediately available at
hand in case direct laryngoscopy proves to be difficult. This
underscores the need to be familiar and knowledgeable with
the American Society of Anesthesiologists’ (ASA) difficult air-
way algorithm (see also Chapter 2).

All trauma patients are presumed to have full stomachs and
many are at risk for having cervical spine injuries as well. Rapid
sequence intravenous induction and intubation with manual
in-line cervical spine stabilization is generally indicated. An
assistant maintains the head and neck in anatomic alignment
with the body by holding the child’s head on both sides just
under the child’s mastoid processes [31], so that extreme flex-
ion and extension of the head during intubation is prevented.
Rapid sequence induction and intubation minimize the time
between loss of airway reflexes and protection of the airway
with an ETT. It begins with preoxygenation using 100 percent
oxygen for three to five minutes or four maximal breaths, fol-
lowed by intravenous injection of an anesthetic induction agent
and a muscle relaxant while a trained assistant applies cricoid
pressure as the child loses consciousness. Direct laryngoscopy
is performed as soon as the muscle relaxant has taken effect.
In-line spine stabilization is maintained throughout. Once the
induction agent and muscle relaxant are given, manual ventila-
tion by facemask is generally avoided unless there is concern for
hypoxia and hypercarbia. ETT placement is confirmed by con-
tinuous presence of a normal ETCO2 capnogram, auscultating
bilateral equal breath sounds in the axillary areas, and absence
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Vocal cords

GRADE I GRADE II GRADE III GRADE IV

Epiglottis

Figure 24.7. Cormack and Lehane classification. Grading based on the degree of visualization of the glottic
opening during direct laryngoscopy. Grade I, entire glottis visible; Grade II, posterior portion of glottis visible;
Grade III, only tip of epiglottis is visible; Grade IV, only soft palate is visible. (Source: Cormack RS, Lehane J.
Difficult tracheal intubation in obstetrics. Anaesthesia 1984;39;1105–11 or Morgan GE Jr, Mikhail MS, Murray
MJ, et al. Airway management. In Clinical Anesthesiology, 3rd edition. New York: McGraw–Hill Companies Inc.,
2002, p 82, Figure B.)

of gastric sounds in the stomach. Cricoid pressure is main-
tained until ETT tube placement has been confirmed and the
ETT cuff inflated. If the child is combative and uncooperative
with preoxygenation, a “modified” rapid sequence induction
is an option. Alternatively, inhalation induction can be used
in a combative child with cricoid pressure applied as the child
loses consciousness. The risks and benefits of each induction
technique need to be carefully considered, especially regarding
aspiration and exacerbation of injuries due to excessive move-
ment. Compared with adults, younger pediatric patients desat-
urate more quickly even with short periods of apnea, such as
may occur during induction and intubation because they have
higher oxygen consumption due to increased metabolic rate,
and lower oxygen reserve due to decreased functional capacity.
This emphasizes the importance of adequate preoxygenation.
With the “modified” rapid sequence technique, gentle posi-
tive pressure oxygenation and ventilation by bag and mask is
performed after the muscle relaxant is given. Inflation pressures
should ideally be limited to less than 15–20 cm H2O to minimize
possible gastric distention with the potential for regurgitation
and aspiration. A properly working suction system should be
readily available prior to direct laryngoscopy in the event of pas-
sive regurgitation or vomiting. Oxygen should also be provided
after each failed intubation attempt.

The rigid cervical collar, cervical spine stabilization, and
application of cricoid pressure potentially can all serve to make
direct laryngoscopy and intubation technically difficult. The
anterior part of the rigid collar is usually removed before induc-
tion while an assistant stabilizes the child’s head in the neutral
position, preventing any significant movement of the neck. Cer-
vical spine stabilization occasionally interferes with visualiza-
tion of the vocal cords, converting a Grade 2 laryngeal view of
the vocal cords into a Grade 3 view (Figure 24.7) [36]. The use
of a gum elastic bougie can be a life-saving tool in this scenario
where the bougie is inserted first and acts as a stylet to guide the
passage of the ETT into the trachea. The smallest cuffed ETT
that will fit over a pediatric gum elastic bougie is 3.5 mm inter-
nal diameter (ID), whereas the adult size gum elastic bougie will
fit into a cuffed ETT 6.5 mm ID and larger. Cricoid pressure, the
Sellick maneuver, is used routinely in patients with full stomach
to theoretically protect against gastric distention, passive regur-
gitation, and pulmonary aspiration. However, optimal applica-
tion of cricoid pressure is difficult to achieve and its application
is operator-dependent. Even though cricoid pressure remains a
widely accepted standard of practice during induction of anes-
thesia [37] and during resuscitation [38], concerns about its
safety and efficacy have been raised [39, 40]. The benefit of

cricoid pressure is being questioned because there has been no
proof that its introduction into clinical practice has improved
patient outcome [41]. Cricoid pressure may be ineffective even
when applied by experienced personnel [42], and it may actu-
ally increase the risk for failed intubation and regurgitation [41]
if not properly done. Cricoid pressure is applied by placing the
thumb and middle finger on either side of the cricoid cartilage
and the index finger above preventing lateral movement of the
cricoid [43]. Another method is placing the palm of the hand
on the sternum and applying pressure to the cricoid cartilage
using only the index and middle finger [44], with the assistant
personnel applying the maneuver standing on the left side of the
patient. The latter technique improves the laryngoscopic view
by reducing the risk of excessive pressure causing distortion of
the larynx, prevents interference with the laryngoscope blade,
and helps displace large breasts. Cricoid pressure is relatively
contraindicated in patients with known or suspected laryngeal
injury or hypertrophied lingual thyroid tissue. Cricoid pressure
in these instances may lead to complete airway obstruction.

If a difficult airway, especially with difficult direct laryn-
goscopy, is anticipated, spontaneous ventilation may be main-
tained while an inhalational agent is used to deepen the level of
anesthesia in preparation for a fiberoptic-assisted intubation. In
this case, adequate bag-mask ventilation should be confirmed
prior to administering a muscle relaxant. Fiberoptic intubation
allows visualization of the glottis without any neck movement,
but the presence of blood and debris in the airway may make
visualization difficult. If difficult airway was unexpected, an
LMA can usually be easily and quickly inserted to reestablish
or maintain oxygenation and ventilation until a more defini-
tive airway can be established. An LMA may also be used as a
conduit to facilitate fiberoptic tracheal intubation.

A hypovolemic child is sensitive to the vasodilating and
negative inotropic effects of volatile anesthetic agents, barbitu-
rates, and other drugs associated with histamine release, such
as morphine, meperidine, atracurium, and mivacurium. The
key to safe anesthetic management of the hemodynamically
unstable pediatric trauma patient is the administration of rel-
atively small incremental doses of any selected agents. Anes-
thetic induction agents are effective in reduced doses because
the hypovolemic child has a decreased volume of distribution
while blood flow to the brain and heart are maintained close
to normal, and because concentrations of drug-binding serum
proteins are reduced by the dilutional effects of fluid resus-
citation. Any of the major intravenous induction agents can
be used as long as the chosen agent is titrated carefully to
minimize deleterious effects. Sodium thiopental (3–6 mg/kg
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IV) causes myocardial depression and venodilation; therefore,
cautious and slow intravenous titration is necessary to min-
imize significant decreases in blood pressure in the hypov-
olemic patient. Thiopental is rapid acting, lowers IOP, and does
not cause pain on injection. It is a good choice in children
with head injury and increased intracranial pressure because
it causes dose-dependent decreases in cerebral oxygen con-
sumption, cerebral blood flow, and ICP and reduces epilep-
tiform activity. Induction doses of propofol (2–3 mg/kg IV)
may also be expected to decrease arterial blood pressure due
to a decrease in systemic vascular resistance, cardiac contrac-
tility, and preload. Propofol has more pronounced hypoten-
sive effects than thiopental especially in inadequately hydrated
patients (see also Chapter 8). A major clinical disadvantage
with propofol is pain on injection especially when given into
the small veins of infants and children. Propofol may, therefore,
not be the best choice for rapid sequence induction. Crying can
lead to air swallowing and gastric distention, increasing the
risk of aspiration. The use of lidocaine, 0.5–1 mg/kg IV, prior
to propofol injection may help attenuate the pain. Propofol
decreases cerebral blood flow and intracranial blood pressure.
It also has antiemetic, anticonvulsant, and antipruritic proper-
ties.

Ketamine may be the ideal anesthetic induction agent for
the hypotensive, hypovolemic, severely injured child who needs
urgent or emergent surgery to control hemorrhage. An induc-
tion dose of ketamine, followed by a continuous maintenance
infusion, may actually elevate and help maintain blood pressure
while providing complete anesthesia including analgesia and
amnesia. Ketamine (1–3 mg/kg IV) is an N-methyl-d-aspartate
(NMDA) receptor antagonist that has indirect cardiovascu-
lar effects through central stimulation of the sympathetic ner-
vous system and inhibition of norepinephrine uptake leading to
increased systemic blood pressure, heart rate, and cardiac out-
put, which is often beneficial to patients in acute hypovolemic
shock. Rarely, the direct myocardial-depressant, hypotensive
effect of ketamine may be unmasked in patients whose cate-
cholamine stores are maximally depleted. Induction doses of
ketamine minimally affect the ventilatory drive and do not
depress upper airway reflexes. Ketamine causes some increase in
salivation that may be attenuated by an anticholinergic premed-
ication, such as atropine (0.01–0.02 mg/kg IV) or glycopyrrolate
(0.01 mg/kg IV). Ketamine has been reported to increase IOP
[45]. Ketamine has also been shown to increase ICP [46], cere-
bral oxygen consumption, and cerebral blood flow and thus is
usually avoided in patients with space-occupying intracranial
lesions. Etomidate (0.2–0.3 mg/kg IV) is a potent, short-acting,
nonbarbiturate sedative hypnotic without analgesic properties
that provides marked hemodynamic stability due to its mini-
mal effects on the cardiovascular system. It is associated with
myoclonus, and like propofol, it causes pain on injection due to
its propylene glycol additive. Etomidate possesses both anticon-
vulsant and proconvulsant properties. Like sodium thiopen-
tal, etomidate decreases cerebral metabolic rate, cerebral blood
flow, and intracranial pressure. Its major drawback is adreno-
cortical suppression, especially after prolonged continuous
infusions [47, 48].

Succinylcholine (1.5–2 mg/kg IV) is a depolarizing muscle
relaxant and may be the drug of choice for intravenous rapid
sequence induction and endotracheal intubation because of its
rapid onset (30–60 seconds) and brief duration of action (5–10

minutes). In the event that endotracheal intubation is unexpect-
edly difficult and bag-mask ventilation becomes inadequate,
quick recovery from succinylcholine neuromuscular blockade
allows return of potentially life-saving spontaneous respiratory
efforts. Due to their relatively large volume of distribution,
infants require larger doses of succinylcholine (2–3 mg/kg IV)
than do adults. Succinylcholine, especially when given repeat-
edly, may produce transient bradycardia [49, 50], junctional
rhythm, and sinus arrest in children [51]. Pretreatment with a
vagolytic agent such as atropine (0.01–0.02 mg/kg IV) is indi-
cated before a repeat dose of succinylcholine is given. Rou-
tine administration of prophylactic atropine before an initial
dose of succinylcholine in children to maintain cardiovascu-
lar stability and prevent bradycardia remains controversial [52,
53], and this practice varies widely [52]. Atropine produces a
bimodal sinoatrial node response such that small doses slow and
larger doses accelerate nodal activity [54]. The administration
of atropine 10 µg/kg may reduce the incidence of, but not pre-
vent, arrhythmias following the first dose of succinylcholine [52,
55]. Infants less than 6 months of age appear to have parasym-
pathetic dominance [56, 57]. This incomplete maturation of
the sympathetic nervous system may account for the clinically
observed marked vagal responses of neonates to a variety of
stimuli [58], such as direct laryngoscopy and intubation. Desire
to minimize the occurrence of this reflex-induced bradycardia
may partly explain the continued use of “prophylactic” atropine
in infants and neonates. Though the debate goes on, the major-
ity of practitioners use prophylactic atropine before repeated
doses of succinylcholine [50, 59]. The mechanism of the car-
diovascular effects of succinylcholine remains unexplained [60,
61]. Succinylcholine transiently increases IOP, intragastric and
lower esophageal sphincter pressures, and ICP. Hyperkalemic
cardiac arrest has occurred after succinylcholine administra-
tion to children with undiagnosed myopathy.Succinylcholine is
contraindicated in patients with muscular dystrophies, major
denervation injury, burns more than 24 hours old, a history of
malignant hyperthermia, disuse atrophy, neuromuscular dis-
orders, prolonged immobility with disease, and hyperkalemia
(see also Chapter 9).

Rocuronium is a nondepolarizing muscle relaxant fre-
quently used as an alternative to succinylcholine. Larger doses
of rocuronium (0.9–1.2 mg/kg IV) are required to facilitate
rapid onset of neuromuscular blockade for intubation. These
doses of rocuronium may prolong its duration of action to as
much as 90 minutes. Rocuronium does not cause histamine
release. After injecting thiopental, the intravenous line should
be flushed before administering rocuronium, which precipi-
tates with thiopental. Vecuronium is another nondepolariz-
ing muscle relaxant that does not cause histamine or adverse
cardiovascular effects. Its onset of action is slower than that
of rocuronium. Vecuronium, 0.25 mg/kg IV, provides good
intubating conditions in 60–90 seconds. It is an acidic com-
pound that can be deactivated in alkaline solution such as
commercial preparations of thiopental. So thiopental should
be flushed from the intravenous line before administering
vecuronium.

Maintenance of Anesthesia
The overall clinical status of the injured child, associated

injuries, the nature of the surgical procedure, and postoperative
ventilatory needs of the child dictate the choice of technique
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and selection of agents used in the maintenance of anesthesia. A
balanced general anesthetic using volatile agents, opioids, and
muscle relaxants may be used for maintenance in hemodynam-
ically stable patients. A narcotic-based anesthetic technique,
using fentanyl or remifentanil with muscle relaxant, and an
amnestic agent would be more appropriate for unstable patients
who cannot tolerate volatile agents. Sevoflurane, isoflurane, and
nitrous oxide are inhalational anesthetic agents widely used
in pediatric anesthesia. All inhalational agents cause a dose-
dependent myocardial depression, peripheral vasodilation, and
systemic hypotension. The less commonly used halothane and
enflurane decrease cardiac output with minimal effect on sys-
temic vascular resistance, while isoflurane and desflurane can
profoundly decrease systemic vascular resistance but have min-
imal effect on the cardiac output, both because of tachycardia.
Sevoflurane is associated with no or minimal change in systemic
blood pressure and increase in heart rate. In the injured child,
perfusion to the heart and brain may be maintained despite poor
perfusion to other organs, so inhalational anesthetic require-
ments are reduced.

Nitrous oxide is 34 times more soluble than nitrogen and
tends to rapidly diffuse into and expand any air-containing
cavities. Therefore, the use of nitrous oxide should be avoided
in children with suspected or known pneumothorax, air embol-
ism, or pneumocephalus.

Hypotensive pediatric trauma patients may not tolerate
even reduced concentrations and doses of anesthetic agents.
Amnestic agents such as benzodiazepines or scopolamine may
be administered to help prevent recall or intraoperative aware-
ness. An opioid-based anesthetic technique, supplemented with
carefully titrated volatile agents, may be well tolerated. Fentanyl
provides good analgesia and maintains hemodynamic stability.

Rapid changes in the ventilatory and hemodynamic status
can occur intraoperatively, so constant vigilance is imperative.
Positive pressure ventilation may expand a small undiagnosed
pneumothorax leading to compromised circulation, oxygena-
tion, and ventilation. Lung contusion may lead to progressive
hypoxemia and hypercarbia. Occult bleeding can result in unex-
plained hypotension and shock.

Large amounts of intravenous fluids may be required to
replace body fluid deficits and blood loss during surgery. Iso-
tonic crystalloid solution is the intravenous fluid of choice for
initial replacement of fluid losses associated with hemorrhagic
shock, major surgery, and trauma to rapidly restore circulating
blood volume and vital organ perfusion. Intraoperative fluid
management includes replacement of preoperative deficits, pro-
vision of maintenance fluids, and replacement of ongoing blood
loss and third-space losses.

An accurate estimate of preoperative blood loss in pedi-
atric trauma patients is difficult, if not impossible. To estimate
the intraoperative maintenance for pediatric patients, the “4-
2-1 rule” formula (Table 24.9) is commonly used. With use
of this formula, the required maintenance fluid for a 23-kg
child will be 4 mL · kg−1 · hr−1 for the first 10 kg, plus an addi-
tional 2 mL · kg−1 · hr−1 for the next 10–20 kg, plus another
1 mL · kg−1 · hr−1 for weight greater than 20 kg, for a total of
63 mL/hr (40 + 20 + 3). Glucose-containing solutions should
be avoided, unless necessary in cases of hypoglycemia or in pa-
tients at risk for hypoglycemia, for example, neonates. Glucose-
containing solutions contribute to hyperosmolality, intraop-
erative hyperglycemia, and osmotic diuresis, and have been

Table 24.9: “4-2-1 Rule” for Hourly Maintenance Fluid
Requirement

Weight (kg) Fluid (mL · kg−1 · hr−1)

0–10 4 for each kg

10–20 40 + 2 for each kg between 10 and 20

>20 60 + 1 for each kg over 20

shown to worsen neurologic outcome after cerebral ischemia
[62, 63].

A relatively small amount of blood loss may be detrimen-
tal to an infant or child whose normal preinjury circulating
blood volume is small relative to that of an adult. Replacement
fluids include crystalloids, colloids, and blood products. Preop-
erative and intraoperative fluid losses are mostly isotonic and
are appropriately replaced by lactated Ringer’s or 0.9 percent
normal saline solutions. Lactated Ringer’s solution is slightly
hypotonic (273 mOsm/L; sodium, 130 mEq/L; chloride, 108
mEq/L) and contains electrolytes. It appears to be the most
physiologic solution, especially when given in large volumes.
In contrast, normal saline (308 mOsm/L; sodium, 154 mEq/L;
chloride, 154 mEq/L) leads to hyperchloremic metabolic acido-
sis when large volumes are infused. Colloids such as 5 percent
albumin have been used in pediatric patients [64] with limited
data to show its advantage over crystalloids [65, 66]. Hetastarch,
a colloid solution, has limited usefulness because it is associated
with platelet dysfunction and clinical coagulopathy when more
than 15–20 mL/kg are infused [67]. Primarily based on studies
in adults, Hextend, a solution of 6 percent hetastarch in lactated
Ringer’s solution, is less likely to result in clinical coagulopathy
even when infused in relatively large volumes when compared
with Hespan, a solution of 6 percent hetastarch in normal saline
[68–71]. Limited data support the use of hetastarch in children
[72]. One study suggests that 6 percent hetastarch is safe and as
effective a volume expander as 5 percent albumin in children
older than 1 year [73]. Debate continues over the best choice
of fluid for volume resuscitation. Balanced salt solutions, crys-
talloids, distribute to the extracellular space with only 20–30
percent of the infused volume remaining in the intravascular
space after two hours; thus, three to four times the volume of
blood lost must be infused to maintain normovolemia. Pro-
ponents of colloids argue that the need for larger volumes of
crystalloid to restore adequate circulating blood volume pro-
motes more tissue edema and reduction in oxygen delivery to
the tissues after the acute phase of resuscitation.

Third-space fluid losses depend on the severity of the
injury and the extent of the surgery. The composition of this
third-space fluid is similar to that of extracellular fluid, so bal-
anced salt solution is again the preferred fluid for replacement.
An accurate estimate of actual fluid loss is impossible, so fluid
replacement should be guided by cardiovascular response and
urine output. A guideline commonly used is presented in Table
24.10.

Initially, each 1 mL of blood loss should be replaced with 3
mL of crystalloids, combined with colloids (1 mL per 1 mL of
blood loss) to maintain normovolemia. The hematocrit should
be monitored whenever blood loss is moderate or greater. When
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Table 24.10: Replacement of Third-Space and Evaporative
Surgical Fluid Losses

Surgical Trauma Fluid Replacement (mL · kg−1 · hr−1)

Minimal 1–2

Moderate 4–6

Severe 6–10

a predetermined lower limit of hematocrit has been reached
blood products are indicated. Red blood cell transfusion is ini-
tiated to increase, maintain, or optimize the oxygen-carrying
capacity of the intravascular volume. The use of other blood
products, such as fresh-frozen plasma (FFP), platelets, and cry-
oprecipitate or other factors, should be guided by coagula-
tion studies and clinical signs of coagulopathy or disseminated
intravascular coagulopathy (DIC).

Indications for blood transfusion are similar to those in
adults. The decision to transfuse will be influenced by preop-
erative hematocrit (Hct), estimated blood volume (EBV), the
presence and nature of coexisting illnesses, rate of bleeding,
and the clinical response of the patient to volume resuscitation.
Knowledge of the estimated blood volume (Table 24.11) and
the acceptable hematocrit in the pediatric patient (Table 24.12)
[74] will aid the anesthesiologist in determining the maximum
allowable blood loss that can be safely tolerated beyond which
blood transfusion becomes an important consideration. Max-
imum allowable blood loss (MABL) may be calculated as:

MABL = (initial hematocrit – target hematocrit)

Initial hematocrit
× EBV

To estimate the amount of PRBCs needed to reach the tar-
geted hematocrit value, the following formula may be used:

Volume of PRBCs (mL) =
desired hematocrit – present hematocrit

hematocrit of PRBC (approximately 60%)
× EBV

The hematocrit of PRBCs is approximately 60–70 percent,
so that 100 mL of PRBC will provide 60–70 mL of red blood cells.
PRBCs (10 mL/kg) will increase the hematocrit by 5–10 percent
and hemoglobin by approximately 3 g/dL. Platelets and FFP

Table 24.11: Estimated Blood Volume in Relation to Age

Age Blood Volume (mL/kg)

Premature infant 90–100

Newborn 80–90

3 months to 1 year 70–80

>1 year 70

Table 24.12: Normal and Acceptable Hematocrits in Pediatric
Patients [71]

Normal Hematocrit Acceptable Hematocrit

Premature 40–45 35–40

Newborn 45–65 35–40

3 months 30–42 25

1 year 34–42 20–25

6 years 35–43 20–25

should be given when blood loss exceeds one to two blood vol-
umes or when results of coagulation profile studies are abnor-
mal. Platelets (10 mL/kg) will raise the platelet count to about
50,000 mm−3. FFP (10–15 mL/kg) is indicated to treat coagu-
lopathy. It is important to remember that FFP has a high citrate
concentration and that citrate chelates calcium, so rapid infu-
sion of large volumes of FFP can lead to severe hypocalcemia and
hypotension [7], if unrecognized or not treated. Avoid infus-
ing blood products in the same tubing as calcium-containing
solutions, such as lactated Ringer’s, because the anticoagulant
citrate present in the blood products may bind to calcium and
become inactivated, resulting in clot formation. The pediatric
dose of cryoprecipitate is 1 unit/10 kg weight.

Recombinant activated coagulation factor VII (rFVIIa) has
been recently approved by the U.S. Food and Drug Administra-
tion (FDA) only for treatment of bleeding in hemophilia or von
Willebrand disease with inhibitor antibodies. Even with limited
pediatric data and clinical experience, its off-label use has shown
promising results (see also Chapter 7). Recombinant FVIIa has
reportedly been effective in controlling life-threatening trau-
matic and intraoperative bleeding unresponsive to conventional
supportive intervention (PRBC, FFP, platelets) [75–80].

Massive blood transfusion is defined as the loss of one
or more circulating blood volume (see also Chapter 7). Mas-
sive blood transfusion may lead to coagulopathy as a result
of dilutional thrombocytopenia and reduction in clotting fac-
tors (Table 24.13). With the first blood volume lost, approxi-
mately 40 percent of the starting platelet count is lost. Losing
the second blood volume will lead to loss of another 20 per-
cent of the starting platelets, with yet another 10 percent of the
starting platelet count lost when the third blood volume is lost

Table 24.13: Complications of Massive Transfusion

Citrate toxicity and hypocalcemia

Hyperkalemia

Metabolic acidosis

Hypothermia

Coagulopathy or DIC

Shift of O2-Hgb dissociation curve to the left
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[81]. Obtaining laboratory studies such as prothrombin time
(PT), partial prothrombin time (PTT), and platelet count will
help evaluate the presence and severity of coagulopathy. Other
more sophisticated tests, such as platelet function analyzer and
thromboelastography (TEG), may also be helpful if available.
The presence of increased fibrinogen split products and low
fibrinogen level is suggestive of DIC requiring transfusion of
fresh-frozen plasma, platelets, and cryoprecipitate.

Pediatric patients are prone to hypothermia, especially
when exposed to cold operating rooms, cold irrigation fluids,
cold IV fluids and blood products, and the effects of anesthesia
on the thermal regulation. The presence of large open wounds
and exposure of body cavities during surgery aggravate evapo-
rative heat loss. All possible aggressive measures should be taken
to restore normothermia and avoid its adverse effects (Table
24.8). Techniques to prevent hypothermia include warming
all intravenous fluids and transfused blood products, surgical
preparation and irrigation fluids, using warm blankets, water
mattresses, overhead radiant warmers, and increasing the ambi-
ent temperature of the operating room to more than 28◦C.
Wrapping the head and uninvolved exposed extremities is also
effective, because children, especially infants, lose heat signifi-
cantly from their head.

Emergence and Postoperative Considerations
The severity and type of initial injury, intraoperative surgi-

cal course, and the need for postoperative ventilatory support
influence the decision to extubate the child’s trachea at the con-
clusion of surgery. Children with minor injuries can be extu-
bated at the end of the procedure if the following criteria are
met: child is awake and alert, vital signs are stable without any
inotropic support, and the child is euthermic and maintaining
adequate oxygenation and ventilation with spontaneous res-
pirations and reversal of neuromuscular blockade. If the deci-
sion has been made to keep the child intubated, then transport
to the intensive care unit must be carefully planned. Trans-
port monitors, full oxygen tank and ambu-bag, emergency air-
way equipment, fluids, and resuscitation drugs should be read-
ily available. Cervical spine precautions should be maintained
throughout and reassessment of the adequacy of oxygenation
and ventilation should be confirmed every time the patient is
moved.

H E A D T R AU M A

More than half of pediatric trauma patients sustain serious head
injuries, the major cause of morbidity and mortality in chil-
dren [27, 82]. The child’s relatively large head helps explain the
higher incidence of closed-head injury associated with motor
vehicle accidents and falls in infants and young children (see
also Chapter 12).

Child abuse is the leading cause of head injury in infants less
than 1 year old and accidental head injury is the most common
cause of mortality in children older than 1 year of age [83]. The
relatively rapid brain growth with increasing brain water con-
tent during the first two years of life, combined with relatively
lower cerebrospinal fluid and cerebral blood volumes, makes the
young brain more vulnerable to traumatic injury and ischemia.
Compared with adults, blunt head trauma in children is less
likely to cause focal mass lesions or intracranial hematomas,

Table 24.14: Normal ICP (mmHg) [83]

Infants 0–6

Toddlers 6–11

Adolescents 13–15

but more likely to lead to diffuse brain swelling with elevated
ICP [84].

Head trauma varies from scalp injury to skull fracture,
hematoma formation, cerebral concussion, and intracranial
bleed. Because the scalp is highly vascular, blood loss from
scalp injury in a child can be significant, even leading to hemo-
dynamic instability in an infant. Most pediatric skull fractures
are linear and do not require surgery unless the underlying
brain and vasculature is damaged. Child abuse should be sus-
pected in the presence of multiple fractures inconsistent with
the child’s reported history. A scalp hematoma in a child is sug-
gestive of an underlying skull fracture and is a sensitive predictor
of intracranial injury [85]. Epidural hematomas are less com-
mon in pediatric than adult trauma. Sixty to eighty percent of
pediatric cranial epidural hematomas are associated with skull
fracture [27]. Epidural hematomas are most commonly due to
bleeding from middle meningeal artery injury, whereas subdu-
ral hematomas are due to tears in the cortical bridging veins.
In contrast to adults, children with subdural hematomas may
have no associated skull fractures [1]. Expansion of a hematoma
may lead to neurologic deterioration requiring emergent sur-
gical evacuation to decrease morbidity. Intracerebral bleeding,
usually requiring great force, is less common in children, but
its presence portends a poor prognosis [83].

Children older than three years of age with severe head
injury have better outcomes than adults with similar injury [5].
Hypotension from isolated head injury is unusual, but can occur
in infants with open cranial sutures and fontanelles. A gradual
increase in ICP is compensated by expansion of the cranium;
however, rapid increase in intracranial volume is poorly tol-
erated. Normal ICP varies with age (Table 24.14) [86] and
increases more rapidly in children than in adults. The level
of consciousness in a child with head injury can deteriorate
quickly, so frequent reassessment is recommended. Isolated
trauma to the brain does not usually lead to hypotension. If
the brain-injured child is hypotensive, look for other injuries.

Goals of the anesthesiologist caring for the child with head
injury perioperatively are to support vital functions, ensure ade-
quate oxygenation and ventilation, minimize cerebral edema,
and prevent further brain injury from increased ICP, or from
hypoxemia, hypercarbia, acidosis, and hypotension. Special
care must also be given to prevent further damage from poten-
tially coexistent cervical spine injury. Adequate intravascular
volume and cerebral perfusion pressure (CPP) should be main-
tained. Cerebral perfusion pressure depends primarily on mean
arterial pressure [CPP = MAP – (CVP or ICP)]. Mean arte-
rial pressure (MAP) should be at least 50 mmHg in infants
and at least 60–70 mmHg in children to maintain adequate
cerebral perfusion [87]. Hypotension has been shown to signif-
icantly increase morbidity and mortality in children with head
injury [88]. Judicious use of intravascular fluid replacement is
necessary to avoid overhydration with the potential to promote
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cerebral edema. Hypercapnia results in cerebral vasodilation
with subsequent increase in ICP and impairment of cerebral
oxygen transport, and so should be avoided. Maintenance of
normocapnia, PaCO2 of 35–40 mmHg, is recommended to
ensure adequate oxygenation (PaO2 100 mmHg at FiO2 of 40%)
[89]. Mild or prophylactic hyperventilation (PaO2 <35 mmHg)
is not necessary in the absence of increased ICP. In fact, the vaso-
constrictive effects of hyperventilation decrease cerebral blood
flow and may actually exacerbate secondary brain injury [90].
Hyperventilation may actually be detrimental if the PaCO2 is
kept below 30 mmHg [1, 91]. However, hyperventilation during
the first 24 hours after severe traumatic brain injury may be a
necessary option briefly during acute neurologic deterioration
or for longer periods of refractory increased ICP [92]. Mannitol
(0.25–1.0 g/kg) given intermittently has been used effectively
to help decrease brain swelling in a euvolemic brain-injured
patient. Serum osmolarity should be maintained below 320
mOsm/L to minimize the occurrence of acute tubular necrosis
and renal failure [93]. Mannitol reduces blood viscosity result-
ing in reflex vasoconstriction in the presence of intact cerebral
blood flow (CBF) autoregulation. It rapidly reduces ICP but
the effect is transient, lasting less than approximately 75 min-
utes [93]. Mannitol has a slow osmotic effect lasting up to six
hours and its safe use depends on an intact blood–brain bar-
rier to prevent cerebral edema [93]. There are reports on the
efficacy of hypertonic saline (3% saline) to control ICP after
severe pediatric traumatic brain injury but clinical experience
is limited [94]. Anticonvulsants, such as phenytoin, may be
administered prophylactically to reduce the incidence of early
(first week) posttraumatic seizures with concomitant increase
in ICP in young pediatric patients and infants [94]. Corticos-
teroids have not proved to be generally beneficial in pediatric
head trauma, so routine steroid use in not currently indicated.
A child with increased ICP or brain swelling may need an ICP
monitor or a ventriculostomy catheter device that also allows
therapeutic drainage of cerebrospinal fluid. Other strategies to
maintain normal ICP include cerebrospinal fluid drainage and
use of sedatives and barbiturates to decrease cerebral metabolic
requirements. For refractory intracranial hypertension, barbi-
turate coma and decompressive craniectomy might be neces-
sary.

Additional anesthetic concerns include (1) full stomach
with the risk of regurgitation and aspiration, (2) potential cervi-
cal injury requiring cervical spine precautions that make endo-
tracheal intubation more difficult, and (3) elevated ICP. One of
the main goals during induction is to minimize or prevent severe
increases in ICP that may result in secondary brain injury from
cerebral ischemia. Preoperative sedation may be minimized or
avoided to lower the risk for respiratory depression, hypoxia,
and hypercarbia. Appropriate monitors include blood pressure
(noninvasive or arterial catheter), ECG, pulse oximeter, stetho-
scope (precordial or esophageal), capnogram, temperature, and
a nerve stimulator. If the child’s head is above the heart intra-
operatively, then the arterial line transducer should be zeroed
at the level of the external auditory meatus to assess the cere-
bral perfusion pressure more accurately. Adequate intravenous
access and blood products should always be available in antic-
ipation of possible sudden and severe hemodynamic changes.
Induction should include a smooth, modified rapid sequence
IV induction and intubation with cricoid pressure and in-line
stabilization of the head and neck. Drugs that provide hemo-

Table 24.15: Effects of Anesthetic Drugs

CMRO2 CBF ICP

Thiopental ↓↓ ↓↓ ↓↓
Propofol ↓↓ ↓↓ ↓↓
Etomidate ↓ ↓ ↓
Ketamine ↔ ↑ ↑↑ (?)

Opioids ↓ or ↔ ↔ ↔
Benzodiazepines ↓↓ ↓ ↓
Halothane ↓ ↑↑ ↑
Isoflurane ↓↓ ↑ ↑
Sevoflurane ↓↓ ↑ ↑
Desflurane ↓↓ ↑ ↑
N2O ↑ ↑ or ↔ ↑

↑, increased, ↓, decreased, ↔, unchanged
CMRO2, cerebral metabolic oxygen requirements; CBF, cerebral blood flow;
ICP, intracranial pressure.

dynamic stability should be chosen for induction and muscle
relaxation.Most commonly used intravenous induction agents,
except ketamine, lower ICP by decreasing cerebral blood flow
and cerebral metabolism. There are conflicting reports on the
effects of ketamine on cerebral hemodynamics (Table 24.15).
It has been shown to increase, decrease, or not change in ICP
[95]. Thiopental (4–6 mg/kg IV) may be the induction agent of
choice with the advantages of painless injection and anticon-
vulsant properties. Thiopental causes dose-dependent decrease
in CBF, cerebral metabolic requirement for oxygen (CMRO2),
and ICP. It has a direct myocardial depressant effect resulting
in decrease in cardiac contractility and systemic blood pressure
leading to reduction in CPP. In hypovolemic patients, these
effects may be detrimental. Propofol decreases systemic vas-
cular resistance and preload causing a significant decrease in
MAP. Therefore, thiopental and propofol should be used with
caution in hemodynamically unstable trauma patients. Etomi-
date is a good alternative agent that provides cardiovascular
stability with less direct myocardial depressant effect. It may be
the induction agent of choice for hemodynamically unstable
patients because of its minimal effect on blood pressure with
maintenance of MAP and CPP. Other maneuvers that may help
decrease ICP include elevating the head 30 degrees higher than
the body and keeping the head in the midline position to opti-
mize cerebral venous drainage while maintaining CPP. Lido-
caine, 1.5–2.0 mg/kg, administered intravenously 90 seconds
before intubation, and fentanyl (1–3 µg/kg IV) may help blunt
the hemodynamic response associated with direct laryngoscopy
and, therefore, minimize increases in ICP. Hypoxia, hypercar-
bia, and acidosis may exacerbate intracranial hypertension, so
induction and endotracheal intubation should be performed
smoothly and efficiently. Its rapid onset and offset make suc-
cinylcholine (1.5–2 mg/kg IV) an ideal muscle relaxant for
rapid sequence induction and intubation. Relatively large doses
of rocuronium (1.2 mg/kg IV) will provide good intubating
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conditions with onset time approaching that of succinylcholine.
Use of muscle relaxants helps minimize coughing, straining,
and physical movements that may increase ICP.

Anesthesia may be maintained with inhalational anesthetic
agents, supplemented with narcotics, such as fentanyl. Regional
CMRO2 is tightly coupled with CBF such that CBF increases
with increased CMRO2. All inhalational anesthetics are cerebral
vasodilators and produce a dose-dependent increase in CBF
and ICP. However, these inhalational agents decrease CMRO2.
Isoflurane produces small increases in CBF that can be pre-
vented by passive hyperventilation [96], and reduces CMRO2

to a greater degree than halothane because of its direct effect that
decreases cortical electrical activity [97]. Thus, it has been sug-
gested that isoflurane is relatively more neuroprotective while
maintaining and providing cardiovascular stability. Nitrous
oxide increases both CBF and CMRO2 and is perhaps best
avoided. Intravenous anesthetic agents generally reduce or do
not change CBF and ICP. Fentanyl, by intravenous boluses or
continuous infusion, is the opioid most commonly used to sup-
plement general anesthesia. It has the advantage of providing
hemodynamic stability with minimal or no effect on ICP. Slow
IV administration is recommended to minimize the occurrence
of bradycardia, especially in neonates whose cardiac output
is normally relatively more heart rate dependent than is that
of older infants and children. Maintaining the PaCO2 at nor-
mal to slightly low levels will prevent hypercarbia. Judicious
use of intravenous fluids and blood products is mandatory to
minimize cerebral edema that might compromise cerebral per-
fusion. Glucose-containing solutions are best avoided unless
hypoglycemia is an issue. Infants and children are susceptible
to heat loss, so fluids and blood products should be warmed to
help avoid the adverse effects of hypothermia. Because hyper-
thermia (>38◦C) also increases metabolic demand, cerebral
blood flow, and ICP that can worsen secondary brain injuries,
the goal should be to maintain mild hypothermia (35◦C–36◦C)
or normothermia.

A B D O M I N A L T R AU M A

Most pediatric abdominal injuries are due to blunt trauma
and commonly involve more than one organ. The presence
of multiple organ system injuries can make abdominal physical
examination difficult and unreliable. Abdominal injuries can
be potentially life-threatening if initially unrecognized, with
mortality rates as high as 8.5 percent [98].

Children are at greater risk for sustaining intraabdominal
organ injuries after blunt trauma because of their body habitus
and immature musculoskeletal systems [99]. Compared with
adults, children’s intraabdominal organs are proportionally
larger and are relatively closer together. Their abdominal wall
has thinner musculature, cushioned by less fat and connective
tissue, and their more compliant rib cage offers less protection to
the underlying organ structures from a traumatic impact. With
a given impact, a small child experiences more force per body
surface area unit than does an adult. So the child is more likely
to suffer significant multiple organ injury. The spleen is the
most frequently injured abdominal organ followed by the liver,
intestine, and pancreas (Table 24.16) [98, 99]. Intraabdomi-
nal hemorrhage is therefore most likely due to splenic injury.
Diagnosis of solid organ injuries can be supported by contrast-

Table 24.16: Frequency of Abdominal Organ Injuries [95]

Blunt (%) Penetrating (%)

Liver 15 22

Spleen 27 9

Pancreas 2 6

Kidney 27 9

Stomach 1 10

Duodenum 3 4

Small bowel 6 18

Colon 2 16

Others 17 6

enhanced CT in addition to frequent reevaluation and repeated
examination. Surgical repair of hepatic and splenic injuries can
be challenging. Surgical hemostasis may prove difficult and
massive blood loss and intraoperative hemodynamic instability
are possible. Unless the child is hemodynamically unstable, a
more conservative, non-operative approach may be preferable
in an attempt to preserve organ function. Because the spleen of
a child provides an important immunologic function against
some infections, and the relative risk of sepsis is increased in
postsplenectomy patients, splenectomy is rarely indicated in a
child. Children are less likely than adults to require surgical
intervention from splenic injury [100]. Obtaining serial hema-
tocrit and aggressive fluid and blood resuscitation play a crucial
part in the selective and conservative nonsurgical management
of these injuries.

Most blunt injuries involving the spleen and liver can be
managed non-operatively, if the child is hemodynamically sta-
ble and is under close supervision and monitoring. In con-
trast, injuries of the pancreas and intestine frequently require
surgical intervention [99]. Hemodynamic instability with dis-
tended abdomen is a main indication for emergent exploratory
laparotomy. Thus, the clinical status of the injured child dictates
the need for diagnostic imaging studies. Modern, high-quality
noninvasive diagnostic imaging may be used to provide com-
prehensive anatomic information on the nature and extent of
internal injuries.

Focused abdominal sonography for trauma (FAST) is a
cost-effective method of detecting intraperitoneal fluid in
hemodynamically unstable children [101]. However, it requires
a skilled and properly trained operator (see also Chapters 10
and 32). Many injured children present with intraabdominal
injuries with no more than minimal free fluid [99], so the diag-
nosis might be missed. Compared with CT, FAST is superior
for identifying blood in the peritoneum, but, for stable patients,
CT is superior for identifying intraabdominal injuries [99, 102].
Diagnostic peritoneal lavage (DPL) is an invasive procedure that
may detect the presence of hemoperitoneum, but it does not
help in identifying the source of abdominal bleeding and is
unable to detect a retroperitoneal bleed.

Improvement in noninvasive diagnostic modalities has led
to the selective nonsurgical approach to pediatric abdominal
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trauma. Conservative, non-operative management demands
careful observation, frequent repeated examination, and close
monitoring of vital signs in a pediatric intensive care setting
by pediatric trauma surgeons for at least 24 hours. Immedi-
ate access to the operating room for possible urgent surgical
exploration is a prerequisite in the event of deteriorating clini-
cal status, hemodynamic instability, developing peritonitis, and
transfusion requirements of more than 30–40 mL/kg. Adequate
intravenous access should be maintained at all times.

Posttraumatic paralytic ileus in children may be more likely
than in adults to compromise ventilation as the diaphragm is
pushed superiorly by distended abdominal viscera. This com-
plication may be alleviated by nasogastric decompression.

Retroperitoneal injuries are more difficult to evaluate and
can be misleading. Diagnosis may be delayed without overt signs
of peritoneal irritation. Penetrating abdominal wounds with
obvious abdominal pain, tenderness, and blood loss necessitate
surgical exploration.

A child with blunt abdominal trauma is more likely than
an adult to sustain renal injury. Surgical intervention may be
indicated for ongoing bleeding, or extravasation of urine or
contrast medium on CT scan.

Pancreatic and bowel injuries may occur with blunt or pen-
etrating abdominal trauma from seat belts or bicycle handle
bars. Frequent physical examination accompanied by radio-
logic imaging will aid in diagnosis and decision making regard-
ing surgical exploration.

Anesthetic considerations for an injured child with abdom-
inal trauma include gastric decompression to decrease potential
risk of pulmonary aspiration.

T H O R AC I C T R AU M A

A child is more likely to sustain blunt chest trauma than pen-
etrating injury. Falls and motor vehicle accidents are frequent
causes of trauma to the chest in young children, while penetrat-
ing injuries from stab wounds and gunshot wounds are more
commonly seen in adolescents older than 13 years [103]. A child
with penetrating injury to the chest is more likely to require sur-
gical exploration than is an adult (50% vs. 15%) [104].

Anatomic differences between children and adults lead to a
differences in chest injury profiles. The more compliant chest
wall with its cartilaginous and incompletely ossified ribs makes
a child more vulnerable to intrathoracic injuries without evi-
dence of rib or sternal fractures. It takes a greater force to frac-
ture the ribs of a child than those of an adult. The presence of
rib fractures in a child signifies massive impact transmitted to
the thorax and should alert caretakers to the increased likeli-
hood of severe injuries to the lungs, heart, and mediastinum.
The lung is the most frequently injured thoracic organ in a
child [105] and it is not unusual to find lung contusion with-
out rib fracture. Fracture of the first rib in a child should sug-
gest the possible presence of major vascular injury that may
require surgery. Frequent monitoring of arterial blood gases
will help detect early signs of pulmonary contusion, manifested
by worsening hypoxemia and hypercarbia, even before clinical
signs and radiologic changes are evident. Minimal pulmonary
contusion may resolve within a few days. Severe lung contu-
sion can cause respiratory compromise and acute respiratory
distress that may require endotracheal intubation for mechan-

ical ventilatory support with PEEP. Lung contusion may first
manifest intraoperatively with decreased pulmonary compli-
ance contributing to hypoxemia and respiratory acidosis.

Pneumothorax should be suspected when there is unilateral
decreased or absent breath sounds and hyperresonance, tachyp-
nea, hypotension, and contralateral tracheal and mediastinal
shift. Migration of an ETT into the right mainstem bronchus
may also present with absent breath sounds over the left chest.
Therefore, appropriate ETT depth should be reconfirmed to
avoid confusion. A small pneumothorax that may not be seen
in the initial chest x-ray may become clinically apparent after
initiation of mechanical ventilation in the operating room and
in association with the use of nitrous oxide. Because a child
has more mobile mediastinal structures than an adult, unrec-
ognized tension pneumothorax may be more likely to result
in life-threatening respiratory compromise and circulatory col-
lapse. Therefore, clinically significant pneumothorax should be
emergently decompressed by inserting a needle in the second
intercostal space in the midclavicular line until an indwelling
chest tube is placed. Hemothorax is most frequently a result
of penetrating chest injury. It produces dullness and unilat-
eral decreased or absent breath sounds. A large accumulation
of blood within the pleural cavity may compromise respira-
tory function and calls for prompt chest tube placement for
drainage of blood and lung reexpansion. Surgical intervention
is indicated when thoracic bleeding exceeds 30 mL/kg in 8 hours
or if the child is in hemorrhagic shock. The pediatric trauma
anesthesiologist should be aware that blood lost in the thoracic
cavity may be significant enough to cause hypovolemic shock
in a child.

Cardiac contusion may present with dysrhythmias and un-
explained hypotension. Monitoring includes continuous EKG
and blood pressure measurement. Echocardiography is indi-
cated for symptomatic patients with cardiovascular instabil-
ity. Management is mainly supportive. Cardiac tamponade is
caused by penetrating injury to the heart with resultant accu-
mulation of blood within the pericardium. It is characterized by
unexplained tachycardia and hypotension, muffled or distant
heart sounds, narrow pulse pressure, distended neck veins, and
jugular venous distension due to increased central venous pres-
sure. Emergency surgical drainage is the definitive treatment.

A child with thoracic injury may be taken to the operat-
ing room for a thoracic procedure or for surgical intervention
for other trauma-related organ injuries. It is important for the
anesthesiologist to be aware of thoracic injuries that may be ini-
tially unrecognized preoperatively and be prepared to respond
efficiently when these injuries suddenly manifest themselves
during surgery by causing hemodynamic instability and respi-
ratory compromise. Evaluating the severity of the injury and
the presence of other organ system injuries will help determine
anesthetic induction technique and airway management. Initia-
tion of mechanical ventilation and use of nitrous oxide intraop-
eratively may unmask a previously undetected pneumothorax,
or expand a small pneumothorax compromising oxygenation
and ventilation. Chest tubes should be placed for clinically sig-
nificant pneumothoraces before initiation of mechanical ven-
tilation. The effects of pulmonary contusion may manifest
during surgery with increasing oxygen requirement and peak
inspiratory pressures needed to maintain adequate arterial oxy-
genation. Peak inspiratory pressure should also be monitored
closely to help prevent breakdown of fresh surgical repairs.
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Table 24.17: Non-opioid Opioid Analgesics

Drug Dose (<60 kg) (mg/kg) Route and Interval Maximum Daily Dose

Acetaminophen 10–15 PO q 4 hr 90 mg · kg−1 · d−1 children
LD: 30–40 PR 75 mg · kg−1 · d−1 infant
MD: 20 PR q 4–6 hr or
30 PR q 8 hr

Ibuprofen 6–10 PO q 4–6 hr 40 mg · kg−1 · d−1

Naproxen 5–10 PO q 12 hr 20 mg · kg−1 · d−1

Ketorolac LD: 0.5–0.1 IV, IM 2 mg · kg−1 · d−1 or 120 mg/d
MD: 0.5 IM, IV q 6 hr 5 days only

PO, orally; IV, intravenously; PR, rectally; LD, loading dose; MD, maintenance dose; q, every; d, day.

In addition to standard routine monitors, arterial line place-
ment for accurate continuous blood pressure measurement and
frequent blood gas analysis is helpful. Adequate oxygenation
before and during induction of patients with chest injury is
crucial. A young infant has two to three times more oxygen
consumption per kilogram than an adult, and is more likely to
desaturate quickly with relatively mild airway obstruction or
during the short period of apnea that occurs during endotra-
cheal intubation. Maintenance of anesthesia may require the
use of up to 100 percent oxygen with volatile anesthetic agents
carefully titrated as tolerated, supplemented with narcotics and
a muscle relaxant. Postoperative mechanical ventilation in an
intensive care environment may be necessary depending on the
nature and severity of injury and repair.

B O N E I N J U R I E S

Occult bleeding that continues for hours after injury will have
greater consequences for a child than for an adult. Fractures of
the pelvis or long bones may be associated with loss of more
than 25 percent of a child’s circulating blood volume, leading
to hypotension and shock. A high index of suspicion is manda-
tory following routine evaluation. Diagnosis of occult bleeding
can be difficult, especially in a young child or an infant who is
not able to communicate verbally, and in the presence of other
injuries that alter mental status. Adequate intravenous access
that will allow aggressive fluid and blood resuscitation is impor-
tant. Warm all fluids and blood products before administration
and be prepared to diagnose and treat the adverse consequences
of massive blood transfusion.

AC U T E P O S T O P E R AT I V E
PA I N M A N AG E M E N T

Management of postoperative pain is a fundamental part of
the anesthetic care of an injured child (see also Chapters 34
and 35). Inadequate treatment of pain may lead to detrimental
physiologic and behavioral consequences [106]. Understanding
how the developmental changes occurring during childhood
affect the pharmacokinetics and pharmacodynamics of drugs is
essential to provide adequate analgesia while avoiding potential
medication overdose.

Assessment of pain and adequacy of treatment in a child
are challenging and dependent on the child’s age, ability to
understand and communicate, and her/his social development.
A child less than 3 years old or a critically injured child may not
be able to verbalize the presence or severity of pain. An older
child may understand and be able to communicate pain but may
deny or underreport pain because of fear. Different pain-rating
scales have been used for verbal children 7 years and older,
such as the visual analogue scale (VAS), the verbal numeric
rating scale (scale 0 for no pain to 10 for worst pain), and the
graphic rating scales (cartoon faces, Figure 24.8) [107]. For a
preverbal child, caretakers may use an objective rating system
that includes monitoring of vital signs (increased sympathetic
activity as a result of stress response to pain) and assessment of
behavior.

Nonopioid analgesics are used primarily for mild and mod-
erate pain (Table 24.17). Examples are acetaminophen and non-
steroidal anti-inflammatory drugs (NSAIDs). For both of these
agents, increasing doses above a “ceiling effect” will not pro-
vide more analgesia, but is more likely to lead to undesirable

0 
NO HURT

2 
HURTS 

LITTILE BIT

4 
HURTS 

LITTILE MORE

6 
HURTS 

EVEN MORE

10 
HURTS 
WORST

8 
HURTS 

WHOLE LOT

Figure 24.8. Faces pain rating scale. (Adapted from McCafferty M, Pasero C. Pain: Clinical Manual, St. Louis,
MO: Mosby Inc., 1999, p 67. Faces pain rating modified from Wong DL. Whaley and Wong’s Essential of Pediatric
Nursing, 5th edition. St. Louis, MO: Mosby Inc., 1997, pp 1215–6.)
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Table 24.18: Commonly Used Opioid Analgesics

Equianalgesic IV
Drugs Dose (mg/kg) Interval and Route

Codeine 0.5–1.0 q 4–6 hr PO

Hydrocodone 0.05–0.1 q 4 hr PO

Oxycodone 0.15 q 4 hr PO

Fentanyl 0.001 q 1–2 hr IV

Hydromorphone 0.015–0.02 q 3 hr IV

Meperidine 1 q 3–4 hr IV

Morphine 0.1 q 2–3 hr IV

PO, orally; IV, intravenously; q, every.

effects. Hence, these analgesics are used in combination with
an opioid (opioid-sparing effect). Acetaminophen is an anti-
pyretic with minimal anti-inflammatory properties. It inhibits
cyclooxygenase (COX) centrally [108], in contrast to other
NSAIDs that inhibit peripheral COX, preventing the formation
of prostaglandins and thromboxane. Thus, acetaminophen is
devoid of NSAID-related side effects, such as gastritis, alter-
ation in renal function, bleeding, and bronchospasm. Hepatic
necrosis with fulminant hepatic failure has been associated with
acetaminophen overdose [108]. Advantages of NSAIDs include
the absence of respiratory depression or sedation. Ketorolac is
the only parenteral NSAID available in the United States. It has
been reported to interfere with bone healing [109] and platelet
aggregation, and thus may be best avoided in patients at risk of
bleeding [110].

Opioids are commonly used to treat moderate to severe
pain. If given at equipotent doses, most opioids have simi-
lar analgesic and side-effect profiles. The response to treat-
ment of pain is characterized by patient-to-patient variability
and mandates careful titration to obtain the desired level of
analgesia while avoiding opioid-related serious complications.
Common side effects include bradycardia, nausea and vomit-
ing, sedation, respiratory depression, pruritus, urinary reten-
tion, ileus, and constipation. Commonly used opioids (Table
24.18) include codeine, oxycodone, hydrocodone, and mor-
phine. Careful monitoring is required when administering opi-
oids to neonates and infants who, due to pharmacokinetic dif-
ferences, are generally at increased risk for hypoventilation and
apnea.

Ketamine is another analgesic used for short painful pro-
cedures in children. Ketamine, 0.25–0.5 mg/kg IV, can provide
analgesia for 10 to 15 minutes; 1–2 mg/kg is for more painful
procedures such as closed reduction of a fractured or dislocated
bone or burn dressing changes.

Various strategies are available to manage pain postoper-
atively. As-needed (PRN) intermittent boluses of IV opioid
analgesics may be ineffective to control pain due to patient-to-
patient variability in analgesic requirements. Methods available
to manage breakthrough pain include the use of patient-cont-
rolled IV analgesia (IV PCA) (Table 24.19), continuous IV
opioid infusion, and continuous patient or parent-nurse-
controlled epidural analgesia. Patient-controlled analgesia

Table 24.19: Patient (Parent or Nurse) Controlled
Analgesia (PCA)

Lock-out
Bolus Rate Interval 1-hr Limit

Drugs (µg/kg) (boluses/hr) (min) (µg/kg)

Morphine 20 5 6–10 100

Hydromorphone 4 5 6–10 20

Fentanyl 0.5 5 6–8 2.5

(PCA) has been used for children older than 6 years of age
in treating moderate to severe pain. It has been shown to be
safe and effective with high satisfaction among patients, fam-
ilies, and nursing staff [111]. For children less than 6 years
old and critically injured patients with physical or cognitive
impairment, PCA by proxy (nurse- or parent-controlled) has
been used. PCA computer-driven infusion pumps are pro-
grammed to deliver intermittent doses of opioid when needed
(demand) with or without concurrent continuous infusion
(basal or “background”). Appropriate pumps allow setting of
drug dose, dosage interval (lockout interval), and maximum
number of doses per hour (1-hr limit). This method gives the
child a sense of satisfaction as a participant in her/his care by
allowing her/him some control in obtaining more pain relief
while reducing the risk of overdose.

Low dose continuous, background or basal, infusions of
opioids, is an option provided by the PCA pumps. However, its
use remains controversial because of the potential risk of over-
dose [112, 113]. Commonly used background infusion rates
are: morphine, 20–30 µg · kg−1 · hr−1; hydromorphone, 3–4
µg · kg−1 · hr−1; and fentanyl, 0.5 µg · kg−1 · hr−1.

Patients who are unable to use PCA due to young age, phys-
ical, or cognitive constraints may benefit from carefully moni-
tored continuous IV opioid infusions (Table 24.20) with addi-
tional bolus doses for breakthrough pain.

Regional anesthesia decreases anesthetic requirement if
used in combination with general anesthesia. It also may pro-
vide effective postoperative analgesia without the side effects
associated with systemic opioids. Contraindications to regional
blockade include parental refusal, coagulopathy, infection at the
intended site of the block, sepsis, and allergy to local anesthet-
ics. Proper patient selection, knowledge of the relevant anatomy,
and proficiency in the required technical skills and knowledge of
the local anesthetic pharmacology are important considerations
for the performance of regional analgesia and anesthesia. Local
infiltration of surgical site, caudal, lumbar, or thoracic epidu-
ral analgesia, and peripheral nerve blocks are useful adjuncts
to postoperative analgesia. Caudal epidural block is relatively
easy to perform in infants and young children and produces
reliable analgesia, reduces intraoperative opioid requirements,
and provides superior postoperative pain relief for surgeries
involving the lower extremities and lower abdomen. A caudal
epidural catheter can be inserted for the continuous infusion
of local anesthetic. The relative safety of performing regional
blocks in anesthetized children has been the subject of debate
and controversy. The consensus of pediatric anesthesiologists
appears to be that performing regional blocks in an immobile,
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Table 24.20: Continuous Opioid Infusion

Drugs Infusion Rate (µg · kg−1 · hr−1)

Morphine 25 for children
5–10 for infants 2–6 months old

Hydromorphone 3–5

Fentanyl 0.5

anesthetized child improves safety and success rate compared
with attempting the same block in an uncooperative, mov-
ing, awake child. The long record of safety in performing these
blocks in anesthetized children supports the continuing use of
this practice [105, 111, 112].

S U M M A RY

Trauma is the leading cause of long-term morbidity and death
in children. Effective management of injured children requires
coordinated, multidisciplinary expertise and a team approach
to improve outcome and survival. Prompt and systematic eval-
uation for identification, prioritization, and timely manage-
ment of fatal injuries is crucial. The primary survey focuses on
airway management, obtaining vascular access, resuscitation,
and prevention of secondary brain injury. The secondary sur-
vey includes a thorough head-to-toe evaluation, assessment for
neurologic disability, and diagnostic imaging studies. Knowl-
edge and understanding of the unique characteristics and needs
of traumatized children will help optimize their care, manage-
ment, and outcome.

M U LT I P L E C H O I C E Q U E S T I O N S

1. The leading cause of mortality and serious long-term mor-
bidity in the pediatric population is

a. Congenital anomalies
b. Infectious diseases
c. Trauma
d. Malignancy
e. Pulmonary diseases

2. The leading cause of traumatic death in children aged 1–19
years is

a. Motor vehicle accidents
b. Falls from heights
c. Thermal injury
d. Homicide
e. Gunshot wounds

3. In suspected C-spine injury in an infant, a more neutral,
straight head and neck position should be achieved in the
supine infant by

a. Placing a blanket or pad under the torso
b. Placing a blanket or pad under the neck

c. Gently extending the head on the neck
d. Gently flexing the head on the neck
e. Placing a blanket or pad under the head

4. During intubation of an infant, the endotracheal tube seems
to hang up at the level of the glottis. The best method to use
next to intubate this infant is to

a. Insert a stylet in the tube and apply firm forward pres-
sure

b. Withdraw the tube and try again
c. Apply cricoid pressure
d. Extend the head on the neck
e. Rotate the tube longitudinally

5. The most appropriate cuffed oral endotracheal tube for a
normal 4-year-old child is size

a. 3.0
b. 3.5
c. 4.0
d. 4.5
e. 5.0

6. The best maneuver to improve upper airway patency in an
injured, semiconscious child is

a. Perform a chin lift
b. Flex the head on the neck
c. Perform a two-handed jaw thrust
d. Insert an oral airway
e. Insert a nasal airway

7. If percutaneous venous access cannot be obtained after two
minutes and several attempts in an injured, hypovolemic
toddler, the next route to be attempted should be

a. Intraosseous in an unfractured tibia
b. Percutaneous in an untried peripheral site
c. Saphenous vein cutdown on the uninjured leg
d. Subclavian percutaneous
e. Internal jugular vein percutaneous

8. Hypothermia in an injured child is most effectively pre-
vented by using

a. Warm blankets to cover all exposed areas
b. Appropriately directed overhead heat lamps
c. A pediatric warming mattress
d. Warm intravenous fluids
e. Forced-air convective heating blankets

9. For the hypotensive, hypovolemic, severely injured child
who needs urgent surgery to control hemorrhage, the best
anesthetic induction agent is

a. Etomidate
b. Ketamine
c. Methohexital
d. Propofol
e. Thiopental
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10. The preferred crystalloid for initial volume replacement in
the hypovolemic pediatric trauma patient is

a. Lactated Ringer’s
b. Hetastarch
c. Hextend
d. Normal saline
e. Packed red blood cells

11. According to the “4-2-1 Rule,” hourly maintenance fluid
requirement of a 22-kg 5-year-old boy is (mL)

a. 40
b. 52
c. 60
d. 62
e. 82

12. Compared with an adult, an infant or young child injured
in a motor vehicle accident is more likely to sustain injury
to her/his

a. Head
b. Extremities
c. Chest
d. Abdomen
e. Pelvis

13. Appropriate management of the child with head trauma
includes all of the following except:

a. Maintenance of normal or higher mean arterial pressure
b. Hyperventilation to keep PaCO2 less than 30 mmHg for

up to first 72 hours postinjury
c. Mannitol to decrease brain swelling
d. Phenytoin to prevent seizures with concomitant increase

in intracranial pressure
e. Cerebral spinal fluid drainage if necessary to lower intra-

cranial pressure

A N S W E R S

1. c
2. a
3. a
4. e
5. d

6. c
7. a
8. e
9. b

10. a
11. d
12. a
13. b
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T R AU M A I N T H E E L D E R LY

Jeffrey H. Silverstein

Objectives
1. Understand the basic physiology of aging.
2. Utilize current concepts of elderly trauma outcomes to support triage decisions.
3. Apply knowledge of those aspects of aging required to design and execute an anesthetic plan

for an elderly trauma victim.

When an elderly patient enters the trauma room, what is your
first thought? Do you rush to be more aggressive because elderly
patients are more fragile and need more immediate and inten-
sive trauma care? Do you question whether the resources and
effort necessary to treat such a patient are likely to provide ben-
efit to the patient or society because the functional outcome
for such patients is so poor? This chapter seeks to summarize
the current knowledge regarding the best approach to elderly
trauma victims.

Life expectancy in the United States continues to rise. Per-
sons reaching the age of 65 years have an average life expectancy
of an additional 18.1 years (19.4 years for females and 16
years for males) [1]. The retiring baby boomer population is
more active than previous generations of elderly, many driving
into their 90s and pursuing a variety of activities that increase
their exposure to traumatic injury. Unintentional injury is the
sixth leading cause of death among patients 65–74 years of
age. This and other information can be accessed from the
Web-based Injury Statistics Query and Reporting System sup-
ported by the Centers for Disease Control and Prevention
(http://www.cdc.gov/ncipc/wisqars/)

Aging is an inevitable consequence of life that is associated
with specific changes that can be defined as aging or senescence
and other nonspecific alterations that, while more prevalent
in the aged, are more appropriately referred to as age-related
disease. It is useful for the clinician to distinguish normative
aging, which is a statistical approach to defining aging in the
population as a whole, and successful aging, which describes
those individuals who have survived to advanced age with rela-
tively little impairment [2]. In general, this chapter approaches
aging as a normative concept, seeking to clarify where aspects
of aging alter or inform the approach to trauma management.

A key concept in the assessment and management of the elderly
patient is that tremendous variability marks the aging process.
It may sound like a truism that the trauma physician must assess
each patient individually. This approach should be informed by
the observation that all 25-year-old patients are more similar
than all 70-year-old patients. Chronologic age is a predictor
of physical status in the population, but can be misleading in
an individual patient. To this end, one of the earliest clinical
assessments that should be made for an elderly trauma victim
is some determination of the patient’s status before the trauma
occurred.

This chapter will develop an approach to the elderly trauma
patient from two perspectives. The first views aging as a compos-
ite of key physiologic changes that are of interest to the practic-
ing anesthesiologist. In this section we will discuss maintenance
of perfusion, in which the interrelated alterations in autonomic
function, cardiac and pulmonary physiology, and the response
to fluid therapy combine to affect the responses one might
expect to see in a trauma or operating room environment. We
will briefly discuss some of the issues associated with central
nervous system (CNS) aging and perioperative care and finally
review the anesthetic pharmacology of the aged. Although the
information presented is rarely derived from studies of geriatric
trauma patients, our general understanding of aging physiol-
ogy is fairly sophisticated, providing a reasonable basis for the
trauma clinician to extrapolate from the available information
to the specific clinical problem at hand. In the subsequent sec-
tion, the trauma-specific information that subtends our cur-
rent understanding of triage decisions and specific management
paradigms will be discussed. This section presents data on mul-
tisystem trauma in geriatric patients separately from data on the
most common form of geriatric trauma, fracture of the hip.

3 9 1
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Table 25.1: Alterations in Cardiac Physiology, as Compared with Young Patients

Parameter Elderly at Rest Exercising Elderly

Heart rate No change or slight decrease Limited ability to increase

Systolic blood pressure Increased Significant increase

Diastolic blood pressure No change or minor increase Slightly greater increase

Cardiac output No change Slightly less increase

Ejection fraction No change Less increase

Stroke volume No change or slight increase Greater increase

T H E P H Y S I O L O G Y O F AG I N G

One of the areas of senescent physiology with an extensive base
of information is cardiac aging. The depth and breadth of avail-
able information is beyond the scope of this chapter. For the
trauma clinician, the chapter provides a systematic review of
those aspects of cardiovascular aging that affect the capacity of
the body to maintain appropriate perfusion of vital organs.

Senescence of the Autonomic Nervous System

The autonomic nervous system is the principal system charged
with the maintenance of general homeostasis, particularly arte-
rial blood pressure and perfusion. Cardiac output, blood pres-
sure, and the regional distribution of cardiac output are pri-
marily controlled by postganglionic sympathetic neurons. The
sympathetic nervous system also contributes to the regula-
tion of temperature control and energy metabolism through
epinephrine release from the adrenal medulla. Whole-body
sympathetic activity increases with age (see review by Seals
and Esler [3]). Circulating levels of norepinephrine slowly
increase about 10 percent to 15 percent per decade. The
heart, skeletal muscle, and the gastrointestinal tract manifest
an increase in sympathetic activity, but the kidneys are not
clearly affected. Postganglionic activity is increased; however,
tonic levels of epinephrine are unchanged due to the combina-
tion of decreased excretion and decreased clearance. Although
the baseline level of the autonomic nervous system appears ele-
vated, the elderly are not clearly hyperresponsive to stress.

α1-Adrenergic function appears to be preserved in aging
while α2-mediated responses appear to be decreased [4, 5].
Even though autonomic activity appears increased, the cardio-
vascular behavior of the elderly, a slightly lower resting heart
rate and limited ability to increase cardiac output, is similar to
that noted in patients receiving β-adrenergic antagonists [6].
β-Adrenergic agonist binding affinity is significantly decreased
with aging in rat myocardium. Affinity for β-adrenergic antag-
onists, however, is not altered with age. β-Adrenergic receptor
density does not decrease in myocardium or other tissues [7].
Although the details of recent advances in adrenergic receptor
pharmacology are beyond the scope of this chapter, it is likely
that almost everything we know regarding aging in receptor-
based systems will require additional research as our under-
standing of basic physiology improves.

Cardiovascular Aging and Physiology

Relatively few prospective evaluations of the hemodynamic
response of elderly patients to trauma or under anesthesia have
been published. Therefore, much of the basis for a physiologic
approach to the elderly trauma patient is extrapolated from the
exercise literature. This may not be an unreasonable extrapo-
lation. In the absence of significant disease, a healthy elderly
patient manifests a slightly altered physiologic state of nor-
mal perfusion, as outlined in Table 25.1. Resting heart rate
is stable or declines slightly. Systolic blood pressure increases
but diastolic does not. On average, cardiac output is main-
tained with perhaps a slight increase in stroke volume. The
aerobic capacity of healthy adults decreases with age (see Fig-
ure 25.1) [8]. This change is not constant, with acceleration
noted in each decade, particularly in men, and without appar-
ent influence by physical activity. Observations of the elderly
in the operating room do not contradict the idea that the
capacity to increase cardiac output is limited in comparison
with younger patients. This is generally associated with less
capacity to increase heart rate. This limitation is rarely encoun-
tered in the operating room as current management paradigms
typically emphasize lower heart rates to avoid myocardial
ischemia.

The interplay between cardiovascular senescence and car-
diovascular disease is complicated. An extensive review was
provided by Lakatta and Levy [9–11]. Nonetheless, a relatively
basic understanding of the structural alterations to the vessels
and heart that accompany even successful aging can assist in
the development of a clinical approach to an elderly trauma
victim. Aging is associated with a decrease in connective tissue
compliance and distensibility, primarily due to increasing cross-
bridging between collagen and elastin filaments. The arteries,
most prominently the aorta, become increasingly stiff and non-
compliant in response to years of expanding and contracting
with each systolic ejection. Stiffening, widening, and elongation
of the aorta is often noted in chest radiographs of the elderly.
The hemodynamically important result is that stiffening of the
vascular tree results in a higher peak systolic pressure in the left
ventricle, that is, there is a considerable increase in afterload.
In addition, each pulse wave travels through the stiffer vascu-
lar tree and is reflected back toward the heart earlier and more
strongly than in a young patient. Pulse wave velocity increases
two- to threefold with aging. In the elderly this component is
appended to the end-systolic afterload, as opposed to young
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Figure 25.1. O2, oxygen; VO2, oxygen consumption. (Reproduced from
Fleg et al. Circulation 2005;112(5):674 [8], with permission.) Longitu-
dinal changes in maximal heart rate, O2 pulse, and peak VO2 by sex
predicted from mixed effects model. A, Declines in heart rate are similar
across age in men but steepen modestly with age in women. B, O2 pulse
declines progressively more steeply with age. C, The longitudinal percent
change per decade in maximal heart rate is only 4% to 5% per decade
across the age span in both genders. In contrast, longitudinal decline in
the O2 pulse accelerates progressively with age.

cardiovascular systems where the reflected pulse wave tends to
arrive after systole and thus not contribute to afterload. Mea-
surement of blood pressure in the arm, either by noninvasive
cuff or arterial catheter, underestimates the systolic pressure
present in the aortic root. The reflected pulse wave is an impor-
tant component to chronic increase in afterload experienced by
the elderly heart [6].

Inc Syst and pulse
pressure

LV Hypertrophy Prolonged Contraction

Inc Aortic Imp
& LV Loading

Inc pulse wave velocity
Early reflected wave
Late peak Systolic P

Inc Aortic Root Size
Inc wall thickness

Arterial Stiffening

Figure 25.2. Cardiac adaptation to arterial stiffening in older men. Inc,
increased; LV, left ventricle; syst, systolic; Imp, impedance; P, pressure.
(Modified from The Merck Manual of Geriatrics, 2nd Edition, p. 433,
edited by William B. Abrams, Mark H. Beers, and Robert Berkow. Copy-
right 1995 by Merck & Co., Inc., Whitehouse Station, NJ.)

The principal clinically relevant consequences of age-
related alteration in aortic-arterial stiffness, in the absence of
disease states and severe deconditioning, are concentric left ven-
tricular hypertrophy and a substantial decline in diastolic com-
pliance (see Figure 25.2). Unlike most other organs, the heart
does not decrease in size with age. General cellular hypertro-
phy as well as a marked increase in connective tissue are the
main causes of hypertrophy. By echocardiography, a 30 per-
cent increase in left ventricular thickness has been described,
primarily at the intraventricular septum.

Diastolic dysfunction, in essence the presence of heart fail-
ure with a normal ejection fraction, has been studied exten-
sively. A review of diastolic dysfunction was published by Kitz-
man and Daniel [12]. There is a 50 percent decline in early
diastolic ventricular filling in the aged. The importance of atrial
contraction to ventricular filling increases from 10 percent to
30 percent in elderly subjects. Diastolic dysfunction appears to
be primarily related to systolic hypertension and is found more
in elderly females than in elderly males. Altered diastolic relax-
ation results in increased left ventricular end-diastolic pressure,
both at rest and during exercise. Exercise intolerance is present
as commonly and as severely in diastolic as in systolic heart fail-
ure. Severe exercise intolerance is associated with an inability
to increase stroke volume by way of the Frank–Starling mecha-
nism despite severely increased left ventricular filling pressures.
At any given stroke volume, higher pressures are generated. The
Frank–Starling relationships are only relevant within the range
of normal ventricular compliance. Factors that decrease ven-
tricular preload, particularly a loss of effective atrial systole, can
significantly alter cardiac output. All of the described potential
alterations have to be considered with the understanding that
cardiac output is essentially maintained in subjects who are
carefully screened for occult disease.

Maximum aerobic capacity decreases with age. Individual
conditioning and the presence of even occult coronary artery
disease play important limiting roles. Lakatta has argued that
the decline in oxygen consumption (VO2 max) is not entirely
due to the alterations in the central circulation [6, 7]. Age-
related alterations in oxidation capacity per unit muscle, ability
to shunt blood to exercising muscles, and/or muscle mass could
also play a role.

A number of major studies indicate a significant and
increasing prevalence of coronary artery disease in elderly
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patients. Thus, although pure age-related alterations in the car-
diovascular system have been well described, the majority of
elderly trauma patients in Western countries will have signifi-
cant disease loads. Underlying disease combines with aging to
increase risk from trauma.

Pulmonary Aging and Pathology

The elderly have a greater predisposition to pulmonary com-
plications in the perioperative period that may be the primary
cause of morbidity and mortality, rather than cardiac pathol-
ogy [13]. The primary age-related alterations are: (1) decreased
strength of the respiratory muscles, (2) progressive (20–30%)
loss of alveolar surface area, (3) impaired nervous control of the
ventilation, and (4) a reduction of the elastic recoil of lung tis-
sue combined with stiffening of the chest wall [14]. The direct
consequences of the reduced alveolar surface are a decreased
oxygen-diffusing capacity and a slightly increased alveolar dead
space. From youth to age 80, maximal diffusing capacity can
decrease up to 50 percent.

Old people must generate more power to attain neces-
sary transpulmonary pressure for effective ventilation. The
chest wall becomes stiffer and less compliant while the lung
parenchyma loses elastic recoil and becomes more compli-
ant. The chest becomes more barrel shaped with a flattened
diaphragm. The new equilibrium of the opposing thoracic and
pulmonary forces increases the interpleural pressure by 2–4 cm
H2O. The diaphragmatic efficacy is also impaired by a signifi-
cant age-related loss of motor neurons. The work of breathing
at rest is unchanged with age, but the work of breathing asso-
ciated with vigorous exercise may exceed a 30 percent increase
over a younger patient [14].

A dangerous predisposition to hypoxemia exists in the peri-
operative period for elderly trauma patients. Carbon diox-
ide elimination is unchanged with age, but arterial oxygena-
tion is progressively impaired [15]. Arterial oxygen tension
falls approximately 5 mmHg per decade from twenty years of
age. This is primarily due to an increased ventilation/perfusion
maldistribution with shunt- and dead-space-like effects rather
than decreased diffusing capacity. Alterations in hypocapnic
bronchoconstriction and hypoxic pulmonary vasoconstriction
may also contribute to the age-related ventilation/perfusion
maldistribution. The magnitude of shunting can be markedly
increased by atelectasis following induction of anesthesia, which
occurs in greater than 80 percent of elderly patients. Positive
end-expiratory pressure has a limited impact on atelectasis as
the elastic recoil curves of atelectatic and nonatelectatic lung
units can be quite different. Prolonged high-volume recruit-
ment maneuvers followed by positive end-expiratory pressure
may be effective. An increased tendency for upper airway col-
lapse, decreased tonic activity of the upper airway muscles
(pharyngeal collapse), and decreased ventilatory response to
both hypercapnia and hypoxia are present in the elderly. Both
hypercapnic and hypoxemic respiratory drives are decreased to
a greater degree in older people by both sedative drugs and pain
medications. Finally, the elderly frequently manifest a decrease
in upper airway protective reflexes, which increases the risk of
aspiration.

In managing an elderly trauma victim, tracheal intubation
should be undertaken early if considered. That is, if you are
considering whether the trachea should be intubated, it proba-

bly should be because, with limited respiratory reserve, such a
patient will progress to respiratory arrest more rapidly than
a younger patient. Denitrogenation (preoxygenation) takes
longer in the elderly, but if time is available, full denitrogena-
tion provides an important safety cushion. Tracheal intubation
is usually no more difficult than in younger patients. Attention
should be paid to maneuvers designed to decrease atelectasis
during prolonged operations.

There are no specific recommendations for emergence and
extubation of elderly trauma patients. Standard extubation
parameters apply. Practitioners should evaluate the potential
work of breathing and extubate the trachea as soon as the patient
appears capable of maintaining such an effort.

Renal Function

Renal function and, therefore, fluid and electrolyte balance are
altered with aging; however, assessment of fluid status is not
easy. The loss of elasticity and thinning of the dermis makes
skin always appear dehydrated in many patients, so skin turgor
is difficult to interpret. A lack of thirst does not correlate with
normal hydration status. As the possibility of inappropriately
dilute urine exists in the elderly, even urine output must be
evaluated with a degree of suspicion. Estimating equations for
glomerular filtration rate allow the practitioner to develop an
expectation of how quickly administered fluid and medications
may be excreted. However, these equations are not often accu-
rate for a given patient. Although an actual measurement of
glomerular filtration rate is preferable, this is rarely applicable
until the postoperative period [16]. Medications that require
careful control of plasma levels should be managed with la-
boratory measurement of blood concentrations. In summary,
the elderly response to disruption of fluid homeostasis and
the current understanding of cardiovascular aging indicate that
the therapeutic window for intravenous fluid is markedly nar-
rowed.

CNS Aging and Dysfunction

The elderly brain does not significantly deteriorate in the
absence of disease, although age-related central nervous sys-
tem disease is common. Neurons represent a high-turnover cell
type with active new cell formation present in many areas of
the brain. For patients with preexisting dementia or previous
stroke, there is little in the way of coherent evidence to recom-
mend a specific approach to trauma anesthesia. Maintaining
cerebral perfusion is an important goal in both elective and
trauma circumstances and, to date, does not require a unique
plan for the geriatric patient.

There are CNS complications that are common in the peri-
operative period for elderly patients that can have an impor-
tant influence on the long-term outcome of the trauma victim.
A recent review of CNS dysfunction in the elderly discusses
postoperative delirium and postoperative cognitive dysfunc-
tion [17]. Delirium is a disorder defined by specific behaviors,
the primary features of which are (1) a change in mental sta-
tus, characterized by a prominent disturbance of attention and
reduced clarity of awareness of the environment; and (2) an
acute onset, developing within hours to days and tending to
fluctuate during the course of the day. Elderly patients should be
screened for delirium both pre- and postoperatively. Delirium
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is clinically diagnosed by applying the Confusion Assessment
Method [18]. The Confusion Assessment Method-ICU is avail-
able for patients who are tracheally intubated [19]. The devel-
opment of delirium is associated with increased length of stay,
increased hospital costs, increased morbidity and mortality,
and perhaps with long-term cognitive problems [17]. Exten-
sive work has been done on the prevention of delirium in
patients with hip fracture (see the forthcoming section), but rel-
atively little work has been done on elderly multisystem trauma
patients.

Postoperative cognitive dysfunction occurs in a significant
number of patients following elective surgery [17]. There are
definitely individuals who have lost some level of function or
had a personality change following surgery, particularly cardiac
surgery. Making a determination for a specific patient requires
a reliable baseline test from before surgery (or trauma). There-
fore, in a practical sense, postoperative cognitive dysfunction
is limited to findings from organized research studies. There is
a great deal of controversy regarding exactly how much dete-
rioration is clinically or epidemiologically significant and as to
what areas of cognitive function are most vulnerable. There are
no studies that support any intervention to decrease the inci-
dence of severity of postoperative cognitive dysfunction at the
current time. Thus, the trauma clinician can do little more than
be aware of this potential complication.

Pharmacologic Alterations

With few exceptions, elderly patients require less anesthetic
medications. However, sophisticated management of these
patients requires a more detailed understanding of the phys-
iologic alterations that underlie the altered requirements. Both
pharmacodynamic and pharmacokinetic changes are involved
in the altered impact of drugs on the elderly [20]. It is proba-
bly not reasonable to extrapolate from animal models and the
changes are unique for each drug, requiring individual studies
to determine the impact of aging [21]. Lean body mass decreases
with age as does total body water, while total body fat tends to
increase. Most drugs used by anesthesiologists are described
by multicompartment pharmacokinetic models. The combi-
nation of decreased total body water and redistributed cardiac
output tends to decrease the size of the central compartment,
potentially increasing peak concentrations even though steady-
state volume increases due to increased body fat. The impact of
hepatic aging varies from drug to drug. Both aging and anes-
thesia decrease liver blood flow, which probably has an impact
on, primarily, the maintenance doses of the anesthetic agent.
Renal blood flow is inversely correlated with age, and there is a
progressive decrease in the glomerular filtration rate with aging.
Aging alters serum proteins differentially: albumin concentra-
tions decrease with age while α-1-acid glycoprotein increases
with age. Depending on which protein primarily binds a drug,
the active free fraction will either increase or decrease. Receptor
sensitivity for specific drugs is highly variable with age. In sum,
a large number of highly variable changes have an impact on the
requirements for essentially all of the drugs used by anesthesi-
ologists. Any individual patient may or may not demonstrate
the changes that are experienced on average in this population
[20]. Table 25.2 provides a limited overview of the alterations
(or lack of alterations for some drugs) seen in elderly patients.
Various injuries and physical states associated with trauma may

additionally alter the need for anesthetic drugs. There is, how-
ever, little direct pharmacokinetic or pharmacodynamic work
that has been undertaken in elderly trauma victims.

T R AU M A C A R E F O R T H E E L D E R LY

Fracture of the upper femur is a common injury that is relatively
unique to the elderly population. Hip fractures are treated in
almost all hospitals, even hospitals that would not generally
accept trauma victims. Unlike multisystem trauma patients, in
which the level of stress is frequently significant, hip fractures
are frequently isolated injuries, so patients are treated with a
reduction and fixation of the fracture with subsequent rapid
transfer to geriatric and/or rehabilitation services. There is a
fairly extensive literature on care of the hip fracture patient
and comparatively little on major trauma in the same patients.
In this author’s opinion, the hip fracture literature does not
significantly illuminate the care of multisystem trauma victims.
Therefore, the following discussion presents the approach to the
hip fracture patient as a separate subset of geriatric trauma.

Hip Fracture Patients

Hip fractures are an important cause of mortality and func-
tional dependence in the United States. Approximately 350,000
hip fractures occur annually in this country and this number
is expected to increase to more than 650,000 by the year 2040
[22]. For adults over the age of 65 years, the annual incidence of
hip fracture is 818 per 100,000 persons, and women are two to
three times more likely to experience a fracture than men. The
mechanism of injury is almost always a fall. Extensive effort has
been exerted to design effective fall prevention strategies [23].

Patients presenting with a hip fracture should be assessed
with the knowledge of the potential changes associated with
physiologic senility, as described in the first section of this chap-
ter, as well as with an understanding of the patient’s comorbid
conditions. Most elderly take multiple drugs. Acquiring this his-
tory can be challenging but is important. The timing of opera-
tions remains a topic of discussion, with some studies reporting
relatively little consequence to delayed repair, while others argue
for urgent or emergent operation to minimize adverse effects
[24, 25]. In general, the literature does not support the need
to operate within 24 hours to prevent major morbidity and
mortality, but early surgery is associated with reduced pain and
length of stay. There is a tendency toward fewer major compli-
cations among patients medically stable at admission operated
on within 24 hours. Patients for whom surgery is delayed to
manage multiple comorbidities are at increased risk.

Preoperative traction to decrease pain and assist in reduc-
tion of the fracture is not effective [26]. Pain control remains, in
general, suboptimal for hip fracture patients. In a small trial in
Israel, hip fracture patients randomized to full epidural analge-
sia in the emergency department had improved pain control and
a significant reduction in cardiac events compared with patients
receiving standard parenteral opioids [27]. Exploration of the
use of regional nerve blocks (femoral nerve, 3 in 1, fascia ili-
aca) in the emergency department are promising and worthy
of further study. Pressure sores are a frequent and debilitat-
ing complication for the hip fracture patient, and worthy of
preventative efforts [28].
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Table 25.2: Age-Related Pharmacologic Changes of Drugs in Anesthesia Practice

Anesthetic/Drug Pharmacodynamics Pharmacokinetics Anesthetic Management

Inhalational
anesthetics

↑ Sensitivity of the brain
(↓ cerebral metabolic
rate)

Ventilation–perfusion mismatch
with slow rise of alveolar/inspired
ratio of inhaled gases; ↓ maximal
cardiac output; ↓ volume of
distribution

Minimum alveolar concentration (MAC) down 30%;
slower induction and emergence; delayed but more
profound onset of anesthesia

Hypnotics
Thiopental No change ↓ Central volume of distribution; ↓

intercompartmental clearance
Induction dose reduced by 15% (20-year-old patient:
2.5–5.0 mg/kg IV); 80-year-old patient: 2.1 mg/kg IV).
Maintenance dose: same requirements 60 min after
starting a continuation infusion. Emergence: slightly
faster

Propofol No change ↓ Central volume of distribution; ↓
intercompartmental clearance

Induction dose reduced by 20% (slower induction
requires lower doses) (20-year-old: 2.0–3.0 mg/kg IV;
80-year-old: 1.7 mg/kg IV). Maintenance dose: same
requirements 120 min after starting a continuous
infusion. Emergence: slightly faster (?)

Midazolam ↑ Sensitivity of the brain ↓ Clearance Sedation/induction dose reduced by 50%
(20-year-old: 0.07–0.15 mg/kg IV; 80-year-old:
0.02–0.03 mg/kg IV). Maintenance dose reduced by
25%. Recovery: delayed (hours)

Etomidate No change ↓ Central clearance; ↓ volume of
distribution

Induction dose reduced by 20% (20-year-old: 0.3
mg/kg IV; 80-year-old: 0.2 mg/kg IV). Emergence:
slightly faster (?)

Ketamine ? ? Use with caution: hallucinations, seizures, mental
disturbance, release of catecholamines; avoid in
combination with levodopa (tachycardia, arterial
hypertension)

Opioids
Fentanyl, alfentanil,
sufentanil

↑ Sensitivity of the brain No change Induction dose reduced by 50%. Maintenance doses
reduced by 30–50%. Emergence: may be delayed

Remifentanil ↑ Sensitivity of the brain ↓ Central volume of distribution; ↓
intercompartmental clearance

Induction dose reduced by 50%. Maintenance dose
reduced by 70%. Emergence: may be delayed

Muscle relaxants
Mivacurium
succinylcholine

No change ↓ Plasma cholinesterase; ↓ muscle
blood flow; ↓ cardiac output; ↓
intercompartmental clearance

↓ Onset time. ↓ Maintenance dose requirements.
Duration of action clinically indistinguishable from
mivacurium. Differences: no changes in initial dose,
prolonged block with metoclopramide

Pancuronium
doxacurium
pipecuronium
vecuronium
rocuronium

No change ↓ Muscle blood flow; ↓ cardiac
output; ↓ intercompartmental
clearance; ↓ clearance; (volume of
distribution)

↓ Onset time. ↓ Maintenance dose requirements. ↑
Duration of action. Recommended dose reduced by
20%.

Atracurium No change No change No change

Reversal agents
Neostigmine,
pyridostigmine

No change ↓ Clearance ↑ Duration of action; because muscle relaxants have a
markedly prolonged duration of action, larger doses of
reversal agents are needed in elderly patients

Edrophonium No change No change No change

Local anesthetics ↑ Sensitivity of the
nervous tissue (?)

↓ Hepatic microsomal metabolism
of amide local anesthetics
[lidocaine (lignocaine),
bupivacaine]; ↓ plasma protein
binding; ↑ cephalad spread

↓ Epidural (and spinal) dose requirements. Duration
of spinal and epidural anesthesia seems clinically
independent of age, toxicity (percent free drug)

Modified from Silverstein JH and Zaugg M. Chapter 69. Geriatrics Foundations of Anesthesia, 2nd edition. St. Louis, MO: Mosby, 2005.
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The choice of anesthesia, regional versus general, for hip
fracture has been a raging controversy for about 100 years. The
anesthesia literature has been nicely reviewed and summarized
recently by Gulur and colleagues [29]. A meta-analysis for the
Cochrane Database concluded that mortality at 1 month but
not at 3 months following anesthesia was decreased in patients
who had regional anesthesia [30]. However, even in this meta-
analysis, when the authors excluded the oldest trial in which the
general anesthesia patients had a very high mortality, one month
mortality was no longer different. There are reports that indi-
cate that blood loss and deep vein thrombosis are decreased with
regional anesthesia, but not of sufficient magnitude to influence
patient outcomes. Multiple investigators have hypothesized that
regional anesthesia would be associated with a decreased inci-
dence of delirium, but the results have been mixed. It should
be noted that recent nonanesthesia literature has uncritically
accepted questionable meta-analytic reports of the superiority
of regional anesthesia. Nonetheless, the current state of the art
appears to be that either general or regional anesthesia may
be safely employed for the patient with a fractured hip. Gulur
et al. specifically mentions current regimens for prophylaxis
against thromboembolism and the use of perioperative beta
blockade as potential reasons that the difference between anes-
thestic techniques has become less compelling as a determinant
of outcomes [29].

Modest hypovolemia is difficult to recognize in elderly
patients. Skin turgor, expression of thirst, and urine output may
all be misleading. Both diuretic use and reduced fluid intake
predispose older patients to chronic volume depletion, which
is exacerbated by hemorrhage, immobility, and starvation in
preparation for surgery. Unrecognized hypovolemia may lead
to poor tissue perfusion, and thus to covert suboptimal organ
function or overt organ failure. Fluid overload can be just as
detrimental as hypovolemia. The combination of a senescent
heart, in addition to a high prevalence of chronic heart failure,
chronic renal failure, and vascular disease in patents with hip
fractures suggests enhanced sensitivity to the effects of subop-
timal intravascular volume. If these patients are much more
sensitive to too much and too little intravenous volume, what
guidance is available to make an appropriate decision? Unfor-
tunately, fluid administration for hip fracture patients is sub-
ject to the same controversies associated with fluid adminis-
tration in both elective as well as multisystem trauma. In the
past few years, a steady stream of literature has been arguing,
in general, for less fluid administration than had been stan-
dard practice [31]. This argument, noting that fluid loading
for neuraxial blockade is ineffective, that limited quantities of
fluid accumulate in traumatized tissue, and that there is a lack
of evidence for a nonanatomical third space, is that “standard
fluid regimens” produce fluid overload and that limited fluid
administration should not be considered restricted, but rather
appropriate therapy, avoiding excess fluid. There are no recent
studies of patients with hip fractures that specifically consider
the role of colloid versus crystalloid, so the practitioner is forced
to extrapolate from a large but inconclusive experience with
primarily elective surgery that, for the most part, fails to show
any advantage for colloid solutions [32, 33]. The data to direct
transfusion practices are also limited. A few observational stud-
ies suggest that hip fracture patients with cardiovascular disease
might benefit from higher transfusion thresholds. However, one
well-designed and organized randomized clinical trial demon-

strated that a 7 g/dL threshold was at least as safe as, and may
be preferable to, a 10 g/dL threshold in critical care patients
[34, 35]. A large retrospective cohort of hip fracture patients
suggested that a transfusion trigger of hemoglobin less than
8 g/dL as opposed to 8–10 g/dL did not appear to influence
the risk of 30- or 90-day mortality in this elderly population
[34]. A subsequent analysis suggested that patients with higher
hemoglobin levels had superior functional outcomes [36]. A
large multicentered study is underway at the time of this writing
that should significantly improve our knowledge of transfusion
for hip fracture patients [37].

Esophageal Doppler and central venous pressure monitor-
ing has been evaluated in small studies of patients undergo-
ing general anesthesia [38]. Additional monitoring tended to
result in additional fluid administration and may convey some
short-term benefit in terms of length of hospital stays. There are
no current data suggesting improved functional outcomes for
patients who have a specific monitoring technique employed to
manage fluid balance following hip fractures. The potential for
these techniques to induce iatrogenic injury must be consid-
ered. A major limitation for the clinician is the absence of any
trials evaluating such strategies in patients receiving regional
anesthesia, which is favored by many clinicians. Based on the
current available data, it is not possible to recommend routine
use of invasive (central venous pressure) or specific noninva-
sive (esophageal Doppler or transesophageal echo) strategies in
patients undergoing surgery for an uncomplicated hip fracture.

Most clinicians would agree that postoperative care should
include quality analgesia. In one randomized study of epidu-
ral analgesia for hip fracture patients, documented superior
analgesia with improved patient satisfaction scores did result in
improved rehabilitation [39]. There is an extensive literature on
the value of organized care programs that include input from
orthopedic surgeons, anesthesiologists, geriatricians, nurses,
and rehabilitation specialists [40–42]. These programs have
generally provided excellent care but the documented improve-
ments have not generated sufficient interest to change standards
of care or, more specifically, to adjust the payment schedules to
make such programs viable on a long-term and widespread
basis. In caring for postoperative hip fracture patients, atten-
tion should be paid to the prevention of decubitus ulceration.
Certain decubitus wound protection strategies, such as foam
and alternating pressure mattresses, appear to be effective and
should be considered as part of the overall care plan [43]. The
development of delirium has been independently associated
with poor functional outcomes in hip fracture patients. A pro-
gram designed by Edward Marcantonio and colleagues that
included a proactive geriatric consultation has been effective
in decreasing the incidence of delirium by about one third in
hip fracture patients when compared with usual care [41]. The
administration of preoperative antibiotics and postoperative
prophylaxis for deep vein thrombosis are both strongly sup-
ported by randomized controlled trials [43].

Multisystem Trauma Patients

In 2001, the EAST Practice Management Guidelines Work
Group (EAST Workgroup) of the Eastern Association for
the Surgery of Trauma organized their Practice Management
Guideline for Geriatric Trauma [44]. Published in 2003, this
document has been summarized in the National Guideline
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Figure 25.3. A, Percent mortality by type of injury. For all types of injury, mortality increases significantly with age. GSW, gunshot wound; MVA,
motor vehicle accident (victim in the vehicle); STAB, stab wounds; PED, pedestrian accidents (victim outside of vehicle). (From Finelli FC, Jonsson
J, Champion HR et al. Case control study for major trauma in geriatric patients. J Trauma 1989;29:541–8, with permission.) B, Percent mortality by
Injury Severity Score (ISS). Even for ISS of 1–15 mortality increases after 54 years of age. (From Finelli FC, Jonsson J, Champion HR et al. Case control
study for major trauma in geriatric patients. J Trauma 1989;29:541–8, with permission.)

Clearinghouse (www.guideline.gov). The group reviewed the
literature up to 1999 with the intention of providing evidence-
based guidelines for trauma management of the elderly. Unfor-
tunately, their main conclusion, that there was insufficient
evidence to support a specific approach to these patients,
remains true today. Nonetheless, this publication represents
the most extensive effort to provide a common approach to
geriatric trauma patients to date and should be reviewed by all
clinicians caring for elderly trauma victims.

Given the physiology of aging, one might suspect that the
impact of trauma on the elderly is greater than on young trauma
victims. The Major Trauma Outcome Study found that mortal-
ity begins to rise sharply after 45 years of age, doubling at age 75
(see Figure 25.3) [45]. The effect was noted for all mechanisms
of injury and all injury severity scores, and has been supported
in subsequent reports [46–48]. However, the EAST Workgroup
cautions that, although age has some impact on mortality pro-
jections for a population of geriatric trauma patients, it is not
possible to support a specific age above which geriatric trauma
in-hospital mortality can be predicted. Perhaps of greater inter-
est, the literature supports the concept that, for those who do
survive trauma, the long-term outcomes in terms of function
are reasonably good. As many as 85 percent of survivors have
been found to be functioning independently at home at follow-
up intervals as long as six years postinjury [49–52]. Based on
this inability of age to predict early mortality and reasonable
long-term functional outcomes for geriatric trauma patients
surviving hospitalization, the EAST Workgroup concluded that
“advanced patient age should not be used as the sole criteria for

denying or limiting care in the geriatric trauma population.”
Preexisting illness has a major impact on trauma outcomes for
geriatric patients [46]. Unlike the experience reported for gen-
eral surgical patients [53], there is some suggestion that the
impact of coexisting conditions on trauma outcomes decreases
with increasing age [54].

There are a number of indicators that have been associ-
ated with adverse outcomes, which are useful to the clinician
attempting to maximize the use of limited resources. It is impor-
tant to realize that, for each finding, there is some level of
controversy and most data come from retrospectively analyzed
datasets. Nonetheless, these reports do provide some guidance
to the clinician in his or her thinking about specific patients. For
patients 65 years and over, presentation with a Trauma Score of
seven or less is associated with 100 percent mortality prior to
hospitalization, while less than 9 was associated with 100 per-
cent mortality during hospitalization [47]. Trauma Scores of 14
and less appear to justify triage of geriatric patients to intensive
care [55].

The EAST Workgroup concluded that there are insufficient
Class I and Class II data to generate standards regarding triage of
geriatric trauma patients. When an elderly patient is involved in
a traumatic event, age should not lower the threshold to triage
victims directly to trauma centers. While this has been inter-
preted to suggest a lower threshold for triaging elderly trauma
victim to trauma centers [56], there is some suggestion that the
reverse is likely to occur and with poorer outcomes [57].

Outcomes following traumatic brain injury in the elderly
appear to be significantly worse than for younger patients,
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although the data supporting specific triage recommendations
are lacking. The Glasgow Coma Scale (GCS) has been studied
extensively, but experts are loath to suggest making triage deci-
sions based solely on an admission GCS level. Nonetheless,
patients with a GCS on admission of 7 or 8 have exception-
ally bad outcomes [44].

Geriatric trauma patients are more likely to present in
shock than similarly injured younger patients [58]. Scalea
et al [59]. described significant hemodynamic compromise in
elderly patients who were found to be clinically stable following
blunt multiple trauma. Their trauma unit had developed crite-
ria for early transfer to the intensive care unit (ICU) with arterial
line and pulmonary artery catheter placement as soon as possi-
ble. Attempts were made to optimize cardiac index greater than
4 L/min or an oxygen consumption of 170 cc · min−1 · M−2. On
initial evaluation of hemodynamic profiles, thirteen of thirty
patients were found to be in cardiogenic shock and more than
half of these patients died. The EAST group report highlighted
the primary message of this chapter, that elderly trauma vic-
tims may appear stable but in fact suffer from serious perfusion
deficits that contribute to morbidity and mortality. In addi-
tion, the workgroup reported, based primarily on the Scalea
et al. article, that “any geriatric patients with physiologic com-
promise, significant injury (Abbreviated Injury Score >3), high
risk mechanism of injury, uncertain cardiovascular status, or
chronic cardiovascular or renal disease should undergo invasive
hemodynamic monitoring using a pulmonary artery catheter.”
No other multisystem trauma study has been published since
the workgroup’s review. However, multiple randomized studies
questioning the use and utility of pulmonary artery catheters
have been published, most of which have failed to find signifi-
cant benefit to pulmonary artery catheters as a guide to therapy
[60–62]. In addition, there are reasonable data to suggest that
less invasive alternatives to the pulmonary artery catheter are
applicable to the trauma environment [63]. Thus, the elderly
trauma patient requires intensive evaluation, and the absence of
obvious instability should not be interpreted as the presence of
hemodynamic stability. However, the use of pulmonary artery
catheters per se remains questionable.

The EAST group indicated that there is at best Level III evi-
dence to suggest that there is a benefit to optimization of cardiac
index and the use of base deficit to determine resuscitation sta-
tus. Apart from the controversy described earlier regarding the
tendency to administer less fluid to elderly surgical patients,
there is little in the literature to guide the trauma practitioner.

C O N C LU S I O N

Extensive information regarding the general physiologic alter-
ations associated with aging, extensive knowledge of disease
processes, as well as an understanding of trauma and resuscita-
tion are all brought to bear in the care of elderly trauma victims.
Trauma clinicians can refine their approach to these patients by
utilizing the available information, in particular, current con-
ceptions of pharmacology for the elderly. As for directly useful
information having an impact on trauma care, apart from hip
fractures, there is relatively little information available. Hope-
fully, this chapter will assist trauma clinicians to both become
more proficient at caring for the elderly and more observant in
searching for the keys to better trauma care for the elderly.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Elderly multisystem trauma victims

a. With a trauma score of 9 should be admitted to an ICU
immediately

b. Chronologic age should not be a basis for triage
c. Have outcomes similar to younger patients following

traumatic brain injury
d. Age should lower the threshold for triage to a trauma

center

2. In elderly patients with hip facture

a. Transfusion using a hemoglobin of 7 g/dL threshold is as
safe as using a 10 g/dL threshold

b. Traction can be used to decrease pain
c. Regional anesthesia improves all significant outcomes

relative to general anesthesia
d. Operating within 24 hours improves outcomes

3. When providing anesthesia to an elderly patient

a. Both pharmacokinetic and pharmacodynamic altera-
tions influence drug requirements

b. Aging alters serum proteins in different way, so which
protein binds a drug becomes important

c. Requirements for nondepolarizing neuromuscular
blockers are not altered with age

d. All of the above

4. Following major surgery, elderly patients

a. Never get emergence delirium
b. Commonly suffer from delirium at 24–48 hours
c. Routinely require 1–2 months to regain full conscious-

ness
d. Could be diagnosed with cognitive dysfunction postop-

eratively even without preoperative testing

5. In evaluating an elderly patient for surgery

a. Patients with Parkinson’s disease should never receive
regional anesthesia

b. Patients with dementing illness require additional vola-
tile anesthetic

c. Atelectasis will develop in the majority of patients receiv-
ing general anesthesia

d. Evaluation of the airway requires observation of the size
of the epiglottis

6. In the absence of coronary artery disease, an otherwise
healthy elderly patient will have

a. A slightly increased heart rate
b. A decreased stroke volume
c. A lower pulse pressure
d. Decreased left ventricular diastolic relaxation

7. In evaluating an elderly trauma patient

a. Chronologic age provides a good indication of organ
function
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b. Preexisting disease is irrelevant
c. A pulmonary artery catheter should be inserted in all

patients older than 65 years
d. Elderly patients who recover from trauma frequently

retain their independence.

A N S W E R S

1. b
2. a
3. d

4. b
5. c

6. d
7. d
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Objectives
1. Review the etiology of trauma in pregnant patients.
2. Discuss the physiologic changes of pregnancy and their impact on anesthetic management of a

pregnant trauma patient.
3. List the various causes of maternal and fetal morbidity and mortality associated with different

types of trauma.
4. Be able to triage a pregnant trauma patient and know the impact of gestational age on resusci-

tation.
5. Review the principles of cardiorespiratory resuscitation in a pregnant patient, including peri-

mortem cesarean delivery.

Trauma complicates approximately 7 percent of all pregnancies
and is responsible for 0.3 percent to 0.4 percent of maternal
hospital admissions [2]. Trauma is the most common cause of
maternal death in the United States [1]. Mechanisms of trauma
during pregnancy include motor vehicle accidents, domestic
violence [3], falls [4], and penetrating injuries [5]. Pregnancy
has its own unique injuries due to the expanding uterus and
developing fetus that must be taken into consideration in the
pregnant trauma patient.

Many providers are involved in the care of the pregnant
patient from the trauma scene, to the emergency department,
and to the operating room. The anesthesiologist can play a key
role in the care and management of the pregnant trauma victim.
All anesthesiologists have training in obstetric anesthesia during
their residency and frequently cover obstetric units in hospitals
where pregnant patients are cared for. On the other hand, most
nonobstetric physicians have little obstetric exposure and may
be uncomfortable caring for the pregnant patient because of
unfamiliarity with the physiologic changes of pregnancy or the
evaluation of fetal well-being. This is not only a source of stress
for other trauma providers, but can put maternal well-being at
risk. Nonobstetric physicians may hesitate to order necessary
diagnostic and therapeutic interventions for fear of doing the
“wrong thing,” all because the patient is pregnant. A multidis-
ciplinary approach to the pregnant trauma patient involving
trauma surgeons, obstetricians, anesthesiologists, emergency
medicine, and other providers, is critical to deliver optimal care
and achieve the best outcome possible.

With pregnancy comes the challenge of caring for two
patients at once – the mother and the fetus. In general, pro-
viding optimal maternal care is the best strategy to optimize
fetal survival [6, 7]. In early pregnancy, the only way to save the
fetus is to save the mother. The physiologic changes of preg-
nancy and fetal physiologic requirement will have an impact on
the decision-making process [8].

The trauma team must include providers familiar with the
complications related to maternal trauma. Placental abruption,
for example, is a major concern in abdominal trauma [9, 10].
The pregnant patient may not exhibit significant symptoms ini-
tially. The fetus meanwhile may suffer serious compromise or
even death. If not quickly recognized, placental abruption can
eventually lead to maternal hypovolemia, hypotension, hypox-
emia, and death from exsanguination. Abruption is but one of a
number of sequelae related to pregnancy that the trauma team
must be prepared to deal with [11].

P H Y S I O L O G I C C H A N G E S

What Makes the Pregnant Patient Different?

Pregnancy produces a wide range of physiologic alterations
that will affect maternal care (Table 26.1). Knowing the physi-
ologic changes of pregnancy is imperative to correctly evaluate
and safely manage the pregnant trauma victim. Most major
organ systems are affected by these physiologic changes. Also,
these changes are a dynamic process over the course of normal
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Table 26.1: Physiologic Changes of Pregnancy and Management

Cardiovascular changes
↑Blood volume may Mask signs of hypovolemia
↑Cardiac output may Mask signs of hypovolemia
↓Blood pressure
EKG changes Mimic myocardial ischemia or cardiac contusion
↓ Cardiac filling pressures
Aortocaval compression Mimics hemorrhagic shock

Pulmonary changes
↑Functional residual capacity Rapid onset of hypoxemia

Increased uptake of inhaled agents
↑Oxygen consumption
Alveolar hyperventilation and respiratory alkalosis ↓ Buffering capacity

Gastrointestinal changes
↓Gastric emptying ↑ Incidence of reflux and aspiration
↓Gastroesophageal sphincter tone
Displacement of small intestine into the abdomen ↑ Risk of upper abdominal penetrating injuries

Renal and GU changes
↑ Renal blood flow and GFR Natriuresis
↓ Blood urea and creatinine Fluid challenge is needed to differentiate prerenal

vs renal oliguria

Endocrine changes
Diabetogenic state Monitor glucose and electrolyte abnormalities

Hematologic changes
↓ Hematocrit Anemia, internal bleeding
↑ White blood cells Infection
↑ Coagulation factors Thromboembolic disease

GU, genitourinary; GFR, glomerular filtration rate

pregnancy. Thus, the knowledge of fetal gestational age is
important not only for fetal evaluations and concerns, but also
to know what physiologic changes in the mother can be expected
at any point in time. Maternal disease states such as toxemia of
pregnancy can further alter the physiologic maternal state and
complicate care.

Cardiovascular Changes of Pregnancy
Blood volume changes significantly during pregnancy.

Maternal blood volume increases approximately 25 percent
beginning in the second trimester, then peaks in the third
trimester at approximately 40 percent to 50 percent above base-
line levels. The increase in blood volume is the result of an
increase in both red blood cell mass and plasma volume. Plasma
volume increases up to 40 percent to 50 percent above baseline
[12]. The red blood cell mass also increases, but to a lesser
extent, about 30 percent above baseline levels, which accounts
for what is called “the physiologic anemia of pregnancy” [13].
The “normal” hemoglobin of approximately 40 percent will
decrease in pregnancy to between 29 percent and 32 percent
by the end of the thirty-fourth week of gestation. The rise in
maternal blood volume is seen as a protective physiologic effect
for the mother, because potentially significant blood loss can
occur during delivery.

Clinically then, the parturient may suffer significant blood
loss that may not be appreciated [10]. Maternal blood pres-
sure/heart rate may remain relatively normal even with blood
loss up to 2 L. Maternal vital signs are maintained at the expense
of uteroplacental blood flow as well as perfusion of other organs.
Thus, fetal distress may be an earlier indicator of significant
intravascular blood loss. Once blood loss exceeds 1.5–2 L vol-
ume, signs of maternal hypovolemia will likely become appar-
ent. The relatively “low” hematocrit of pregnancy may be mis-
taken as a sign of blood loss from hemorrhage and raise concern
that the patient needs further evaluation.

Cardiac output increases throughout pregnancy up to 40
percent by the third trimester [14]. Heart rate increases a mod-
est 15 percent during this time. Blood pressure in normal preg-
nancy decreases by 20 percent as a result of a progesterone-
induced decrease in systemic vascular resistance (SVR) [15].
Central venous pressure (CVP) and pulmonary artery (PA)
pressures also decrease in pregnancy. Thus, pregnant patients
have lower filling pressures. Clinically, the assessment of hypo-
volemia can be more difficult – as heart rate and blood pressure
are lower than in the nonpregnant state.

Electrocardiographic (EKG) changes occur during normal
pregnancy. Nonspecific ST changes can occur with the appear-
ance of Q waves in 2,3 and aVF resulting from the elevation of
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the diaphragm due to the expanding uterus. The EKG changes
can be misinterpreted for myocardial contusion after chest
trauma.

Uterine enlargement during pregnancy can lead to
decreased venous return after the twentieth week of gestation
if the patient is placed supine. Decreases in venous return can
cause a significant drop in maternal blood pressure with detri-
mental effects for both the mother and fetus. Because the utero-
placental blood flow lacks autoregulation, decreased blood pres-
sure can lead to insufficient oxygen delivery to the fetus. It is
essential that the pregnant patient not be placed supine after the
twentieth week of gestation. If the patient is supine, the uterus
needs to be shifted – preferably leftward approximately 20 per-
cent to 30 percent to relieve uterine obstruction of the inferior
vena cava (IVC) [16]. Cardiac output has been shown to increase
as much as 25 percent after relieving uterine obstruction of the
IVC by uterine displacement [17].

Pulmonary Changes of Pregnancy
Though a myriad of pulmonary parameters change during

pregnancy, it is important to focus on the changes that have the
most clinical ramifications.

Functional residual capacity (FRC) decreases in pregnancy
by approximately 20 percent as a result of both diaphragmatic
embarrassment and weight gain in pregnancy [18]. This com-
bined with an increased tendency for small airway collapse and
V/Q mismatching results in a decrease in oxygen reserve [19].
At the same time, oxygen consumption increases during preg-
nancy from both the fetal metabolic demands and the mater-
nal physiologic changes. Oxygen consumption is increased 20
percent at term [18]. The combination of decreased FRC and
increased O2 demand predispose the parturient to rapid oxygen
desaturation should apnea occur (e.g., during rapid sequence
intubation). Maternal oxygenation/ventilation must be rapidly
reestablished or maternal cardiac arrest will follow.

Maternal tidal volume and respiratory rate increase in preg-
nancy in response to progesterone stimulation of the medullary
respiratory centers. This causes a decrease in maternal PCO2 to
about 32 mmHg, which results in a respiratory alkalosis [20].
The renal response is to excrete bicarbonate to produce a com-
pensatory metabolic acidosis. The management of the critically
ill pregnant patient must keep in mind the altered acid-base
parameters of the pregnant patient when managing ventilatory
support.

As pregnancy progresses, airway edema and weight gain
occur that can result in difficult tracheal intubation. Failed intu-
bation occurs eight times more frequently in the pregnant than
in the nonpregnant patient. Moreover, the tissue of the maternal
airway is more friable such that multiple laryngoscopic attempts
and/or traumatic attempts can result in bleeding and swelling of
the airway with subsequent inability to bag-mask ventilate the
lungs. Caution must be employed to minimize the risk of tissue
trauma and edema due to unsuccessful attempts with conven-
tional laryngoscopy. The clinical point to know is that tracheal
intubation of the pregnant patient must be approached with
care. It is critical that smaller endotracheal tubes (size 6.0 to 7.0
ETT) should be available for maternal intubations. Alternate
methods of controlling and securing the airway must also be
immediately available, such as laryngeal mask airway (LMA),
gum elastic bougie, flexible fiberoptic bronchoscope, and sur-
gical airway equipment (see Chapter 2).

Gastrointestinal Changes
Progesterone levels increase in pregnancy resulting in re-

duced smooth muscle tone, including the smooth muscle of the
esophagus and esophageal sphincter. There is also a mechanical
affect on the gastroesophageal junction that is a result of pres-
sure from the expanding uterus on the stomach itself. The net
result is to compromise the gastroesophageal sphincter [21].
Pregnant patients in the second/third trimester are then at
increased risk of gastroesophageal reflux and potentially life-
threatening aspiration of gastric contents. When tracheal intu-
bation is anticipated, suction must be immediately available.
Maneuvers such as cricoid pressure/rapid sequence inductions
should be used to minimize the aspiration risk. In the event
the patient has eaten recently, medications that increase gas-
tric emptying such as metoclopramide may be of use. Medica-
tions such as ranitidine can help raise gastric pH as prophylaxis
against low pH gastric fluid aspiration when given 45 minutes
to an hour prior to surgery.

Hematologic Changes of Pregnancy
Clotting factors increase significantly during pregnancy –

leading to a hypercoagulable state. Serum fibrinogen level can
increase 100 percent above normal values, while factors VII,
VIII, IX, and X all increase during pregnancy [21]. At the same
time, prothrombin, partial thromboplastin time (aPTT), and
international normalized ratio (INR) all remain normal. The
hypercoagulable state puts the patient at risk for pulmonary
embolism. If fibrinogen levels are “normal” late in pregnancy –
this may indicate presence of a significant coagulopathy devel-
oping. Trauma-induced placental injury such as abruption can
certainly lead to disseminated intravascular coagulation (DIC)
and hypofibrinogenemia.

Renal/Genitourinary Tract Alterations
Increased renal blood flow and glomerular filtration rate

result in a natriuresis. Progesterone can affect the smooth
muscle of the ureter, allowing reflux. Hydronephrosis and
hydroureter can occur in pregnancy secondary to uterine com-
pression. It may therefore be difficult to evaluate fluid status by
using urinary output as the sole parameter. Response to fluid
challenges can sometimes be helpful in evaluating prerenal vs.
renal causes of oliguria. Urinary tract infections are common
in pregnancy as a result of ureteral reflux and can be a common
source of fever.

I N C I D E N C E A N D E T I O L O G Y O F T R AU M A

The incidence of trauma in pregnancy ranges from 6 percent
to 8 percent [22, 23]. Maternal death rates have been reported
as high as 11 percent after trauma [24]. Trauma is the leading
cause of death for all women of childbearing age. Pregnant
trauma victims tend to be younger, less severely injured, and
more likely of African American or Hispanic descent compared
with nonpregnant victims of trauma. Drugs and alcohol are a
factor in about 20 percent of maternal trauma.

Motor vehicle accidents account for almost two-thirds of
all maternal trauma-related deaths, while falls and domestic
violence comprise a large percentage of the rest. With motor
vehicle accidents, the use of seat belts in pregnancy is an impor-
tant factor is limiting injury [25]. The unrestrained pregnant
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Table 26.2: Maternal Injuries Associated with Trauma

1. Placental abruption
2. Premature rupture of membranes
3. Premature labor/delivery
4. Uterine rupture
5. Direct uterine/fetal injury from penetrating trauma more likely

in the second and third trimester
6. Splenic rupture
7. Retroperitoneal hemorrhage
8. Hepatic injury
9. Hematoma

10. Bowel injury – uncommon due to protection from gravid
uterus

11. Amniotic fluid embolism

driver is at higher risk of both maternal and fetal death, pre-
mature delivery (i.e., within 48 hours of trauma), and low-
birth-weight infants [26]. Unrestrained pregnant drivers were
at higher risk of fetal death and significantly more blood loss
compared with the restrained pregnant trauma victim [27].
The restrained pregnant patient had no greater risk of poor
pregnancy outcomes when compared with pregnant nontrau-
matized females [28].

Minor trauma is very common during pregnancy and
accounts for 90 percent of third-trimester injuries. With what
would otherwise be “minor trauma,” pregnancy-related com-
plications occur in up to 10 percent of these cases [29]. Severe
trauma in the third trimester occurs in only about 1 percent of
cases of all pregnancies.

As would be expected, maternal/fetal mortality depends on
the severity of the patient’s injuries. Factors that are predictive
of fetal demise include a high injury severity score (ISS) of
more than 15, and abbreviated injury scores of ≥3 of the head,
abdomen, thoracic, and lower extremities [30]. Glasgow Coma
Score of ≤8, elevated base deficit, and abnormal uterine activity
have also been predictive of poor fetal outcome.

Pregnancy-related complications are highest after assault,
most likely because of trauma directed at the fetus. Fetal-
neonatal death does not necessarily correlate with severity of
maternal injury. Fetal loss occurs in 1–3 percent of cases con-
sidered “minor trauma.” When trauma is considered “severe,”
fetal loss occurs in 50 percent of cases [31]. Risk of fetal mor-
tality does not appear to be related to other factors such as
medications, surgical procedures, or anesthesia.

Mechanisms of Injury (Tables 26.2 and 26.3)

Blunt Injury
This type of injury is more common than penetrating

injuries. Injury to solid abdominal organs can be managed
nonoperatively in a stable pregnant patient. Unstable patients
and those with injury to the intestines will benefit from early
exploratory laparotomy, as hypotension and sepsis can be lethal
for the fetus as well as the mother.

More challenging is the management of pelvic fracture,
leading to massive hemorrhage, shock, and significant maternal
and fetal death [32]. The most common cause of fetal death is
placental abruption, causing prematurity, exsanguination, and

Table 26.3: Direct and Indirect Fetal Injuries from Trauma

1. Direct
a. Organ rupture
b. Spinal/cranial fractures
c. Intracranial hemorrhage
d. Umbilical cord rupture

2. Indirect
a. Placental abruption
b. Uterine rupture
c. Fetomaternal hemorrhage
d. Preterm labor
e. Isoimmunization

hypoxemia (Table 26.4). When placental abruption occurs, loss
of placental surface area up to 25 percent may be well tolerated
by the fetus. Placental abruption of 50 percent or greater has a
high likelihood of fetal loss [21].

Penetrating Injuries
Gunshot injuries are a frequent mechanism of penetrating

injury in the pregnant patient [33]. The gravid uterus is the
most likely organ to be injured. The gravid uterus can act as a
shield for other viscera with abdominal injury. When the injury
is confined to the uterus, maternal mortality is low (2.5%) but
perinatal mortality is high (40–71%) [21]. The thick uterine
musculature absorbs the energy from low-velocity penetrating
injuries well. If the bullet has penetrated the uterus and the fetus
is viable, cesarean delivery is indicated.

Burn Injuries
Burns are uncommon in pregnancy but still have important

considerations. Pregnancy, in general, does not affect the man-
agement of burns [20]. Maternal and fetal outcome depends on
the severity of burns and associated complications [34]. Third
spacing of fluids and intravascular volume depletion can result
in uteroplacental hypoperfusion, fetal hypoxia, and fetal dis-
tress. Premature labor and death can be the result [35]. Initial
management consists of supplemental oxygen, assessment of
extent and severity of the burn, and aggressive fluid manage-
ment (see Chapters 20 and 21). Parkland formula (4 mL/kg per
% burn) can be used to estimate the 24-hour fluid requirement
with half of the fluid replacement in the first eight hours. Urine
output should be monitored as a guide to adequacy of volume
resuscitation. Fetal mortality increases with increasing severity
of burns with an almost 100 percent mortality rate with burns
greater than 50 percent [36, 37]. Tocolytic therapy is an option
in case of preterm labor but must be instituted with caution.
Tocolytic agents can have deleterious effects on fluid distribu-
tion in burn patients with the potential for pulmonary edema
[38].

Carbon monoxide (CO) poisoning should be considered
early in managing pregnant burn patients. CO crosses the pla-
centa rapidly and fetal hemoglobin has more affinity for CO
than maternal hemoglobin. Fetal carboxy-hemoglobin levels
are higher than maternal levels with slower fetal elimination
[39, 40]. Even in mildly symptomatic mothers, the chances of
anatomic malformations and death of the fetus is high [41, 42].
Hyperbaric oxygen therapy should then be considered early in
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Table 26.4: Placental Abruption: Clinical Manifestations, Complications, and Management

Etiology Hypertension
Trauma
Advanced age
Parity
Tobacco use
Cocaine use
Premature rupture of membranes
H/o of abruption

Clinical manifestations Vaginal bleeding
Uterine tenderness
Increased uterine activity
Ultrasound: retroplacental hematoma

Complications Maternal Fetal/Neonatal
Hemorrhagic shock Fetal distress
Acute renal failure Fetal demise
Coagulopathy Prematurity

Perinatal mortality and morbidity

Management Obstetric management:
Supportive management
–Close monitoring of FHR
–Large bore intravenous access
–Assess hematocrit
–Assess coagulation
–Blood for cross match
–Left uterine displacement
–Supplemental oxygen

Definitive management
Continue pregnancy – Preterm fetus

– Minimal abruption
– No signs of fetal distress

Induction of labor – No evidence of fetal distress
– Favorable cervix

Cesarean delivery – Maternal instability
– Fetal distress

Anesthetic management
Induction of labor – No coagulopathy

– Epidural analgesia
– No hypovolemia

Cesarean section – Acute fetal distress
General anesthesia – Ketamine or Etomidate

– Aggressive volume resuscitation
– Replacement with PRBC and coagulation factors
– Pitocin and other uterotonic agents to treat uterine atony

FHR, fetal heart rate; PRBC, packed red blood cells.

the care of the pregnant patients with any injury where CO
inhalation has occurred.

I N I T I A L C A R E O F T H E P R E G N A N T
T R AU M A PAT I E N T

Prehospital

The possibility of pregnancy should always be considered with
all females of childbearing age. The primary concerns are air-
way management, spine immobilization, control of bleeding,
limb splinting, support of vital signs, and care of other imme-
diately life-threatening conditions such as tension pneumotho-
rax. These initial areas are managed essentially the same way in
all females of all ages. The airway of pregnant females can be sig-
nificantly more challenging with increased risks of aspiration, as
will be discussed later. A distended abdomen in a female trauma
patient may indicate intraabdominal bleeding, gravid uterus, or
both. If pregnancy is confirmed by history and the gestation is

more than 20 weeks, or if it is suspected by abdominal disten-
tion/examination – uterine displacement (preferably leftward
but not essential) should be initiated to avoid IVC obstruction
[43]. If there is suspected spinal injury, the patient may have
the entire backboard/bed tilted to avoid aortocaval compres-
sion while avoiding further spinal injury that could result from
placing a wedge under the patient’s hip [44].

Transport and care of the pregnant trauma victim should
in most cases be to a regional trauma center. Tachycardia, chest
pain, possible loss of consciousness, and third-trimester preg-
nancies are independent risk factors for need of trauma center
care, and transport to this type of facility is indicated, if avail-
able.

Hospital Care

When the patient is identified as pregnant, the trauma center
needs to be notified as soon as possible so that the appropri-
ate caregivers can be assembled in the emergency room for
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Table 26.5: Advanced Trauma Life Support Principles of Initial
Assessment and Evaluation of the Pregnant Trauma Patient

Multidisciplinary approach – The obstetric, emergency, and trauma
providers need to work together in an organized, coordinated
fashion, according to advanced trauma life support protocols.

Pregnancy related changes interfere with interpretation of signs and
symptoms and laboratory data but do not interfere with
management of trauma-related injuries.

The anesthesiologist can be a crucial link in the care of the obstetric
trauma victim.

Many trauma caregivers lack knowledge of maternal physiologic
change that can have an impact on care as well as assessing fetal well
being in the event of trauma.

Obstetric care providers are not experienced trauma caregivers.

In almost all cases, prompt resuscitation of the mother will
maximize fetal chances of survival.

To save the life of the mother, prompt initiation of treatment is
essential, even if pregnancy is jeopardized.

If maternal cardiac arrest does not respond to initial interventions
AND the fetus is viable/greater that 23 weeks gestation – emergent
Cesarean delivery should be considered with the fetus delivered
within less than 5 minutes of arrest.

If maternal death is imminent (fatal injury has clearly occurred),
ante-partum Cesarean delivery may to be considered to save the
fetus.

the patient’s arrival. By using the multidisciplinary approach
to the pregnant patient, optimal care may best be achieved by
having a designated “OB trauma team.” Having a designated
team enables each member to have a clearly defined role. The
OB trauma team should consist of trauma surgeons, obste-
tricians, anesthesiologists, emergency medicine, pediatricians,
and emergency room/labor room nurses, together with radiol-
ogy and laboratory personnel. Each member of the team can
initiate the therapeutic and diagnostic studies deemed necessary
with the coordination of studies and interpretation of results
overseen by the team leader. Evaluations of different areas of
concern then can be done simultaneously, maximizing time
saved and helping to prevent errors of omission.

The primary and secondary surveys of the pregnant trauma
patient remain essentially the same as the nonpregnant patient
but with the added attention to details relating to pregnancy
(Table 26.5). Estimation of gestational age should be done as
soon as possible as uterine size, fetal age, and viability are criti-
cal factors affecting management and decision making in these
patients (Figure 26.1). If no clear history of gestational age is
available, uterine size/gestational age can be estimated by physi-
cal exam or with the assistance of ultrasound. If it is determined
that the pregnancy is viable (≥24 weeks gestation), fetal and
uterine monitoring should be instituted during the secondary
survey (Figure 26.2) [20].

Initial care of all pregnant trauma patients should include
the placement of supplemental oxygen. The airway is imme-
diately examined to assess patency and the presence of pro-

Primary survey 
Airway assessment

Ventilation
Circulation

Brief evaluation of the uterine size

Uterine size <24 weeks                       Uterine size >24 weeks

Left uterine displacement                    Left uterine displacement
(After 20 weeks) 
Primary management not 
 altered by Pregnancy                          Brief confirmation of Fetal HR

Secondary assessment with                Maternal evaluation/resuscitation
Pregnancy related risks
addressed                                            Fetal monitoring and
                                                             evaluation 

Figure 26.1. Obstetric aspects of primary trauma management.

tective reflexes, secretions, foreign bodies, and signs of injury.
If any doubt about the airway exists, endotracheal intubation
should be considered, because the mother can rapidly become
hypoxic and fetal hypoxemia is a major cause of fetal dis-
tress. The maternal airway can be challenging due to numer-
ous factors (Table 26.6). Tissue edema, weight gain, and breast
enlargement hinder visualization for intubation. Cervical spine
injury may be a consideration, depending on the mechanism of
trauma, further limiting allowable neck movement. After the
first trimester of pregnancy, these patients are considered “full
stomachs” that will require maneuvers such as cricoid pres-
sure and rapid sequence inductions/intubations in an attempt
to prevent passive regurgitation during intubation. Decreased
FRC and increased oxygen consumption in pregnancy together
cause the rapid development of hypoxemia in pregnant patients
when apnea occurs [19]. With this in mind, should difficulty in
intubation be encountered, alternate methods of airway control
need to be immediately available. Mask ventilation with cricoid
pressure, LMA placement, Combitube, or cricothyroidotomy
may all be considered depending on the circumstances. It must
be kept in mind, though, that repeated attempts to intubate by
using direct laryngoscopy can potentially cause tissue edema,
bleeding, and possible loss of ability to ventilate by mask

Blood pressure, heart rate, and assessment of circulation
must be done with the knowledge and understanding of how
physiology of pregnancy differs from the nonpregnant state.

Fetal viability 
>24 weeks of gestation 

Fetus alive 

Initiate Fetal monitoring

Continue monitoring for: 
•  Minimum of 4-6 hours (Minor trauma)
•  Minimum of 24 hours (Severe trauma)
•  Throughout period of maternal instability

Secondary evaluation of fetus by ultrasound
Rh immunoglobulin in Rh-negative patients

Figure 26.2. Fetal assessment in trauma.
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Table 26.6: Difficulties of Airway Management in a Pregnant
Trauma Patient

Anatomic and physiologic changes of pregnancy
–Mucosal edema
–Increased oxygen requirements
–Decreased functional residual capacity

Trauma related injuries
Direct
–Facial fractures
–Cervical spine injuries
Indirect
–Airway obstruction
–Compromised protective laryngeal reflexes
–Decreased ability to clear secretions
–Inadequate ventilation
–Hypoxemia

Adequate mean arterial pressure must be established as soon
as possible because uterine perfusion of the placenta has no
autoregulation and is blood pressure dependent. Left uterine
displacement should be instituted if the gestational age is greater
than 20 weeks, either manually or by tilting the hip (if no injury
contraindicates). Due to the significant increase in circulat-
ing blood volume in the second and third trimesters of preg-
nancy, significant hemorrhage may be initially masked [45, 46].
Fetal heart tones can be obtained with Doppler. If fetal brady-
cardia exists, all efforts need to be made to improve maternal
oxygenation, circulation, and perfusion. This can include vol-
ume support with crystalloid/colloid/or blood products as indi-
cated, as well as pressor support. Normal pregnancy decreases
the response to drugs such as ephedrine/epinephrine, whereas
the “toxemic” patient may be extremely sensitive to pressors.
Maternal signs of adequate perfusion need to be assessed in
parallel with the fetal assessment – patient mental status, pulse
strength both central and peripheral, skin color, and capillary
refill. Maternal heart rate is normally up to 15 bpm higher
in pregnancy. If any circulatory compromise is suspected, two
large-bore catheters for volume resuscitation with warm IV flu-
ids need to be instituted.

Depending on gestational age, maternal medical condition,
and fetal status, an emergency cesarean delivery may be neces-
sary for both fetal and maternal management. These issues will
be discussed later in the chapter.

If the patient is hemodynamically stable, the secondary sur-
vey should be instituted. Confirmatory evidence of fetal ges-
tational age by pelvic exam should be done. Continuous fetal
monitoring should be instituted as soon as possible. Gestational
age of 24 weeks or greater is considered viable. Monitoring of
uterine contractions may also be instituted at this time though
the presence of uterine contractions in the preterm period may
not be indicative of labor. Uterine contractions can be secon-
dary to uterine irritability, dehydration, and trauma that often
may subside with time. Vaginal speculum exam, looking for
sources of bleeding or rupture of membranes are important
parts of the secondary assessment [47]. Pelvic and abdominal
exam at this time are important to evaluate the risk of peritoneal
injury.

Laboratory testing is important for baseline values as well
as for looking for factors related to trauma injury. Complete
blood count, type and cross-match, and blood gas analysis of
signs of hypoxemia and acidosis may well be indicated. Clot-
ting factors should be considered in looking for signs of DIC
that can come from many sources in trauma including placental
abruption. Fibrinogen levels are elevated in normal pregnancy,
so the presence of “normal” values can be a source of concern.
A Kleihauer–Betke test can be used to assess whether fetal blood
has entered the maternal circulation [48, 49]. In Rh-negative
mothers, this test can be done for the purpose of estimating the
amount of fetal-to-maternal hemorrhage that has occurred. If
the Rh-negative mother is positive, Rh immune globulin is indi-
cated to decrease the risk of isoimmunization [50]. It is doubtful
that this test has clinical value in the Rh-positive mother.

Diagnostic evaluation of the pregnant patient should be
geared toward the identification of maternal injuries and fur-
ther assessment of the fetus. Ultrasonography is a major tool
in the initial evaluation of the pregnant trauma patient. There
is no ionizing radiation used with ultrasonography and all evi-
dence indicates that it’s safe for the fetus. Focused abdominal
ultrasound for trauma (FAST) is an effective tool in assess-
ing whether maternal intraabdominal injury has occurred. It
can also be used to evaluate the fetus and placenta [51–53].
Diagnostic peritoneal lavage (DPL) is also used in the pregnant
patient to identify peritoneal injury, especially if the results of
FAST are equivocal [54, 55]. The site of incision for open DPL
is dictated by the size of the uterus (either above or below the
umbilicus). Fetal assessment by using ultrasound can exam-
ine fetal heart rate, heart rate reactivity, amniotic fluid volume,
respiratory effort, and gross body movements, as well as look
for signs of placental abruption. Ultrasound is not very sensi-
tive for abruption with only a 25 percent diagnosis rate [56].
However, should there be signs of subchorionic hemorrhage or
retroplacental hemorrhage, it can help in early diagnosis.

All radiographs should be evaluated with the knowledge
that physiologic changes of pregnancy affect their interpreta-
tion. The need for appropriate maternal evaluation outweighs
concerns regarding fetal exposure to radiation. Whatever mea-
sures can be done to minimize exposure should be done. In
general, little risk of radiation injury exists with basic radio-
graphs after 20 weeks gestation. Earlier in pregnancy, especially
in the first 8 weeks, computed tomography (CT) scans of the
abdomen expose the fetus to significantly more radiation than
other types of x-rays [57]. The risks and benefits of such studies
need to be evaluated in each individual case. CT scans of the
head, neck, and chest allow the abdomen to be shielded, and
therefore, do not pose the same radiation exposure as abdomi-
nal CTs.

S U R G I C A L I N T E RV E N T I O N A N D
R O L E O F A N E S T H E S I A

One of the main decisions in managing the pregnant trauma
patient is: does the patient need an exploratory laparotomy?
If there is no evidence of peritoneal penetration or a rup-
tured intraabdominal organ, using physical exam, ultra-
sound/radiologic criteria, and/or positive DPL, then injury to
the uterus or fetus is unlikely and surgical exploration is not
indicated.
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When surgical exploration is necessary to evaluate the type
and severity of penetrating injuries, cesarean delivery may be
required for the following situations:

1. Uterine size prohibits adequate abdominal exploration
2. When necessary for the repair of an extrauterine injury
3. For repair of a uterine injury in a woman with a viable

fetus.
4. An injured and/or distressed viable fetus.
5. Maternal cardiac arrest with a fetus of more than 23

weeks not responding to initial resuscitative efforts [58]

Anesthetic Management

Anesthesia consultation should be sought early even if maternal
injuries are considered minor and the patient is admitted to
labor and delivery only for observation and fetal monitoring.
Early evaluation of the patient for possible anesthesia risks is
essential so the anesthesia team can be prepared should surgical
intervention be suddenly required.

Airway Management of the Pregnant Trauma Patient

With the pregnant trauma patient, the anesthesiologist utilizes
the American Society of Anesthesiologist’s (ASA) algorithm for
difficult airway management with modifications related to the
gestational effects of pregnancy (see also Chapter 2). Difficult
tracheal intubation occurs more frequently in the parturient
(1:2,500), and the incidence of failed intubation is 1:300, or
eight times higher than in nonpregnant patients. Should trauma
occur to the face, cervical spine, or neck, one would expect the
level of difficulty to only increase.

If possible, airway management is ideally instituted in the
operative setting where all tools for difficult airway manage-
ment should be available. Supplemental O2 is instituted with
suction immediately available. Experienced personnel should
be present to assist in airway management. If the patient is
hypoxemic, has decreased ventilatory effort, is unable to clear
secretions due to decreased level of consciences or loss of pro-
tective airway reflexes, or has airway obstruction, then intuba-
tion should proceed rapidly. If significant difficulty in airway
management is clearly anticipated, an alternate airway such as
cricothyroidotomy or tracheostomy may be necessary, ideally
performed by an experienced, skilled surgeon.

Should cervical spine injury be present or suspected, all
precautions to prevent unnecessary movements of the neck are
employed. Awake fiberoptic intubation can be done to minimize
neck movement and decrease risk of aspiration. Topicalization
with local anesthetics will facilitate airway manipulation. Ben-
zocaine can be used for topicalization but caution with dosing
is needed as methehemoglobinemia can occur with large doses.
If indicated, small doses of midazolam can be safely used with
minimal effect on the neonate. Nasotracheal fiberoptic intuba-
tion can be performed if no trauma to the face has occurred that
would preclude this approach. Orotracheal fiberoptic intuba-
tion is the alternative method of choice. Should secretions and
blood obstruct the view of the airway, retrograde oral intuba-
tion is another option.

Head trauma, shock, alcohol, and drug abuse can all con-
tribute to an uncooperative patient that may make awake
fiberoptic intubation not only unrealistic, but potentially dan-

Table 26.7: Principles of Anesthetic Management of Pregnant
Trauma Patients

Optimization of gas exchange

Restoration of blood volume and tissue perfusion

Protection of brain and spinal cord

Maintenance of uteroplacental circulation and fetal oxygenation

Prevention of maternal awareness

Detection of unrecognized injuries

Correction of coagulopathy

Maintenance of normothermia

Avoidance of teratogenic drugs (during the first trimester)

gerous. Patients that are combative can move during attempted
intubation with the potential of causing or worsening neuro-
logic injury. Rapid sequence induction with cricoid pressure
and inline stabilization of the cervical spine is frequently and
successfully utilized in the pregnant trauma patient. If time
permits, and no contraindications are present, gastrointesti-
nal prophylaxis should be considered prior to airway manage-
ment including the use of an H2 receptor antagonist, meto-
clopramide, or a nonparticulate oral antacid such as sodium
citrate. Preoxygenation prior to induction is mandatory, and
alternate methods of airway management must be immediately
available should intubation prove difficult. The modified diffi-
cult airway protocol for trauma and pregnancy is a suggested
guide to airway management (see Chapter 2).

Operative anesthetic management of pregnant trauma
patients includes all the principles of anesthetic management
of trauma patients as well as the principles of the pregnant
patient undergoing nonobstetric surgery (Table 26.7). Patients
may be fearful of anesthesia effects on the fetus and need reas-
surance that anesthesia itself is not in and of itself a cause of
fetal loss or significant risk of fetal malformations even early
in gestation. Preoperative pain medication and anxiolytics as
indicated should be used as elevated maternal circulating cat-
echolamines from stress can potentially compromise uterine
blood flow. All standard monitors should be used for surgery.
Anesthetic goals include meticulous attention to details of air-
way management, ensuring adequate maternal cardiac out-
put/blood pressure/perfusion and avoiding hypotension and
hypoxemia. PCO2 should be maintained in the normal range
as hyperventilation/hypocarbia/alkalosis may decrease uterine
perfusion and fetal oxygenation. Fetal monitoring intraopera-
tively is done on a case-to-case basis once the fetus is considered
viable [59]. Unfortunately, with abdominal procedures or in
urgent situations, monitoring may not be practical. Fetal mon-
itoring in and of itself has not been shown to improve fetal out-
come [60]. Beat-to-beat variability, a highly sensitive indicator
of fetal well being, will be commonly lost under anesthesia and is
a normal finding. Fetal bradycardia is not expected and once it
occurs, maneuvers to improve maternal circulation/placental
perfusion/fetal oxygenation should be instituted to try to
resolve it. These measures can include assuring adequate left
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Table 26.8: Anesthetic Implications of Tocolytic Therapy

Side Effects

Tocolytic Agents Maternal Fetal/Neonatal Anesthetic Implications

Beta-adrenergic agonists
Ritodrine
Terbutaline

–Increased maternal heart
rate

–Increased cardiac output
–Hypotension
–Arrhythmias
–Myocardial ischemia
–Pulmonary edema
–Hyperglycemia
–Hypokalemia
–Rebound hyperkalemia
–Fetal tachycardia

–Neonatal hypoglycemia
–? Neonatal IVH
–Transient decreased

myocardial contractility

–Avoid anesthesia until maternal
tachycardia subsides (if possible)

–Delay GA for at least 10 minutes after
d/cing β-agonists

–Avoid aggressive hydration
–Avoid agents like: atropine,

glycopyrrolate, pancuronium,
ketamine

–Avoid hyperventilation
–Avoid halothane
–Slow induction of epidural preferable

to spinal anesthesia

Magnesium sulfate –Pulmonary edema
–Transient hypotension
–Chest pain and tightness
–Palpitations
–Blurred vision
–Sedation
–Toxic levels with abnormal

renal function

–? Increased perinatal
mortality

–Neonatal hypotonia

–↓MAC for analgesics, sedatives
–Attenuation of hemodynamic

response to endogenous and
exogenous pressors

–Ephedrine is preferable to treat
hypotension

–potentiation of depolarizing as well as
non-depolarizing NMBA

–Possible modest ↑in bleeding time

Prostaglandin synthetase
inhibitors

Indomethacin

–Nausea and heart burn
–Transient inhibition of

platelet aggregation

–Potential for premature
closure of the ductus and
persistent fetal circulation

–No contraindication for regional
anesthesia

–No coagulation studies indicated

Calcium channel blocking
agents

Nifedipine

–Facial flushing
–transient increase in heart

rate
–Postpartum uterine atony

–Does not affect
uteroplacental or fetal
circulation

–Potentiation of volatile halogenated
agents

–In combination with magnesium,
may potentiate neuromuscular
blockade

IVH, intraventricular hemorrhage; GA, general anesthesia; MAC, minimum alveolar concentration; NMBA, neuromuscular blocking agent.

uterine displacement, raising maternal blood pressure, increas-
ing the inspired fraction of oxygen, ensuring that surgical retrac-
tion/intervention is not a factor [43]. Tocolysis may be con-
sidered but the other implications that this can have under
anesthesia and its effects on maternal vital signs need to be
taken into consideration (Table 26.8). Emergent cesarean deliv-
ery may be necessary if bradycardia does not resolve.

M E D I C AT I O N S

As a general rule, aggressive resuscitation of the pregnant
trauma patient will be the best therapy for the fetus [10, 61].
That is not to say that the medications used will not affect the
fetus. After the first trimester of pregnancy, organogenesis is
complete. Teratogenicity is usually not an issue at this stage
of pregnancy. As it is, most medications used in the pregnant
trauma patient are category B or C. Medications that affect
uteroplacental blood flow, such as pressors, should be used as
needed for maternal care. Uteroplacental flow has no autoreg-
ulation, thus adequate placental perfusion/fetal oxygen deliv-

ery is directly dependent on blood pressure. Drugs such as
epinephrine can potentially decrease uterine flow by a direct
effect, but the overall benefit of increasing uterine perfusion
by raising maternal blood pressure usually predominates. Most
beta-blockers may be used in pregnancy, but esmolol readily
crosses the placenta and has been associated with fetal acidosis
[62]. The American College of Obstetricians and Gynecologists
recommends giving the pregnant trauma patient tetanus toxoid
as indicated [23].

Anesthesia drugs are essentially safe in pregnancy. Any
induction agent can be used to initiate anesthesia. Ketamine
has the ability to increase uterine tone in the second trimester if
doses greater that 2 mg/kg are used, which may decrease placen-
tal perfusion and fetal oxygen delivery [63]. Concern has been
raised in the past regarding nitrous oxide (N2O) and benzodi-
azepines. N2O does have sympathomimetic properties and has
the potential to vasoconstrict uterine vessels and decrease pla-
cental flow. If N2O is used, a volatile anesthetic agent should also
be used that would inhibit this effect. With benzodiazepines,
early initial reports of an association with cleft palate have not
been seen in follow-up studies.
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Table 26.9: Causes of Maternal Cardiac Arrest

1. Pulmonary embolism
2. Severe preeclampsia/eclampsia
3. Hemorrhage (obstetric or trauma related)
4. Trauma

a. Head trauma
b. Penetrating/blunt thoracoabdominal trauma

5. Sepsis
6. Myocardial infarction
7. Congestive heart failure
8. Amniotic fluid embolism (see Table 26.11)
9. Iatrogenic causes

a. Hypermagnesemia
b. Failed airway management
c. Complications of regional anesthesia

i. High spinal
ii. Local anesthetic toxicity

Volatile anesthetic gases are best maintained below
2.0 MAC, as pregnant patients have decreased anesthetic
requirement, and higher does can decrease maternal blood pres-
sure and cardiac output. If Cesarean delivery occurs, volatile
agents should be delivered at concentrations less than 1.0 MAC
to avoid uterine relaxant effects that can increase maternal blood
loss. Avoidance of isoflurane for long nonobstetric procedures
may be advisable until questions regarding possible neurotoxic
concerns raised by recent studies are further investigated [64].

Tocolysis to prevent preterm labor has been done in the
past by using magnesium and indomethacin. Indomethacin
does not have an impact on anesthesia care. Magnesium can
potentiate the effects of neuromuscular relaxants and cause
hypotension, especially in volume-depleted patients [65]. The
use of tocolytics has been questioned in trauma and probably
should be avoided because it may hinder the diagnosis and treat-
ment of placental abruption. Tocolytics such as terbutaline and
ritodrine can cause hypotension and tachycardia (Table 26.8).
These effects are exacerbated by anesthesia if given within a
short period of time (approximately 30 minutes of adminis-
tration). Ventricular ectopy results, especially if ephedrine or
atropine are given concomitantly. Excessive blood loss can result
in from residual uterine relaxation effects should emergency
cesarean delivery become necessary.

C P R I N P R E G N A N C Y A N D P E R I M O R T E M
C E S A R E A N D E L I V E RY

Cardiac arrest occurs in approximately 1 in 30,000 pregnan-
cies (Tables 26.9, 26.10, and 26.11) [66]. The incidence is
higher among those with cardiovascular disease. In the set-
ting of trauma, cardiac arrest can occur from multiple causes
including hemorrhagic shock, respiratory compromise, and
tension pneumothorax. Likelihood of survival is influenced by
the timeliness and expertise of the resuscitation team. Obstetri-
cians, anesthesiologists, neonatologists, and nursing staff must
work efficiently and in an organized fashion to resuscitate these
patients [67]. As these events happen unexpectedly, cooperation
is essential to assemble needed equipment and perform resusci-
tation in the labor suite. When arrest occurs “in the field” – the

Table 26.10: Principles of CPR during Pregnancy

1. Intubate the trachea soon after initiation of CPR, to facilitate
oxygenation and ventilation and also to prevent aspiration.

2. Before 24 weeks, rescuer should be concerned mainly to save the
mother.

3. After 24 weeks, goals of resuscitation should be to save both
mother and the fetus.

4. Maintain left uterine displacement during CPR.
5. According to AHA guidelines, resuscitative measure should be

followed including ventricular defbrilllation algorithm and use
of vasopressors such as epinephrine, norepinephrine, and
dopamine [68].

6. If initial efforts at resuscitation are unsuccessful, consider
immediate delivery of the fetus. Optimal time from arrest to
delivery is under 5 minutes [69]. Understand that Cesarean
delivery is to facilitate maternal resuscitation.

7. Cesarean delivery facilitates resuscitation by restoring venous
return, decreasing metabolic demands, and allowing more
effective chest compressions [58, 70–73].

8. If after delivery resuscitation is still ineffective, consider
open-chest cardiac massage and cardiopulmonary bypass [74,
75].

obstetrical trauma team, with all necessary equipment, must
be on standby in the emergency department for patient arrival
in the event that emergency cesarean delivery be indicated to
assist in maternal resuscitation.

The physiologic changes of pregnancy place the pregnant
patient at significant risk of difficulty in resuscitation, should
maternal arrest occur. The patient will rapidly become hypox-
emic, and the uterus will obstruct some venous return during
CPR, especially late in pregnancy, even if left uterine displace-
ment is instituted. The uterus shunts anywhere from 20 per-
cent to 30 percent (as opposed to the prepregnancy levels of
0.5–1.0% of cardiac output). Normal CPR, in the best of cir-
cumstances, can generate 25 percent of normal cardiac output.
With pregnancy, cardiac output up 30 percent or more, and
the uterus taking such a large percentage, will potentially rob
other maternal organs of adequate perfusion with CPR. Just the
anatomic configuration of the patient with the gravid uterus
and reduced chest wall compliance may interfere with proper
positioning/performance of effective CPR.

Basic life support and advanced life support protocols
should be instituted (Table 26.10). In general, CPR in the preg-
nant patient follows the same resuscitation protocols. If spinal
injury is present, manually displacing the uterus by hand may
be one possible remedy. Shifting of the entire bed or back-
board to one side may help relieve aortocaval compression, but
may interfere with maintaining the proper positioning for chest
compressions. Energy requirements for defibrillation appear to
be similar as in nonpregnant states [68]. The fetus is not harmed
if the paddles are placed properly. If a fetal scalp monitor has
been placed, the lead should be disconnected from the fetal
heart rate monitor prior to defibrillation.

Use of sodium bicarbonate during resuscitation to reverse
metabolic acidosis is controversial because of evidence that it
may worsen maternal intracellular acidosis in cardiac arrest.
Sodium bicarbonate does not readily cross the placenta, and
will likely not have a significant effect on the fetus. The most
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Table 26.11: Pathophysiology and Management of Amniotic Fluid Embolism

Etiology: Unknown.
It is an anaphylactoid syndrome of acute peripartum hypoxia, hemodynamic collapse, and coagulopathy related to maternal exposure to fetal
tissue during labor, vaginal delivery, or cesarean section.

Pathophysiology: Biphasic response Transient intense pulmonary vasospasm
Early phase Acute right heart dysfunction and pulmonary hypertension

Low cardiac output
Second phase Ventilation-perfusion mismatch

Hypoxemia and hypotension
Left ventricular failure
Pulmonary edema
Consumptive coagualopathy

∗Clinical Manifestations
Hypotension 100%
Fetal distress 100%
Pulmonary edema or ARDS 93%
Cardiopulmonary arrest 87%
Cyanosis 83%
Coagulopathy 83%
Dyspnea 49%
Seizure 48%
Atony 23%
Bronchospasm 15%
Transient hypertension 11%
Cough 7%
Headache 7%
Chest pain 2%

Goals and methods of management: Correction of coagulopathy
Maintenance of oxygenation
Supplemental oxygen

FFP, PRBCs, platelets, cryoprecipitate

Intubation and ventilation
Diuretics Possible additional measures

High dose corticosteroids
Circulatory support Epinephrine
CPR protocol Cardiopulmonary bypass
Delivery of fetus Nitric oxide
Volume resuscitation Inhaled prostacyclin
Inotropes
Afterload reduction

∗Analysis of national registry. Am J Ob Stet Gynecol 1995;172:1158–69.
FFP, fresh frozen plasma; PRBC, packed red blood cells.

important consideration is restoration of placental perfusion
and oxygen delivery to reverse fetal acidosis.

Maternal and Fetal/Neonatal Complications of CPR
During Pregnancy

Maternal complications associated with CPR include lacera-
tion of the liver, uterine rupture, hemothorax, and hemoperi-
cardium (Table 26.12). Fetal complications related to maternal
arrest include severe hypoxemia, neurologic damage, cardiac
arrhythmias, and asystole. Possible mechanisms include utero-
placental vasoconstriction, maternal hypoxemia and acidosis,
decreased maternal cardiac output, and central nervous system
(CNS) complications from antiarrythmic drugs. The neonate
in most cases will be hypoxic and acidotic, and depending on

gestational age, may very well be preterm. Prompt resuscitation
of the newborn by the neonatal team can significantly influence
fetal outcome.

Perimortem Cesarean Delivery

The decision to perform perimortem cesarean delivery should
be based on the viability of the fetus, certainty of maternal death
or unfavorable neurologic outcome, and duration of cardiac
arrest. When cesarean delivery is being initiated, it is imperative
that CPR be continued at optimal levels. Survival of the fetus
after perimortem cesarean delivery is:

■ 70 percent when delivered less than 5 minutes
■ 13 percent within 6 to 10 minutes, and
■ 12 percent within 11 and 15 minutes.
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Table 26.12: Maternal and Fetal/Neonatal Complications of CPR

Maternal Fetal/Neonate
Laceration of the liver
Uterine rupture
Hemothorax
Hemopericardium

Cardiac arrhythmia
Asystole
Neurological damage
Preterm infant possible
Hypoxia
Acidosis

It is generally accepted, based on these data, that for most
mothers that suffer cardiopulmonary arrest, cesarean delivery
should be approached on the basis of what some have called the
“four-minute” rule. That is, cesarean delivery should ideally
be performed in under 5 minutes of maternal collapse and the
neonate must be delivered by the fifth minute [8, 76]. To achieve
this goal is often difficult and requires tremendous preparation
and coordination of the entire obstetric and trauma care team.
Equipment for both fetal assessment and for cesarean delivery
may need to be permanently stocked in the emergency room.
Obstetrical and anesthesia staff must be immediately available
to the emergency room for the anticipated arrival of the preg-
nant patient. Should arrest occur in Labor and Delivery or in
the intensive care unit, it is imperative that both the necessary
equipment and personnel be readily available to both resusci-
tate and deliver the fetus. Pediatric/neonatal staff must also be
available to manage the newborn.

S U M M A RY

The pregnant trauma patient presents new challenges to the
trauma care team. Pregnancy has its own associated physi-
ologic changes and unique injuries that must be considered
along with concern for the developing fetus. A multidisciplinary
approach to these patients using a designated “obstetric trauma
care team” will offer both mother and fetus the greatest chance
of successful outcomes. The anesthesiologist, with expertise in
airway management, critical care, and physiologic changes of
pregnancy can be a vital member of the trauma team. Initial
resuscitative efforts will be directed to the mother with emphasis
on maintaining uteroplacental perfusion and fetal oxygenation.
The best maternal resuscitative efforts ensure better fetal out-
come. In the event of cardiopulmonary arrest, if the pregnant
patient does not respond within the first 4 minutes of CPR and
the fetus is viable, emergency cesarean delivery should be con-
sidered to maximize both maternal and fetal chances of survival.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which statement regarding physiologic changes of preg-
nancy is FALSE?

a. Cardiac output, systemic vascular resistance, and blood
pressure are increased in normal pregnancy.

b. Intravascular volume increases as much as 40 percent in
pregnancy.

c. Mechanical effects of the expanding uterus contribute
to gastroesophageal reflux that is common in the later
trimesters of pregnancy.

d. Renal blood flow and glomerular filtration rate are
increased in normal pregnancy.

e. EKG changes that occur in normal pregnancy can be
mistaken for myocardial infarction.

2. Factors that make the airway more difficult to manage in
pregnancy include all of the following EXCEPT:

a. Airway swelling and edema
b. Maternal weight gain
c. Easy friability of the mucosa
d. Rapid desaturation when apnea occurs secondary to

decreased functional residual capacity and increased oxy-
gen consumption.

e. Decreased oral opening in pregnancy due to physiologic
effects on the temporomandibular joint

3. Which statement regarding the physiologic changes of preg-
nancy as related to trauma is FALSE?

a. The “low maternal hemoglobin” in pregnancy may be
confused with blood loss from trauma.

b. Because of the changes in heart rate and blood pressure
in normal pregnancy, the assessment of hypovolemia can
be more difficult.

c. With autoregulation of uteroplacental blood flow, the
mother is able to maintain adequate placental perfusion
should hypotension occur.

d. Decreases in maternal pCO2 are seen early in preg-
nancy as a response to the effects of progesterone on
the medullary respiratory centers of the brain.

e. Clotting factors increase during pregnancy, placing
the pregnant patient at increased risk for pulmonary
embolism.

4. Which statement regarding trauma in pregnancy is FALSE?

a. Motor vehicle accidents account for almost two-thirds of
all maternal trauma.

b. The use of seat belts is a significant factor in maternal/fetal
injury.

c. “Minor” third-trimester maternal injury results in al-
most 10 percent of pregnancy-related complications.

d. Glasgow Coma Score ≤8, elevated base deficit, and
abnormal uterine activity are predictive of poor fetal out-
come.

e. The gravid uterus can shield other viscera from injury.

5. Initial management of the pregnant trauma patient should
include all of the following EXCEPT:

a. Airway evaluation and management
b. Spine immobilization if indicated
c. Left uterine displacement with a hip wedge if gestational

age greater than 12 weeks
d. Control of bleeding
e. Limb splinting

6. Regarding the initial hospital care of the pregnant trauma
patient, identify the incorrect statement:

a. Primary survey of pregnant trauma patient is essentially
unchanged compared with the nonpregnant patient.
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b. Gestational age is unimportant to evaluate until the sec-
ondary survey is complete.

c. Supplemental oxygen should be instituted immediately.
d. Fetal heart tones should be evaluated as soon as possible

during the secondary survey.
e. If maternal blood pressure is low, resuscitation with

crystalloid/colloid and/or blood as needed should be
promptly instituted.

7. Which statement regarding maternal diagnostic and radio-
logic evaluation is FALSE?

a. A Kleihauer–Betke test is vital to do in the Rh-positive
pregnant trauma patient to assess the entrance of fetal
blood in the maternal circulation.

b. FAST (focused abdominal ultrasound for trauma) is an
effective tool in assessing whether maternal intraabdom-
inal injury has occurred.

c. Diagnostic peritoneal ravage (DPL) can be used in the
pregnant trauma patient to identify peritoneal injury,
especially if FAST is equivocal.

d. Uterine ultrasound is not sensitive for detecting placental
abruption.

e. CT scans of the abdomen expose the fetus to significantly
more radiation than other types of x-rays.

8. During surgery to explore the abdomen for possible injury,
cesarean delivery would also be indicated in each of these
situations EXCEPT:

a. Uterine size prohibits adequate abdominal exploration
b. For repair of a uterine injury in a woman with a viable

fetus
c. When necessary for the repair of an extrauterine injury
d. Maternal cardiac arrest with a fetus less than 24 weeks

and the mother is not responding to initial resuscitative
efforts

e. When you have an injured and/or distressed viable fetus

9. All of the following statements are applicable to airway man-
agement of the pregnant trauma patient EXCEPT:

a. Patients that are unable to clear secretions adequately
after trauma has occurred require tracheal intubation as
soon as possible.

b. Experienced assistants should help in the event that
“inline stabilization” of the cervical spine is necessary
for tracheal intubation.

c. Awake fiberoptic intubation is the method of choice in
the combative pregnant trauma patient.

d. Benzocaine local anesthetic use for topicalization of the
airway has been complicated by methehemoglobinemia.

e. Nasotracheal fiberoptic intubation may be contraindi-
cated in the patient that has facial fractures.

10. Key features of anesthetic management for the pregnant
trauma patient undergoing surgery include all of the fol-
lowing EXCEPT:

a. Maintenance of uteroplacental circulation and fetal oxy-
genation

b. Restoration of blood volume and tissue perfusion
c. Prevention of preterm labor
d. Maintenance of normothermia
e. Avoidance of teratogenic drugs (during the third tri-

mester)

11. Which statement regarding medications for pregnancy
and/or anesthesia in the nonobstetric surgery setting is
FALSE?

a. Magnesium has no effect on neuromuscular relaxant use
in pregnancy.

b. Tocolytics such as terbutaline and ritodrine can cause
hypotension and tachycardia

c. Volatile inhalation agents when used at greater than 1.0
MAC levels can cause significant uterine relaxation and
potential bleeding postcesarean delivery.

d. Ketamine has the ability to increase uterine tone in the
second trimester when doses greater that 2 mg/kg are
used.

e. Esmolol readily crosses the placenta and has been asso-
ciated with fetal acidosis.

12. Which statement regarding CPR in pregnancy is TRUE?

a. Emergency cesarean section during CPR in the third
trimester of pregnancy is done to “save the baby.”

b. The use of vasopressors such as epinephrine, nore-
pinephrine, and dopamine is contraindicated during
CPR due to adverse effects on the fetus.

c. Optimal time from maternal cardiac arrest to delivery of
the fetus is under 15 minutes.

d. Left uterine displacement hinders CPR in the pregnant
trauma patient and should be avoided.

e. If electrical defibrillation is required, the same voltage is
used as in the nonpregnant patient.

A N S W E R S

1. a. Cardiac output is increased in normal pregnancy, but
SVR and BP normally decline.

2. e. There is no decrease in oral opening in the pregnant
patient.

3. c. There is no “autoregulation” of uteroplacental blood
flow, thus hypotension can result in placental hypoperfu-
sion and fetal hypoxemia.

4. b. Seat belt use is not associated with an increase in mater-
nal or fetal injury in trauma.

5. c. Left uterine displacement is only done if gestation is
greater than 20 weeks and a wedge is only placed under
the left hip if there is no concern for lower spine injury.

6. b.
7. a. The Kleihauer–Betke test is of questionable clinical ben-

efit in the Rh-positive patient.
8. d. Cesarean delivery is not usually indicated in the case of

maternal arrest when the fetus is less than 24 weeks.
9. c. Awake fiberoptic intubation may be dangerous in the

combative, noncompliant patient.
10. e. Teratogenicity is not an issue during the third trimester

of pregnancy.
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11. a. Magnesium infusions potentiate the effects of muscle
relaxants for surgery.

12. e. Defibrillation requirements do not change with preg-
nancy.
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O R A L A N D M A X I L L O F A C I A L T R AU M A

Ketan P. Parekh and Cecil S. Ash

Objectives
1. Review the pathophysiology of maxillofacial trauma.
2. Discuss the surgical considerations for patients with facial trauma, including fractures of the

upper and lower jaws, orbits, facial lacerations, and midface fractures (LeFort fractures).
3. Review the implications of head and neck infections including Ludwig’s angina.

I N T R O D U C T I O N

Oral and maxillofacial surgeons (OMSs) are the surgical special-
ists of the dental profession. Their surgical expertise and thor-
ough understanding of both aesthetics and function uniquely
qualify them to diagnose, treat, and manage the conditions,
defects, injuries, and aesthetic aspects of the hard and soft tis-
sues of the oral and maxillofacial regions.

As an oral and maxillofacial surgeon, extensive dental and
medical training in the hospital-based environment is needed
to treat and repair injuries to the face. OMSs are experts in treat-
ing facial trauma, including fractures of the upper and lower
jaws and orbits and the cosmetic management of facial lacera-
tions. As an OMS, responsibilities also extend into performing
complex reconstruction of the maxillofacial and craniofacial
complexes.

Important to the training of the OMS is the acquisition
of knowledge and skill in advance and complex pain control
methods, including intravenous (IV) sedation and ambulatory
general anesthesia. An OMS resident receives up to 6 months
of operating room (OR) general anesthesia experience along-
side board-certified medical anesthesiologists. In addition, the
OMS receives extensive training and experience in the initial
and definitive care of the trauma patient, management of exten-
sive odontogenic infections of the head and neck, management
of oral pathologic lesions (such as cysts and tumors of the
jaws), diagnosis and management of dentofacial deformities
(congenital, developmental, or acquired), complex maxillofa-
cial preprosthetic surgery (including the use of dental implants),
reconstruction with bone grafts of missing portions of the jaws,
and management of facial pain and temporomandibular joint
disorders.

Injuries to the face, by their very nature, impart a high
degree of emotional, as well as physical trauma to patients. The

science and art of treating these injuries requires special train-
ing involving a “hands on” experience and an understanding of
how the treatment provided will influence the patient’s long-
term function and appearance. There are a number of possi-
ble causes of facial trauma. Motor vehicle accidents, accidental
falls, sports injuries, interpersonal violence, and work-related
injuries account for many facial traumas. Types of facial injuries
can range from injuries of teeth to extremely severe injuries of
the skin and bones of the face (see Figures 27.1–27.7, see also
color plates after p. 294). Typically, facial injuries are classified
as either simple or complex soft tissue injuries (skin and gums),
bony injuries (fractures), or injuries to special regions (such as
the eyes, nerves, or salivary glands).

D E N T OA LV E O L A R I N J U R I E S

Isolated injuries to teeth are quite common and may require
the expertise of various dental specialists. OMSs usually are
involved in treating fractures in the supporting bone or in
replanting teeth that have been displaced or “knocked out.”
These types of injuries are treated by one of a number of forms
of “splinting” (stabilizing by wiring or bonding teeth together).
If a tooth is knocked out, it should be placed in salt water, milk,
or Hank’s Balanced Solution when available. The sooner the
tooth is reinserted into the dental socket, the better the prog-
nosis. Dentoalveolar trauma may be classified into categories
based on treatment protocols. These categories include dental
avulsion, dental luxation and extrusion, enamel and crown frac-
ture, dental intrusion, dental concussion and subluxation, root
fracture, and alveolar bone fracture. Injuries to the teeth and
alveolar process should be considered emergency conditions,
because a successful outcome depends on prompt attention to
the injury. Therefore, the patient should see a dentist or OMS as
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Figure 27.1. Full thickness facial laceration through parotid duct. Note
the difficulty in identification of the duct within the laceration.

soon as possible. It is imperative that each tooth the patient had
before the accident is accounted for. If during clinical examina-
tion a tooth or crown is found missing and no history suggests
that it was lost at the scene, radiographic examination of the
oral soft tissues and chest and abdominal region is necessary to
rule out the presence of the missing piece within the tissues or
other body cavities.

Injuries to children’s teeth can be very stressful for children
as well as their parents. The peak period for trauma to the
primary teeth is 18 to 40 months of age, because this is a time
of increased mobility for the relatively uncoordinated toddler.
Injuries to primary teeth usually result from falls and collisions
as the child learns to walk and run. Dental trauma also may
occur as a result of an altercation, child abuse, or other causes.
Prompt treatment is essential for the long-term health of an
injured tooth. Obtaining dental care within 30 minutes can
make the difference between saving or losing a child’s tooth.

With the permanent teeth, school-aged boys suffer oral
trauma almost twice as frequently as school-aged girls. Sports

Figure 27.2. Propofol used to identify the duct after cannulation through
the mouth.

Figure 27.3. Complex lower facial soft tissue trauma after GSW.

accidents and fights are the most common causes of dental
trauma in teenagers. The upper (maxillary) central incisors are
the most commonly injured teeth. Maxillary teeth protruding
more than 4 mm are two to three times more likely to suffer
dental trauma in comparison with normally aligned teeth.

Figure 27.4. After tracheostomy and flap reflection, extensive soft tissue,
hard tissue, and dentoalveolar trauma is seen.
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Figure 27.5. Complex scalp degloving injury in an unhelmeted motor-
cyclist.

One of the most common causes of complaints against anes-
thesiologists is dental trauma during intubation. Warner et al.
[26] found that the frequency of tooth contact with the regular
Macintosh blade significantly increased with increases in the
scores for Mallampati classification, mandibular subluxation,
head and neck movement, interincisor gap, and upper teeth
condition. Teeth traumatized during intubation necessitate an

Figure 27.6. Tissue realigned, and rotational flaps utilized.

Figure 27.7. Primary repair of scalp laceration.

immediate dental consultation for evaluation and treatment.
Possible risk of dental trauma should be discussed with the
patient. A dental consult may also be obtained prior to intuba-
tion in the preoperative area. The goal in the treatment of any
dentoalveolar injury is reestablishing normal form and function
of the masticatory apparatus as well as aesthetics.

M A N D I B L E F R AC T U R E S

Classification

The history of mandible fractures dates as far back as 1600
b.c. in the writings of Edwin Smith papyrus, the world’s ear-
liest known medical document. Even Hippocrates was quoted
when describing the bandaging of fractures as a means of sta-
bilization in 400 b.c. Today the principles first described for
immobilization used by Hippocrates are combined with the
more modern advances of open reduction and internal fixation
to treat a variety of mandibular fractures. Mandible fractures
today still present a very unique problem to the OMS (Figure
27.8).

The mandible is the second most frequently fractured bone
of the face after the paired nasal bones. Of these fractures the
angle is the most commonly fractured site, followed by the body,
condyle, symphysis, ramus, coronoid, and alveolus. The ratio
of mandible to zygomatic to maxillary fractures is reported as
6:2:1. In a paper by Ellis [8] of 4,711 patients treated with facial
fractures, 45 percent had a fracture of the mandible. He found
that assault was the most common mechanism, followed by
motor vehicle accidents, falls, and sporting accidents. Males are
three to six times more likely to have a mandible fracture than
females. Forty to sixty percent of mandible fractures are asso-
ciated with other injuries. Ten percent of these are lethal. The
most commonly associated injury is to the chest, and cervical
spine (C-spine) injury is associated in 2.59 percent of mandible
fractures. Though the incidence is low for C-spine injury asso-
ciated with mandible fractures, missing this injury could be
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Figure 27.8. Mandibular fracture locations. (Modified from Dolan KD, Jacoby CG, Smoker WR. The radiology
of facial fractures. Radiographics 1984;4:575–663.)

detrimental. Condylar fractures at times can be displaced supe-
riorly with the fragment herniating through the roof of the
glenoid fossa into the floor of the middle cranial fossa, which
can be associated with a dural tear.

Mandibular fractures usually occur in two or more locations
because of the bone’s unique “U” shape. In treating mandibular
fractures, the rule is to suspect a second fracture until proved
otherwise. The fracture may occur at a site separately from
the initial site of the direct trauma. Fractures of the mandible
are often classified as favorable or unfavorable, depending on
the angulation of the fracture and the force of the muscle pull
proximal and distal to the fracture (Figure 27.9). The masseter,
medial pterygoid, lateral pterygoid, and the temporalis are the
muscles of mastication that act to produce mobility, support,
and function to the mandible. The directional pull of these
muscles of mastication will determine the stability of certain
fracture patterns. The masseter and temporalis muscles exert
an upward pull on the angle of the mandible, which will dis-
tract horizontally unfavorable fractures from each other in a
vertical dimension. The medial and lateral pterygoid muscles

exert a medial pull on the ramus of the mandible and will dis-
tract vertically unfavorable fractures medially. Because of the
strength of these muscles, displaced fractures often cannot be
reduced without the use of a paralytic agent.

The mandible may also be dislocated out of its fossa with-
out an associated fracture (Figure 27.10). Dislocation of the
mandible at times is spontaneous and can occur during a large
yawn. Patients usually present to the emergency department
(ED) or the OMS clinic in considerable pain. Due to spasms of
the masseter and pterygoid muscles, the condyles are directed
up the anterior aspect of the articular eminence preventing nor-
mal mouth closure. Treatment of this problem is usually based
on the frequency and/or ability of the patient to self-reduce ver-
sus the need for an OMS to reduce the dislocation. Reduction
of the mandible can be accomplished under local or IV sedation
and, under rare circumstances, general anesthesia with the use
of a paralytic agent. In severe cases, open joint surgery is indi-
cated (often bilaterally). With surgery, the temporal mandibular
joint (TMJ) ligaments can be tightened and the joint reshaped
to decrease future dislocations.

Figure 27.9. Lateral view of skull showing masseter muscle pull on an unfavorable fracture pattern on left and
favorable fracture pattern on right.
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Figure 27.10. Mandibular dislocation – the Condyle (c) is anterior to the
articular eminence (e). (Modified from Dolan KD, Jacoby CG, Smoker
WR. The radiology of facial fractures. Radiographics 1984;4:575–663.)

Treatment

Initial evaluation of facial fractures is part of the secondary sur-
vey when adhering to the Advance Trauma Life Support(ATLS)
protocol. Protection of the airway may require tracheotomy in
severe bilateral mandibular injuries in which the tongue is dis-
placed back into the airway. If no airway obstruction is noted
with the mandible fracture, the mandible should be evaluated
after the patient is stabilized and more acute life-threatening
injuries have been addressed

After the patient is stabilized, a complete head and neck
examination is required for evaluation of the facial trauma
patient. Palpation for step-off deformities, malocclusion, open
bite deformities, floor of mouth hematomas or ecchymosis,
crepitus, and chin and lip numbness are often found on exam-
ination in the patient with mandibular fractures. Missing teeth
may prompt a chest x-ray and lateral neck film to inspect the air-
way or cervical esophagus for a foreign body. Previous history of
asthma, psychiatric disorders, seizure disorders, malnutrition,
and gastrointestinal disorders causing severe nausea and vom-
iting may also lead the surgeon away from mandibulomaxillary
fixation (wiring of teeth together). At times emergent reduc-
tion and fixation is undertaken in the emergency department
to help with pain management and fracture stabilization until
definite treatment is completed.

Radiographic evaluation and interpretation is the next step
in confirming the diagnosis. The “Gold Standard” film in the
evaluation of mandible fractures is the panorex radiograph
(refer to Figure 27.11). This radiograph allows for evaluation
of fractures of the entire mandible in one view. In addition, the
stability and health of the teeth can be evaluated. A submen-

Figure 27.11. Panoramic radiograph or panorex of a mandibular frac-
ture.

tal vertex radiograph is useful for evaluation of the condyles
and subcondylar regions. A mandible series can be ordered if
a panorex is not available. If midface fractures are suspected in
the patient, a computerized tomography (CT) scan of the facial
bones can be used to evaluate the mandible (Figures 27.12 and
27.13, see also color plate for Fig. 27.13 after p. 294).

Treatment of mandible fractures initially entails a tetanus
toxoid booster as indicated by immunization records. Almost all
fractures can be considered open as they usually communicate
either with the skin, or oral cavity. Bacteria involved in associ-
ated infections of mandibular fractures include the normal oral
flora of aerobic gram-positive cocci, anaerobic gram-positive
cocci, and anaerobic gram-negative rods. Patients are routinely
placed on penicillin or clindamycin, for a minimum of seven
to ten days. Oral care should be instituted with half-strength
hydrogen peroxide rinses, or with 0.12 percent chlorhexidine
solution to help remove superficial bacteria.

A basic principle of orthopedic surgery also applies to treat-
ment of mandibular fractures, including reduction, fixation,
immobilization, and supportive therapies: Union of fracture
segments will only take place in the absence of mobility. Stabil-
ity of the fracture segments is key for proper healing, and the

Figure 27.12. CT scan of same patient as in Figure 27.11 with a mandibu-
lar symphysis and subcondylar fracture.
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Figure 27.13. Intraoral view of patient in trauma bay.

goals of treatment are to restore proper function by ensuring
union of the fracture segments.

Treatment options of mandible fractures can be rigid fixa-
tion, semirigid fixation, nonrigid (closed reduction), or obser-
vation. A restricted diet may also be the only treatment nec-
essary for a unilateral nondisplaced fracture of the condyle,
when normal occlusion exists. If the patient develops maloc-
clusion and/or pain, he/she may need to be managed with max-
illomandibular fixation (MMF) (Figure 27.14, see also color
plate after p. 294). MMF or closed reduction is also used for
severely comminuted fractures that heal better with the perios-
teum intact. MMF is also utilized in children, where open reduc-
tion may damage the developing tooth buds. Condylar fractures
treated with open reduction may also lead to damage of the tem-
poromandibular joint structure and function. These fractures
are also classically treated with MMF. MMF is contraindicated
in epileptics, alcoholics, asthmatics, and psychiatric and frail

Figure 27.14. Clinical view of patient with maxillomandibular fixation
in place.

patients who cannot tolerate their jaws being wired closed. The
mandible must be immobilized for 2 to 6 weeks for most frac-
tures. The average weight loss is 10 to 15 pounds.

Maxillomandibular fixation involves placement of arch bars
onto the gingiva of the maxilla and mandible. These bars are
fixed into place with a 24 G wire to the interdental spaces of the
teeth first molar to first molar. Once the arch bars are secure
and the fracture reduced with the patient in normal occlusion,
fish loops made of 26 G wire are placed to wire the mandible to
the maxilla into the desired occlusion. The fish loops are used
in selectively bringing correct opposing pairs of teeth together.
They have an application in children with mixed dentition, in
partially edentulous patients who will have additional forms of
fixation, and in patients who need temporary occlusion while
other methods are being applied such as plates or external pin
fixation.

In true rigid fixation, healing occurs primarily without cal-
lus formation, allowing early return of function. Classical indi-
cations for open reduction include malocclusion despite MMF.
Methods considered rigid fixation are the lag screw technique,
compression plating, reconstruction plates, and external pin
fixation. Miniplate fixation and wire fixation are types of semi-
rigid fixation. Open reduction with nonrigid fixation is more
forgiving and easier to place; it still requires MMF and is use-
ful in angle and parasymphyseal fractures. External pin fixa-
tion is usually necessary in comminuted fractures such as gun-
shot wound (GSW) injuries (Figures 27.15–27.17, see also color
plates after p. 294).

M I D FAC E F R AC T U R E S

Classifications

Fractures of the midface are most often associated with facial
trauma. The number one cause of these injuries is motor vehi-
cle accidents, followed by physical assault, falls, sports injury,
industrial accidents, and gunshot wounds. Diagnosis and treat-
ment of facial fractures is important to the OMS for a variety
of reasons. Fractures of the facial skeleton alter the patient’s
physical appearance and possibly may disrupt the function of
the patient’s masticatory system, ocular system, olfactory sys-
tem and nasal airway, and so forth. Precise anatomic reduction
and fixation of such fractures leads to superior functional and
cosmetic outcomes for the patient.

Though facial trauma does represent a serious injury, the
workup and treatment of facial fractures is usually delayed until
more critical issues have been addressed, such as establishment
of an airway, hemodynamic stabilization, and the evaluation
and treatment of other more serious injuries of the head, neck,
chest, abdomen, and extremities. In a patient with extensive
facial trauma with the possibility of skull base injury, endotra-
cheal intubation may be contraindicated and one must consider
a surgical airway if needed. Fortunately, only a small number of
patients with extensive facial trauma require a cricothyroido-
tomy or tracheotomy for their initial airway management. Also,
a patient who has sustained forces adequate for facial injury
must be assumed to have a cervical spine injury until proved
otherwise. Epistaxis may be problematic and hemodynami-
cally important. Hypovolemic shock or airway compromise can
result secondary to profuse bleeding. Although epistaxis can
have an anterior or posterior source, it most often originates
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Figure 27.15. A, View of GSW patient in trauma bay. Patient intubated by Life Flight prior to arrival. B, Significant hard and soft tissue damage to
lower jaw, extraoral view. C, Intraoral view of maxillary injuries.

in the anterior nasal cavity. Nasal bleeding usually responds to
first-aid measures such as compression. When epistaxis does not
respond to simple measures, the source of the bleeding needs
to be identified and treated appropriately. Treatments to be
considered include topical vasoconstriction, chemical cautery,
electrocautery, anterior nasal packing (nasal tampon or gauze
impregnated with petroleum jelly), posterior gauze packing,
use of a balloon system (including a modified Foley catheter),
and arterial ligation or embolization.

Once the patient is stabilized per the ATLS protocol, sec-
ondary evaluation with an accurate history and physical exam-
ination can take place. On physical examination one should
document the presence and location of lacerations, ecchymosis,
asymmetries, crepitus, tenderness, bony step-offs, and canthal
tendon disruption. Ophthalmologic examination deserves spe-
cial mention in the diagnosis and treatment of facial trauma.
Visual acuity is the most important ophthalmologic exam and
should be performed immediately. Traumatic optic neuropa-
thy, open-globe injuries, and retrobulbar hematoma are oph-
thalmologic emergencies. Monocular diplopia is an indicator of
possible unilateral globe or retinal injury and requires imme-
diate ophthalmologic consultation. It is important to docu-
ment visual acuity, pupillary function, and ocular mobility and
to inspect the anterior chamber for blood (hyphema) and the

fundus for gross disruption. Evaluation of extraocular move-
ments (EOMs) may be difficult or restricted by edema of the
soft tissues. At times, a forced duction testing is required if
the possibility of orbital entrapment exists. This is done by
grasping the sclera in the fornix and mechanically moving the
globe. Inhibition of the globe moving would be indicative of
entrapment and possible need for exploration (Figure 27.18, see
also color plate after p. 294; and Figure 27.19). After ophthal-
mologic evaluation, the face, ears, nose, mouth, and mandible
should be systematically examined. Check for asymmetry, facial
shortening, mobile midface, palpable step-offs, battle signs
(ecchymosis behind the ear), raccoon eyes (periorbital bruis-
ing/ecchymosis), skull base fractures or LeFort II, paresthe-
sia, rhinorrhea or otorrhea, traumatic blindness, hemotym-
panum, restricted EOM, septal hematoma, trismus, and dental
malocclusion.

Despite the best physical exam, radiologic imaging remains
an important step in the evaluation of a facial trauma patient.
If facial fractures are suspected, a high-resolution CT scan for
two- and three-dimensional reconstruction is the procedure of
choice. CT scanning of midface fractures offers a substantial
improvement over plain films that justify the increased cost.
The bones of the skull and face collectively make up the most
complex area of skeletal anatomy in the human body. This
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Figure 27.16. Three-dimensional CT scan showing extensive hard tissue
and dentoalveolar damage.

complex anatomy and fractures of the facial bones are shown
with great detail by CT, and soft tissue complications can be
evaluated to a far greater degree with CT (Figure 27.20, see also
color plate after p. 294; and Figure 27.21). Three-dimensional
CT reconstruction has been quite useful when planning treat-
ment or communicating the trauma to the patient or the family.

Figure 27.17. Six weeks postoperative view of patient with external pin-
fixation/distractor in place.

Figure 27.18. Clinical view of patient with a right orbital floor fracture,
with restricted superior gaze.

Figure 27.19. Coronal CT scan of same patient as in Figure 27.18 with
right orbital floor fracture.

Figure 27.20. Clinical view of patient in trauma bay with extensive mid-
face trauma.
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Figure 27.21. Three-dimensional CT scan of same patient as Figure 27.20 before (A) and after (B) repair.

Facial fractures most often occur in young males. The male-
to-female incidence of these fractures is 4:1. The most common
facial fracture is the nasal fracture, followed by the zygomati-
comaxillary complex (tripod fracture), and the LeFort I-II-III
when referring to the midface. Facial fractures are uncommon
in the pediatric population (less than 10%), possibly due to
the increased resiliency of a child’s facial skeleton or the smaller
relative dimensions of the midface compared with the cranium.

Rene LeFort, a Frenchman, in 1901 published papers on
the now famous classification of facial fractures. LeFort’s work
described the lines of weakness in the facial skeleton through
which most fractures occur. These lines where the facial bones
break in trauma have become known as the LeFort I, II, and III
fractures. This work served as the stepping stone for the devel-
opment of oral and maxillofacial surgery. In addition, these
fracture lines have also served as a guide for facial osteotomies
used to correct posttraumatic and congenital facial anomalies
(Figure 27.22A,B).

The LeFort I fracture essentially separates the lower max-
illa, including the alveolar ridge and teeth, from the rest of the
midface. The fracture classically travels through the inferior
portion of the piriform aperture. It separates the maxilla from
the pterygoid plates and nasal and zygomatic structures. The
characteristic finding is an anterior open bite due to the medial
and inferior traction of the medial and lateral pterygoids on
the mobile maxillary fragment. The maxilla may be mobile but
is often mildly impacted. The LeFort I fracture is sometimes
called a pyramidal fracture because of its shape. This type of
fracture includes the entire piriform aperture in the distracted
midface. LeFort II fractures are most often a result of forces
applied near the level of the nasal bones. The LeFort III, also
referred to as craniofacial disassociation fracture, consists of a

fracture line that passes through the lateral orbit superior to
the zygoma, which is attached to the maxilla. The bones of the
midface are essentially disarticulated from the cranium, giving
a characteristic dish face appearance. Invariably midfacial frac-
tures are combinations of the previously mentioned injuries,
such as a mixture of LeFort II/LeFort III complex.

The nose is the most frequently injured facial structure,
undeniably because of its prominent position on the face.
The physical exam is most accurate when performed prior to
posttraumatic edema. Palpation of the nasal bones may reveal
mobility or crepitus, indicating a nasal fracture. Any clots at
this time should be gently suctioned and minor bleeding can
be controlled with topical preparations. Visual inspection of
the septum must be performed to rule out a septal hematoma.
Septal hematomas require immediate evacuation and drainage
when discovered. If left untreated, septal hematomas can cause
fibrosis and narrowing of the nasal passages, distortion of the
septum, and/or formation of an abscess. They can also cause
pressure necrosis of the septum, leading to septal perforation
and eventually to complete necrosis with formation of a saddle-
nose deformity. The majority of nasal injuries are identified after
significant edema resolves in the multitrauma patient. There-
fore, with the exception of grossly displaced fractures, open
fractures, and septal hematomas, treatment of most nasal frac-
tures is delayed three to ten days to allow swelling to resolve.

The zygoma itself is a relatively strong bone and serves as
a buttress of the facial skeleton. A fracture of the zygoma itself
is quite rare, and most fractures are associated with weaker
suture lines associated with the zygomatic arch. Fractures of
the zygoma are more often associated with lateral trauma as
opposed to LeFort fractures, which result more from anterior
facial trauma. Due to the zygoma articulation with the maxilla,
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Figure 27.22. A, Frontal views of LeFort complex fractures I, II, and III. B, Lateral views of LeFort complex
fractures I, II, and III. (Modified from Dolan KD, Jacoby CG, Smoker WR. The radiology of facial fractures.
Radiographics 1984;4:575–663.)

frontal, and temporal bones, fracture patterns in this area are
sometimes referred to as zygomaticomaxillary complex (ZMC),
tripod, or trimalar fractures. Due to the zygoma association
with the orbit, fractures of the zygoma may cause orbital frac-
tures. Isolated orbital fractures do also occur, the most common
type being an orbital floor fracture or “blow-out” fracture. This
type of fracture is most often from an object that bypasses the
bony prominences of the zygoma and orbital rims and trans-
mits its force directly to the globe. This then causes increased
orbital pressure which, in turn, fractures the orbital floor or
medial wall. Less common are fractures of the lateral and supe-
rior walls of the orbit.

Naso-orbital-ethmoid (NOE) fractures are most often asso-
ciated with trauma to the central midface. NOE fractures con-
sist of a complex skeletal framework including bones of the
nose, orbits, maxilla and cranium. Fractures in this area involve
some of the most difficult and challenging of all facial fractures
to diagnose and treat. NOE fractures may be isolated or most
often found in combination with LeFort or Pan facial frac-
tures (maxilla and mandible). Fractures in this area cause a
collapse and telescoping of the nasal bones and ethmoids and
may lead to fracture of the cribriform plate. In such cases, naso-
gastric tube insertion would be risky due to the possibility of
disrupting the cribriform plate by inserting the tube intracra-
nially. Such a complication carries significant morbidity and
mortality. Intracranial placement of nasogastric tubes has been
reported multiple times in the literature, but intracranial place-
ment of a nasotracheal tube has been reported only twice. In
most cases the nasotracheal tube is too wide to penetrate the
cribriform plate. The suspicion level should also be high for
cerebral spinal fluid (CSF) rhinorrhea in all NOE fractures. A

common finding associated with comminuted NOE fractures is
traumatic telecanthus due to the disruption of the medial can-
thal tendon. Inadequate treatment and reduction will often lead
to permanent telecanthus, flattened nasal bridge, and rounding
of the palpebral fissure.

Frontal sinus fractures represent some of the least common
injuries that affect the facial skeleton. The incidence is 5 to 15
percent of all facial fractures. However, because the frontal area
makes up part of the brain case, the potential for fatality from
these injuries is much greater than with other facial fractures
(Figure 27.23, see also color plate after p. 294; and Figure 27.24).
During patient evaluation all frontal sinus fractures should be
regarded as head injuries. Significant intracranial injury occurs
more commonly with injury to the frontal sinus (12–17% of the
time) than with injury to the mandible or midface. A thorough
neurologic examination is extremely important. Neurosurgical
consultation should be obtained promptly if the presences of
abnormal neurologic studies, change in mental status, or brain
CT changes are observed.

Treatment

The goal of surgical treatment is to reestablish skeletal relation-
ships while restoring and preserving function of vital structures.
Most important are the restoration of dental occlusion, masti-
catory function, nasal function, ocular position, ocular mobil-
ity, and orbital volume. Aesthetics are important but secondary
to function. Whenever facial structures are injured, treatment
must be directed toward maximal rehabilitation of the patient.

The timing of repair for facial fractures is a subject of debate
and varies among the treating surgeons. At times, immediate
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Figure 27.23. Surgical exposure of a patient with a commented frontal
sinus fracture.

repair is completed in the stable patient, but a delay of 7 to 10
days may allow edema to decrease and provide easier manipu-
lation of bones and soft tissue during surgical repair. Waiting
longer than 14 days is not recommended because of possible
formation of fibrous unions in the fractured segments, making
extended delayed repair more difficult if not impossible. Con-
ditions that may warrant delayed repair are an unstable patient,
increased intracranial pressure (ICP), CSF leaks, Glasgow Coma
Score (GCS) of 5 or less, evidence of intracranial hemorrhage,
midline intracranial shift, and basal cistern effacement on CT.

As for midface fractures, a similar rationale to mandible
fractures is employed. A minimally displaced, comminuted
fracture can either be treated with MMF or by open reduction
and internal fixation (ORIF) if six weeks of MMF is not a viable
option for the patient. For the more comminuted or displaced
fractures of the midface, the status of the mandible may be vital
to the treatment. Traditionally, the plan of treatment for most
facial fractures was to begin with reduction of the mandible
fracture and work superiorly through the midface. The ratio-
nale was that the mandible could be most easily stabilized, and
the occlusion and remainder of the facial skeleton could be set to
the reduced mandible. However, with the advent and improve-
ment in rigid fixation techniques, facial fracture treatment may
begin in the area where fractures can be most easily stabilized
and progress to the most unstable fracture. The OMS attempts
to rebuild the face based on the concept that certain bony struc-
tures within the face provide the primary support in the vertical
and anterioposterior directions.

Multiple approaches are often required to achieve the neces-
sary exposure in cases where ORIF is required. Obvious meth-
ods of direct access through facial wounds are done when-
ever possible. Other common routes are coronal, hemicoronal,
midface degloving, transconjunctival, subciliary, Caldwell–Luc
approach, nasoantral window, labiobuccal, gillies, and lateral
brow incisions. Descriptive details of these approaches will not
be discussed. Regardless of the type of facial fracture or the sur-
gical approach used, the initial procedure should be to place the
teeth in the proper occlusion and then appropriately reduce the
bony fractures.

Figure 27.24. Postoperative three-dimensional CT scan after repair of
frontal sinus fracture.

Though timing of fracture repair may differ, the goals in
treatment of facial fractures remain the same: function and
cosmetic restoration and prevention of early and late complica-
tions including malunions, CSF leaks, globe injuries, extraocu-
lar movements (EOM) entrapment, epiphora, lacrimal injuries,
mucocele formation, brain abscess, osteomyelitis, and acute and
chronic sinusitis.

H E A D A N D N E C K I N F E C T I O N S

Head and neck infections are one of the most difficult problems
to manage for the OMS. These infections may present in con-
junction with facial trauma due to contamination, especially
with delayed treatment. Some infections may range from low-
grade, well localized infections that require only minimal treat-
ment to severe, life-threatening fascial space infections. OMSs
are usually the ones to treat head and neck infections of dental
origin. Even after the advent of antibiotics and improved den-
tal health, serious odontogenic infections still sometimes result
in death. These deaths occur when the infection reaches areas
distant from the alveolar process. Fortunately, the majority of
odontogenic infections are usually mild and easily treated by
local surgical treatment and antibiotic administration.

Head and neck infections of odontogenic origin are most
commonly part of the indigenous bacteria that are part of the
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normal oral flora. They are primarily aerobic gram-positive
cocci, anaerobic gram-positive cocci, and anaerobic gram-
negative rods. It is important to remember that most of these
infections are polymicrobial in nature, and it is not unusual for
up to eight different species to be identified in a given infection.
Antibiotics are used in an adjunctive role in treating patients
with odontogenic infections. Surgical treatment remains the
primary method of treatment in most patients.

When the infection spreads from the affected teeth it erodes
through the cortical plate of the alveolar process. A general rule
is that the infection will erode through the thinnest bone. Most
odontogenic infections penetrate the bone to become a vestibu-
lar (localized) abscess; on occasion they may erode into fascial
spaces. Primary fascial spaces include the canine/maxillary, buc-
cal, submandibular, and sublingual spaces. Maxillary odonoto-
genic infections that spread superiorly can lead to orbital celluli-
tis or cavernous sinus thrombosis. When bilateral submandibu-
lar, sublingual, and submental spaces are involved, it is known
as Ludwig’s angina, a life-threatening infection (Figures 27.25
and 27.26). If proper treatment is not received for infections
of the primary spaces, the infections may extend posteriorly to
involve the secondary fascial spaces. At this point the infections
become more severe, causing greater complications and greater
morbidity. Infections involving these spaces are very difficult
to treat without surgical intervention. Secondary fascial spaces

Figure 27.25. Clinical view of patient with Ludwig’s angina, a nasal trum-
pet was inserted to assist patient’s airway temporarily.

Figure 27.26. Axial CT view of same patient with Ludwig’s angina.

include the masseteric space, pterygomandibular space, and
temporal space. Extension beyond the secondary fascial space
is rare. However, extension from here leads into the deep cervical
spaces. Infections of the deep cervical spaces are serious and life-
threatening and require an immediate OMS consult and pos-
sible endotracheal intubation. Deep cervical spaces include the
lateral pharyngeal space and the retropharyngeal space. Infec-
tions in these areas pose the greatest potential complications:
skull base abscess/brain abscess, upper airway obstruction, aspi-
ration of pus into the lungs and subsequent asphyxiation, and
severe infection in the thorax.

Management of infections, mild to severe, always has five
standard goals: medical support of the patient, treatment with
proper antibiotics, surgical removal of the source, surgical
drainage with drain placement, and reevaluation. However, fas-
cial space infections require more extensive and aggressive man-
agement. An initial CT scan may be obtained that will demon-
strate the exact extent of the swelling and potential airway
compromise; it is an invaluable tool to both the OMS and anes-
thesiologist. However, patients who may potentially obstruct
their airway should be taken directly to the OR rather than risk
an emergent intubation in the radiology department. In the
OR, nasotracheal intubation (with a setup for emergent tra-
cheotomy or cricothyrotomy) is also an available option. The
anesthesiologist needs to be prepared for fiberoptic nasoendo-
tracheal intubation, possibly while the patient is awake due to
the limiting factor of airway protection during intubation. One
review reported that 67 percent of patients with Ludwig’s angina
required either anticipatory or emergent intubation.

AC K N O W L E D G M E N T S

Clinical photographs courtesy of Dr. Ketan Parekh, Chief Res-
ident, Oral and Maxillofacial Surgery, MetroHealth Medical
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Q U E S T I O N S

1. What is the single best radiographic imaging modality for
assessing mandible fractures?

a. Plain film panoramic radiography
b. Computed tomography
c. Magnetic resonance imaging
d. Bone scan

2. What is the single best radiographic imaging modality for
assessing maxillary (midface) fractures?

a. Plain film panoramic radiography (dental orthopanto-
mogram)

b. Computed tomography
c. Magnetic resonance imaging
d. Bone scan

3. Which of the following are considered to be ophthalmologic
emergencies in association with midface trauma?

a. Traumatic optic neuropathy
b. Lacrimal duct injury
c. Retrobulbar hematoma with optic nerve compression
d. All the above

4. Patient presents with a significant facial swelling due to
infection. What is the best radiographic imaging modality
to assess if there is any airway compromise?

a. Plain film panoramic radiography
b. Computed tomography with contrast agent
c. Computed tomography with no contrast agent
d. Magnetic resonance imaging

5. What sensory nerve distribution would you expect injury
with a midface LeFort II fracture?

a. Maxillary division of the Trigeminal (V)
b. Mandibular division of the Trigeminal (V)
c. Ophthalmic division of the Trigeminal (V)
d. Facial nerve (VII)

6. What is the incidence of C-spine injuries associated with
mandible fractures?

a. 2.6 percent
b. 10 percent
c. 26 percent
d. 42 percent

7. Patient has an uncomplicated mandible fracture with no
other injuries that the OMS plans to treat by closed reduc-

tion (wire maxilla and mandible closed – MMF). What
would be the preferred route of intubation?

a. Oral
b. Nasal
c. Emergent cricothyrotomy
d. Tracheostomy

8. What is the number one cause of midface fractures associ-
ated with facial trauma in the United States?

a. Physical assaults
b. Motor vehicle accidents
c. Falls
d. Sports injury

9. How soon must an avulsed tooth be reinserted into the den-
tal socket following dental trauma for the best prognosis?

a. 30 minutes
b. 45 minutes
c. 60 minutes
d. Time is not a factor; a tooth may always be reinserted.

10. Severe epistaxis may be treated by which of the following?

a. Nasal packing
b. Surgical ligation
c. Embolization
d. All the above

A N S W E R S

1. a
2. b
3. c
4. b

5. a
6. a
7. b
8. b

9. c
10. d
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D A M A G E C O N T R O L I N S E V E R E T R AU M A

Michael J. A. Parr and Ulrike Buehner

Objectives
1. Understand concept of damage control surgery (DCS).
2. Understand that reversal of lethal triad requires aggressive intervention for improved

outcome.
3. Understand staged physiological restoration (four stages).

S U M M A RY

The management of the multiply injured patient has been rev-
olutionized during the past century. Advances in prehospital
care, resuscitation, interventional radiology, and intensive care
medicine have all contributed to better trauma outcomes. The
damage control process of abbreviated laparotomy with rapid
control of hemorrhage and contamination has proved to be
effective to combat the physiologic failure associated with severe
blunt and penetrating injury.

This chapter reviews some of the key issues of damage
control surgery, highlighting the importance of a multidisci-
plinary team approach to optimize trauma patient manage-
ment.

I N T R O D U C T I O N

Damage control surgery (DCS) is abbreviated surgery per-
formed on selected critically injured patients. Definitive oper-
ative management is accomplished in a stepwise fashion based
on the patient’s physiologic tolerance; the objective is to gain
time to stabilize the severely traumatized patient and to opti-
mize their physiologic state before definitive repair. Rather
than restoring anatomic integrity, the rationale for DCS is
to minimize the metabolic insults of coagulopathy, hypother-
mia, and acidosis. Each of these three factors tends to exacer-
bate the others and interact to produce a downward metabolic
spiral: the bloody vicious cycle [36]. The concept of DCS
originally emerged from collective experience with major
abdominal injuries. Over the past decade, however, other sur-
gical subspecialties have adopted the DCS concept success-
fully.

H I S T O R I C A L B AC KG R O U N D

The fundamentals of damage control laparotomy was first
described by Pringle in 1908 and modified by Halsted in 1913,
who described packing liver injuries with a planned return to
theater following stabilization of the patient [26, 56]. In 1983,
Stone et al. popularized the technique of abdominal packing
and rapid temporary closure for patients with major intraop-
erative coagulopathy [69]. This proved to be lifesaving in pre-
viously nonsalvageable situations. Rotondo et al. refined the
technique and demonstrated a survival advantage in selected
patients [60]. Recently, Rotondo et al.’s three-stage approach
has been amended to a four-stage approach:

1. Early recognition of patients requiring damage
control

2. Salvage operation for hemorrhage and contamination
control

3. Intensive care management
4. Operation for definitive repair and reconstruction.

DA M AG E C O N T R O L S U R G E RY

The overriding principles of damage control surgery are:

1. Control hemorrhage
2. Prevent contamination
3. Limit sepsis
4. Protect from further injury.

Limited or staged procedures are aimed at prevention of
metabolic failure. In the severely traumatized patient pre-
hospital and emergency department (ED) times should be

4 3 1
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Table 28.1: Room and Equipment Preparation

Increase ambient room temperature

Monitoring equipment on standby

IV lines/transducers primed

Warmed IV fluids

Level 1™ or similar rapid infusion device

Blood warmers

Forced-air warming device

Humidified and warmed gas delivery

Documentation

minimized. Unnecessary investigations that will not imme-
diately affect patient management should be deferred. These
patients should be transferred rapidly to the operating room
without repeated attempts to restore circulating volume. They
require operative control of hemorrhage and simultaneous vig-
orous resuscitation with blood and clotting factors (Figure
28.1).

Prior preparation prevents poor performance and outcome.
To ensure this, early communication between trauma team
members, surgical subspecialties, and theater staff, intensive
care unit (ICU), blood bank, and the radiology department are
vitally important for effective and timely resuscitation and dam-
age control. In response, the resuscitation room in the emer-
gency department, the operating room, and ICU bed space
should be prepared for receiving the patient (Table 28.1). Key
factors for patient selection are listed in Tables 28.2 and 28.3.
Emphasis should be on the early implementation of damage
control principles guided by the patient’s injuries and physiol-
ogy (Table 28.4), as some of the indicators will predict the need
for DCS too late in the resuscitation process.

T H E T R AU M A T R I A D O F D E AT H

Hypovolemia as a result of exsanguinating hemorrhage leads
to hypothermia, coagulopathy, and metabolic acidosis, known

Severe trauma
& hemorrhagic

shock
Resuscitation

Pre-hospital & ED
Transient responder

& non-responder

DCS & Interventional
radiology

ICU resuscitation &
restoration of

physiological parameters

Responder

Definitive
surgery

Figure 28.1. Resuscitation and damage control surgery.

Table 28.2: Patient Scenarios for Damage Control Consideration

Penetrating abdominal injury with systolic BP <90 mmHg

High-velocity gunshot or abdominal blast injury

Polytrauma with major abdominal injury

Compound pelvic fracture with associated abdominal injury

Multiple casualties and limited resources

Military situations

BP, blood pressure.

Table 28.3: Predictive Indicators for Damage Control Surgery

Major hemorrhage >10 units of packed red blood cells

Severe wound contamination

An evolving lethal triad of:
■ Hypothermia, core temperature <34◦C
■ Acidosis, pH <7.2 or base deficit ≥8
■ Coagulopathy, APTT >60 sec

APTT, activated partial thromboplastin time.

Table 28.4: Indications for Damage Control Surgery

Inability to achieve hemostasis

Inaccessible major venous injury

Time-consuming procedure in the presence of suboptimal
resuscitation

Management of extraabdominal life-threatening injury

Reassessment of intraabdominal contents

Inability to close abdomen due to visceral edema/risk of IAH

IAH, intraabdominal hypertension.
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AcidosisAcidosisHemorrhageHemorrhage
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HypothermiaHypothermiaCoagulopathyCoagulopathy

Hypoxia
Cellular shock 

Figure 28.2. The bloody vicious cycle.

as the triad of death. It has also been described as “the bloody
vicious cycle” (Figure 28.2). One exacerbates the other, leading
to a downward spiral and death. Once metabolic failure has
become established, it is extremely difficult to control hemor-
rhage and correct the physiologic derangement.

Hypothermia

Hypothermia is a marker of profound injury and is also dele-
terious. It is often the inevitable result of severe exsanguinating
injury and subsequent massive resuscitative effort [61]. Severe
hemorrhage causing hypovolemia leads to tissue hypoperfu-
sion in the body. This means diminished oxygen delivery at the
cellular level and reduced heat generation. Clinically, hypother-
mia is important if the body temperature drops below 36◦C
for more than four hours [68]. It can lead to cardiac arrhyth-
mias, decreased cardiac output, increased systemic vascular
resistance, and left shift of the oxygen hemoglobin dissocia-
tion curve, and can induce coagulopathy by inhibition of the
clotting cascade [22]. The immune system is also impaired at
low temperature. Temperatures of less than 34.5◦C are associ-
ated with an increased prevalence of multiorgan dysfunction
and increased need for vasopressor and inotropic support. At
temperatures below 32◦C mortality approaches 100 percent
[55]. The trauma team should take every measure to prevent
worsening of hypothermia, which is aggravated by heat loss
either by conduction or convection due to environmental fac-
tors, impaired thermogenesis and exposure, and transfusion of
cold fluids in the emergency room or operating theater.

Passive external rewarming techniques include removal of
wet clothing and simple covering of the patient to minimize
convective heat loss [67]. Active external rewarming techniques
include fluid-circulating heating blankets, convective warm air
blankets and radiant warmers. Active core-rewarming tech-
niques include warmed airway gases, heated peritoneal or pleu-
ral lavage, warmed intravenous fluid infusion, and extracorpo-
real rewarming.

Coagulopathy

The pathogenesis of severe posttrauma coagulopathy is com-
plex and multifactorial. Every aspect of the normal clotting
mechanism is affected in a cold acidotic exsanguinating patient.
Traumatic coagulopathy is usually attributed to dilution with
intravenous fluid therapy, massive blood transfusion, progres-
sive hypothermia, and acidosis. Dilutional thrombocytopenia
is particularly common in patients who receive transfusion vol-
umes in excess of 1.5 times their blood volume. After replace-
ment of one blood volume, only about 35–40 percent of platelets
remain in circulation. In addition, the release of mediators
after tissue trauma activates multiple humoral systems, includ-
ing the coagulation, fibrinolysis, complement, and kallikrein
cascades. These in turn have wide-ranging effects on neu-
trophils, macrophages, platelets, and other cellular elements,
which provoke a multitude of changes in the body’s hemostatic
mechanisms. These same mechanisms are implicated in the
development of the systemic inflammatory response syndrome
and multiple organ failure [63]. Certain injuries, in particu-
lar, are known to interfere with the coagulation system. Brain
injuries have been shown to lead to coagulopathy, caused in
part by release of brain tissue thromboplastins after neuronal
injury [32, 52]. Similarly, long-bone fractures may be associ-
ated with hemostatic disorders [31]. In acidosis, endothelial
sloughing and subsequent activation of Factor XII results in
activation of procoagulant substances that may trigger dissemi-
nated intravascular coagulation (DIC). This process leads to an
imbalance of procoagulant and anticoagulant activity, result-
ing in over stimulation of coagulation. The initial response to
trauma also includes release of both platelet-activating factor
and arachidonic acid from cell membrane triglycerides. Both
are inflammatory mediators and cause a wide spectrum of
inflammatory responses. The balance between thromboxane
and prostacyclin is affected in the hypothermic state, resulting
in platelet dysfunction. Recently, it has become clear that one
of the key factors in systemic inflammatory response syndrome
(SIRS) is endothelial injury precipitating aberrant coagulation.
The endothelial impairment secondary to trauma and the inter-
action with the coagulation cascade and platelet activation leads
to reduction in antithrombin III and fibrinogen levels, thus
enhancing fibrinolysis. This is rapidly followed by a hyper-
active and dysfunctional fibrinolytic system. In the multiple-
trauma setting, bleeding from puncture wounds and multiple
injuries further aggravates the coagulopathic status, contribut-
ing to hypothermia [74].

Therapy of patients with coagulopathy after major trauma
should be rapidly initiated (Table 28.5). Medical management
begins with ensuring that adequate help and equipment (e.g.,
fluid warmers, pressure bags, and rapid infusors) are available
for the rapid administration of warmed fluid, blood, and blood
products. The blood bank should be informed as early as pos-
sible of large transfusion requirements. A “massive transfusion
policy” should guide rapid blood product availability during
DCS and intensive care (see Chapter 7). A single phone call for
activation should then result in the expedited delivery of blood
products to the operating room (OR). A reasonable approach
for a major trauma center would include the provision of up to
10 units of group O, non-cross-matched packed red blood cells
(PRBCs), 6 units of platelets, and 4 units of fresh-frozen plasma
(FFP) as the initial response [35]. The ongoing availability of
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Table 28.5: Strategies to Correct Coagulopathy

Reverse hypothermia

Maintain effective circulating blood volume and oxygenation

Reverse anticoagulants (vitamin K)

Replace coagulation factors with FFP (10–15 mL/kg)

Keep platelets >100 × 109 L−1

Replace fibrinogen if <1 g/L with cryoprecipitate

Reverse hypocalcemia with calcium (10 mmol)

Consider use of rFVIIa

Consider hemostatic adjuncts to promote coagulation/reduce
fibrinolysis (e.g., aprotinin, aminocaproic acid, tranexamic acid,
and desmopressin)

Repeat coagulation tests and blood count to guide therapy

FFP, fresh-frozen plasma.

blood products needs to be confirmed, particularly for hospitals
at a large distance from the central blood transfusion service.

The rheologic effect of anemia (bleeding time is inversely
related to hematocrit) is compounded by thrombocytopenia
less than 100 × 109 L−1, resulting in a prolonged bleeding
time [54]. During continued hemorrhage and especially if head
injury is present, the hematocrit should be maintained at more
than 30 percent and the platelet count at more than 100 × 109

L−1. Platelet counts of less than 100×109 L−1 can be anticipated
when between 1 and 1.5 blood volumes have been replaced. Ini-
tially, platelets will be given empirically and repeated according
to ongoing blood loss, transfusion requirement, and platelet
counts. When faced with massive transfusion and DCS, aim-
ing for an early platelet count greater than 100 × 109 L−1

will provide a margin of safety. With resolution of the aci-
dosis, coagulopathy, and hypothermia, lower platelet counts
(50–75 × 109 L−1) may be a more suitable level to aim for.
The requirement for FFP is less predictable because the labile
Factors V and VIII have wide normal ranges, and levels down
to 20 percent of normal may not result in coagulopathy if the
hematocrit and platelet count are maintained [54]. However, in
massive transfusion (defined as the replacement of one blood
volume in 24 hours) FFP should initially be given empirically
because any delay in blood component therapy for confirma-
tion of coagulopathy by laboratory tests would be detrimental
to the outcome (see Chapter 7). The transfusion of clotting
factors and platelets is essential until the consumptive process
resolves. The time-consuming nature of current coagulation
tests (40 min) compromises the optimal treatment of bleed-
ing. For clotting factors an additional 30 minutes is added for
thawing and transport. During this time the entire blood vol-
ume of the bleeding trauma patient may have been exchanged,
making the laboratory results obsolete. Furthermore, coagu-
lopathy in the hypothermic patient is often underestimated by
standard coagulation tests performed at 37◦C, and hence, an
abnormal coagulation profile may not be revealed [24, 42, 58,
59]. In practice, once one blood volume has been replaced,
10–15 mL/kg FFP (∼4 units) are given empirically and then a

ratio of 2:5 for FFP:PRBCs for ongoing blood loss. Two units
of FFP will achieve 30 percent factor activity in adults. If the
fibrinogen level falls below 1 g/L, 10 units of cryoprecipitate
(or equivalent fibrinogen concentrate) should be given as fi-
brinogen replacement. As a general rule, blood components
are administered until the prothrombin time (PT) and acti-
vated partial thromboplastin time (APTT) reach less than 1.25
times control levels, the platelet count is more than a 100 × 109

L−1, and the fibrinogen level is greater than 1 g/L, and/or bleed-
ing is controlled. Some abnormalities may be acceptable, how-
ever, provided bleeding is controlled and the risks of rebleeding
are small. Recently, a new adjunct to the treatment of coagu-
lopathy in trauma patients has been reported and is currently
undergoing a phase III trial (“CONTROL” trial). Recombi-
nant activated Factor VII (rFVIIa) was originally developed as
a prohemostatic agent for the treatment of bleeding episodes
in hemophiliac patients. rFVIIa is almost identical in structure
and activity to human factor VII [8] and its mode of action
makes it a promising agent for treating acquired coagulopa-
thy. rFVII becomes active after forming a complex with tissue
factor, located in the subendothelium and hence only exposed
to circulating blood after vessel injury. Formation of the tissue
factor–rFVIIa complex initiates activation of Factor IX and X,
inducing thrombin activation and faster formation of the fibrin
clots at the site of vascular injury. rFVIIa has been successfully
used as rescue therapy in moribund trauma patients in whom
standard procedures had failed to correct bleeding [37, 41, 44,
45]. It has been shown to reduce bleeding in swine liver injury
models [64]. The infusion of 150 µg/kg of rFVIIa results in a
155-fold increase in Factor VII clotting activity compared with
baseline. After meticulous surgical control of hemorrhage has
been attempted, in selected patients residual diffuse bleeding
may respond to antifibrinolytics (aprotonin, tranexamic acid,
and aminocaproic acid) and the vasopressin analogue (desmo-
pressin). Aprotinin, a serum protease inhibitor, has been effec-
tive in reducing blood loss in major cardiothoracic surgery,
major orthopedic surgery, and orthotopic liver transplantation
[7]. Tranexamic acid and aminocaproic acid, both competi-
tive inhibitors of plasminogen activation, are probably as effec-
tive as aprotinin in reducing blood loss but are poorly evalu-
ated. Desmopressin can be used to treat bleeding in patients
with congenital or acquired defects of platelet function. The
true roles of these agents in the major trauma setting have
not been evaluated in suitable trials; therefore, there is little
information available for safety and efficacy. Tranexamic acid
is currently undergoing evaluation in the Crash-2 study, a large
randomized placebo-controlled trial of the effects of antifibri-
nolytic treatment on death and transfusion requirement among
trauma patients with, or at the risk of, significant hemorrhage
(www.crash2.lshtm.ac.uk). The manufacturer of aprotinin has
suspended the marketing of this drug until a comprehensive
review of a Canadian study showing an increased risk of death
can be performed.

Acidosis

Metabolic acidosis describes any decrease in body pH not
caused by excess carbon dioxide but attributed to increased
hydrogen ion concentration. It is a reliable indicator of tis-
sue hypoxia and primarily the end result of reduced oxygen-
carrying capacity and/or decreased effective cardiac output
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(Figure 28.2). The acidosis may be due to ischemia or necrosis
from direct tissue injury or hemorrhage. Profound hypoper-
fusion causes decreased cellular substrate delivery and necessi-
tates conversion to anaerobic metabolism. This in turn leads to
lactic acid synthesis, which is potentiated by trauma-induced
catabolism. Lactic acidosis may be aggravated by impaired lac-
tate clearance due to a secondary hepatic ischemic injury post-
trauma. Lactic acidosis that is not cleared after 48 hours is
associated with a mortality rate of greater than 85 percent [1].
Ongoing acidosis after volume resuscitation and blood pres-
sure restoration is a grave prognostic sign. Metabolic acidosis
impairs hepatic blood flow and alters the normal coagulation
process, contributing to hemostatic and coagulation system dis-
orders. The associated base deficit is a valuable indicator of
shock and fluid requirements as well as a predictor of mortal-
ity after trauma [17]. Base deficit is defined as the amount of
base required by a liter of whole arterial blood to normalize the
pH to 7.4 at PCO2 of 5.3 kPA (40 mmHg), thereby reflecting
the severity of acidosis. The correction of this acidosis requires
control of hemorrhage and optimization of oxygen delivery,
initially by blood and fluid administration. Inotropic or vaso-
pressor support should only be considered if the patient does
not respond adequately to volume and red blood cell replace-
ment because of myocardial depression at a pH less than 7.2
[54]. The need for inotropes and vasopressors correlates with
poor outcomes for these patients. There is little evidence-based
research documenting the benefits of bicarbonate administra-
tion for the correction of a metabolic acidosis. Conversely, dele-
terious effects have been widely described in the literature [49].
Bicarbonate therapy is inappropriate when tissue hypoperfu-
sion or necrosis is present. Bicarbonate cannot cross the cell
membrane without dissociation; consequently the increase in
PaCO2 may result in intracellular acidosis and depression of
myocardial cell function. The associated decrease in plasma ion-
ized calcium may also cause a decrease in myocardial contractil-
ity. Convincing evidence in humans that bicarbonate improves
myocardial contractility or increases responsiveness to circu-
lating catecholamines is lacking. Two studies comparing saline
and bicarbonate in patients with pH more than or equal to
7.13–7.15 failed to reveal any difference in hemodynamics and
vasopressor requirements between equimolar concentrations of
bicarbonate in normal saline with either therapy [16, 46]. The
respiratory compensation of the acidosis puts a large burden
on the respiratory system and continued ventilatory support is
required. Some patients will have established acute renal fail-
ure and the early commencement of renal replacement therapy
may benefit these patients to achieve a faster correction of their
acidosis and to restore an optimal metabolic environment. Per-
sistent acidosis may represent reduced cardiac output, reduced
oxygen delivery, or abnormal oxygen utilization. It emphasizes
the need for continuous monitoring, repeated objective assess-
ment, and setting appropriate resuscitation endpoints [54].

I N T E RV E N T I O N A L R A D I O L O G Y

Modern trauma care involves a multidisciplinary approach to
patients with complex injuries. The traditional role of radiology
has been primarily diagnostic and noninvasive. The past decade
has seen major advances in interventional radiology, such that
therapeutic angiographic techniques now form an essential part

Figure 28.3. Native preembolization image of R internal iliac artery
demonstrating an area of active bleeding (white arrows) at the external
pudendal runoff.

of trauma care [12, 40, 57]. The goal of angiography in severely
injured patients is to identify and treat arterial hemorrhage in a
minimally invasive fashion, with preservation of organ function
and tissue. Transcatheter arterial embolization (TAE) has been
reported to be rapid and effective for the control of arterial
pelvic bleeding (Figures 28.3–28.6) and hepatic injury [14].

TAE is the intentional occlusion of an artery by deposi-
tion of thrombogenic materials directly into the vessel via an

Figure 28.4. Same image as Figure 28.3, but subtracted view.
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Figure 28.5. Native postembolization image of R internal iliac artery with
two steel coils in situ (white arrow).

angiographic catheter under remote control. A contrast blush
at CT and angiography indicates active arterial bleeding and
the need for embolization. Angiography before damage con-
trol laparotomy may be indicated to control retroperitoneal
pelvic hemorrhage in hemodynamically unstable patients who
have insufficient intraperitoneal blood loss to account for the
hemodynamic instability. Angiography after damage control
laparotomy should be considered when a nonexpanding, inac-
cessible hematoma is found at operation in a patient with a

Figure 28.6. Same image as Figure 28.5, but subtracted view.

coagulopathy. Extensive surgical exploration of the retroperi-
toneum may exacerbate blood loss, especially when a coagu-
lopathy coexists. Hence interventional radiology can be part of
both the initial phase of damage control (abbreviated resusci-
tative surgery for control of hemorrhage and contamination)
and in the later phase (reexploration of definitive manage-
ment of injuries). For these reasons, the interventional radi-
ology suite needs to change from a routine diagnostic area to
an acute resuscitation area. This move involves a combination
of infrastructure and protocol changes, such as installing mul-
tipurpose hemodynamic monitors, obtaining a dedicated ven-
tilator, stocking the room with resuscitation equipment, and
purchasing fluid warmers. Safe patient transfer to the angiog-
raphy suite requires a coordinated approach between intensive
care, surgical, and radiology staff. Hemorrhage associated with
pelvic trauma, with or without pelvic fracture, is common. Early
transcatheter embolization, within three hours of presentation,
has been shown to lower the mortality rate. Overall angiogra-
phy is required in fewer than 10 percent of patients with pelvic
trauma. When angiography is performed, extravasation (blush)
is seen in approximately 50 percent of these patients, warrant-
ing transcatheter embolization. The traditional treatment of
blunt splenic trauma has consisted of surgical splenectomy.
The trend to splenic salvage through nonoperative management
recognizes the important role of the spleen in preventing over-
whelming sepsis by the encapsulated organisms such as pneu-
mococcus. Helical CT can predict which hemodynamically sta-
ble patients may fail nonoperative management if extravasation
or posttraumatic splenic vascular injury is demonstrated. These
patients should be referred for transcatheter embolization of the
spleen [65, 66]. Analogous to splenic injury, the trend in blunt
hepatic trauma is nonoperative management of the hemody-
namically stable patient. Overall, the nonoperative success rate
has been reported as high as 89 to 98 percent. Patients who
are hemodynamically stable but show ongoing signs of hem-
orrhage (which occurs in 3% of patients) or have documented
extravasation on CT of the liver should undergo conventional
angiography of the liver. If these patients have angiographic
extravasation, pseudoaneurysm, arteriovenous fistula, or arte-
riobiliary fistula, transcatheter embolization of the abnormal
site should be performed [15, 25]. In trauma, the two embolic
agents of choice are metallic coils and gelatin sponges. Detach-
able coils include mechanical and electrolytic mechanisms of
detachment. These are ideal for occluding an aneurysm sac and
can be retrieved if placement is suboptimal. Gelatin sponges are
temporary occluding agents. The artery often recanalizes within
weeks to months. Gelatin sponges are useful when a more distal
occlusion is necessary or when multiple collateral channels are
present.

T H E F O U R P H A S E S O F D C S ( F I G U R E 2 8 . 7 )

Phase 1: Emergency Department

Initial Assessment and Primary Resuscitation
The primary goal of this phase is the rapid assessment of the

multiply injured patient by the emergency medical services at
the scene and the expedient transfer to the nearest trauma cen-
ter. Time is imperative once the team assesses a patient’s injury
pattern (Table 28.6) and physiology as critical to then initi-
ate damage control priniciples [11]. As soon as exsanguinating
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Table 28.6: Rapid Identification of Exsanguinating Hemorrhage

Monitoring/observations

Clinical examination/primary survey ABCDE

Essential investigations
■ X-ray: chest, pelvis, C-spine
■ FAST
■ Bloods: cross-match, coagulation, FBC, U&E, glucose, ABG

FAST, focused assessment by sonography in trauma; FBC, full blood count;
ABG, arterial blood gas; U&E, urea and electrolytes.

hemorrhage is identified in the primary survey, a speedy
transition from the emergency room to the operating room
for hemorrhage control is essential. Important steps in this
phase include obtaining large-bore intravenous access, rapid
sequence intubation for airway control, naso- or orogastric tube
placement, urinary catheter and chest tube placement, early
rewarming maneuvers, and early blood product resuscitation
(Table 28.7).

Phase 2: Operating Room – DCS

The goal of phase 2 of damage control is to stop hemorrhage,
limit contamination and subsequent inflammatory response,
and achieve temporary abdominal wall closure to protect vis-
cera and reduce heat loss. The OR must have essential equip-

Phase1
Rapid transfer to hospital
Recognize severely injured patient with active hemorrhage
Initiate damage control – stop hemorrhage rather than over-resuscitate
Inform theater, anesthetist, and blood bank (massive transfusion protocol)
Prevent hypothermia
Measure arterial blood gases to determine pH and base deficit
Rapid transfer to operating room      

Phase 2
Operating room (warmed)
Prevent hypothermia
Control hemorrhage and contamination
Intra-abdominal packing
“Vac pack” dressing
Rapid temporary abdominal closure
Communicate with Anesthetist (pH, base deficit, Hb, core temperature)
Handover to Intensivist 

Phase 3
Resuscitation in ICU
Rewarming
Reverse coagulopathy
Optimize perfusion and ventilation
Correct acidosis and blood volume

Phase 4
Return to operating room
If major blood loss continues
For washout and further debridement
Planned second look at 12–48 hours once physiology is stabilized
Definitive surgery

Figure 28.7. The damage control process.

Table 28.7: Initial Treatment in the Emergency Department

Airway/RSI/intubation/oxygenation

IV access/arterial line

IV fluid resuscitation – according to hemodynamics

Blood products – PRBCs, FFP, cryoprecipitate

Inotropes/vassopressors

Warming/maintaining body temperature

Communicate with OR and ICU teams, blood bank

Rapid transfer to OR

RSI, rapid sequence induction and intubation; PRBCs, packed red blood
cells; FFP, fresh-frozen plasma.

ment ready (Table 28.8). The patient should be positioned
supine on the operating table with the upper extremities at
right angles. The anterior chest wall should be kept free of leads
and tubing if a median sternotomy or resuscitative left thora-
cotomy is needed. The surgical incision should not be delayed
for insertion of monitoring devices (arterial and central venous
catheters). In view of the large body surface exposure, a heating
mattress may be more practical for heat conservation than a
forced-air warming device. In cases of abdominal hemorrhage,
the abdomen should be quickly explored. If the patient has had a
previous midline laparotomy, a bilateral subcostal incision can
give rapid access to the peritoneal cavity away from the antic-
ipated midline adhesions that can then be separated quickly
under direct vision. Once in the abdomen, a large handheld
abdominal wall retractor can create space for extensive packing
of all four quadrants. Removal of packs should occur sequen-
tially, beginning in the areas least likely to harbor the source of
major hemorrhage. This provides space to pack the bowels away
from the areas of bleeding and maximizes exposure. Exposure
is the key step in the abbreviated repair of abdominal vascular
injuries. Packing alone is adequate for some vascular, specifi-
cally venous, injuries. If the injury is amenable, rapid arterial or
venous ligation is the treatment of choice. Almost every abdom-
inal vessel can be ligated with limited morbidity [20]. However,
ligation of the main aorta, external iliac arteries, and proximal
superior mesenteric artery are associated with life-threatening
tissue and/ or bowel ischemia. After controlling the hemor-
rhage, the next priority is to limit contamination (Table 28.9).
Controlling spillage of intestinal contents and urine from hol-
low viscous injuries is crucial prior to repacking of the abdomen
with focus on raw surface areas that can become the source of
massive blood loss in the coagulopathic patient. Packing should
provide adequate tamponade without compromising venous
return to the heart or distal arterial supply [56].

Abdominal closure is the final step in the initial laparo-
tomy. Temporary closure aims to contain abdominal vis-
cera, prevent hypothermia, control abdominal secretions, and
prevent intraabdominal hypertension (IAH) and abdominal
compartmental syndrome (ACS). The formal closure of the
abdominal fascia after damage control laparotomy has been
associated with increased risk of ACS, adult respiratory distress
syndrome (ARDS), and multiple organ failure (MOF). All result
from postoperative reperfusion injury and ongoing capillary
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Table 28.8: Essential Equipment for DCS

Abdominal tray (self-contained abdominal wall retractors,
laparotomy packs)

Vascular tray (aortic cross-clamp, Spencer Wells forceps)

Thoracic tray (sternal saw, thoracostomy tubes)

Balloon catheters of various sizes

OR towels

Topical hemostatic agents

Adhesive plastic

Suction drains

leakage, causing intestinal and abdominal wall edema. Several
techniques have been suggested for abdominal closure. The
simplest option is a rapid whip-stitch to the abdominal wall
by using a large nylon suture. This, however, is not the pre-
ferred technique because it results in tissue tension and IAH
[70]. Often, the increased capillary permeability of traumatic
shock and concurrent fluid resuscitation produce significant
visceral edema. If extensive edema is present, a temporary silo
is fashioned from plastic using a large 3-L sterile irrigation bag,
also known as the “Bogota bag.” The bag is cut along its seams
and attached to the edges with towel clips or sewn with a con-
tinuous nylon suture.

Complex hepatic, retroperitoneal, pelvic, or deep muscle
injuries may not be amenable to operative control or require
lengthy exploration in a coagulopathic patient. Interventional
radiology (IR) may be needed to achieve hemodynamic stability
[21]. Early communication with the IR team is important to
maintain damage control strategies.

Complications of DCS
With the widespread success of damage control laparotomy,

ACS has emerged as a significant problem. Recent studies iden-
tified ACS as an independent predictor of MOF and demon-
strate that the prevention of ACS decreases the incidence of
MOF [4–6]. Recently the second World Congress on Abdomi-
nal Compartment Syndrome (WCACS, www.wsacs.org) agreed
on the following consensus ACS definition: the presence
of both

1. Sustained increase in intraabdominal pressure (IAP)
greater than 20 mmHg with or without an abdominal
perfusion pressure (APP) less than 60 mmHg

2. Single- or multiple-organ system failure, which was not
previously present.

Primary ACS (formerly termed surgical, postoperative,
or abdominal) is defined as a condition associated with
injury or disease in the abdominopelvic region that frequently
requires surgical or angioradiologic intervention, or a con-
dition that develops following abdominal surgery. Examples
are the following: abdominal organ injuries that require surgi-
cal repair or damage control surgery secondary to peritonitis,
bleeding pelvic fractures, or other causes of massive retroperi-
toneal hematomas and liver transplantation.

Table 28.9: Aims of Surgery

Control of hemorrhage

Control of contamination

Thorough exploration of abdomen

Intraabdominal packing

Temporary closure

Secondary ACS (formerly termed medical or extraabdom-
inal) refers to conditions that do not originate from the
abdominopelvic region, such as sepsis and capillary leak, major
burns, and other conditions requiring massive fluid resuscita-
tion [3, 9, 33, 39, 47]. Shock and ischemia will result in globally
increased capillary permeability because of activation of inflam-
matory cells and release of mediators, especially in the setting of
reperfusion injury [38, 39, 43]. There are no abdominal injuries
to draw the clinician’s attention to the abdomen. Recognition
is often delayed. Here, abdominal content is increased by bowel
edema and ascites [38]. Pertinent factors affecting fluid volume
of the abdomen after goal-directed shock resuscitation [48, 50]
have been identified as the rate of infusion, type of fluid infused,
magnitude of capillary leak, and the colloid oncotic pressure.
The importance of prompt hemorrhage control for blood loss
can therefore never be emphasized enough.

Recurrent ACS (formerly termed tertiary) refers solely to
the condition where ACS develops following prophylactic or
therapeutic surgical or medical treatment of primary or sec-
ondary ACS.

The Pathophysiology of ACS
Intraabdominal pressure is primarily determined by the

volume of the viscera and the intracompartmental fluid. The
abdominal cavity has a great tolerance to fluctuating volumes
with little rise in IAP. Adaptation can occur over time as seen
in patients with ascites, large ovarian tumors, and pregnancy.
The causes of acutely increased IAP are usually multifactorial.
Common causes are:

■ Trauma and intraabdominal hemorrhage
■ Abdominal surgery
■ Retroperitoneal hemorrhage
■ Peritonitis (pancreatitis, recurrent abscess)
■ Massive fluid resuscitation (5 L of fluid in a 24-hour

period)
■ Ileus

Independent Risk Factors
Both primary and secondary ACS are early events and her-

ald impending MOF. Organ dysfunction that typifies ACS can
occur at urinary bladder pressures (UBP) less than 25 mmHg,
whereas some patients with UBP more than or equal to 25
mmHg do not develop any symptoms. Hence, the decision for
decompression is not only based on UBP measurements, but
also takes into account potential risk factors of ACS, such as
severe hemorrhagic shock, damage control laparotomy, fascial
closure after damage control laparotomy, and decreased (gas-
tric mucosal) interstitial pH. Balogh et al. found that primary
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Table 28.10: Key Goals of Intensive Care

Rewarming

Correct coagulopathy

Optimize hemodynamics (fluid/blood product transfusion)

Ventilatory support

Nutritional support

ACS monitoring

Injury identification (secondary/tertiary survey)

Safe transfer to radiology for diagnostic or therapeutic purposes

ACS, abdominal compartmental syndrome.

and secondary ACS patients developed the same symptoms and
predecompression physiology, but their injury pattern, resus-
citation, and hospital times were different [5]. Primary ACS
predictors upon ICU admission appeared to be hypothermia,
low hemoglobin concentration, and a high base deficit, whereas
secondary ACS predictors included a large crystalloid fluid infu-
sion volume and impaired renal function.

Prevention
Prevention starts early in the resuscitation process with

identification of the patient at risk of ACS. Continuing crys-
talloid loading in the face of ongoing hemorrhage sets the stage
for the bloody vicious cycle. Therefore, the first step is to extend
standardized shock resuscitation to the ED, OR, and IR suites.

This should prevent indiscriminate crystalloid loading.
Blood transfusions should be used preferentially, and in exsan-
guinating hemorrhage, early FFP administration is recom-
mended to minimize dilutional coagulopathy [10, 30]. Hemor-
rhage control is paramount. With damage control laparotomy,
novel hemorrhage control techniques such as application of
topical fibrin sealant materials can be important adjuncts to
reduce the need for bulky packing. Hypothermia, an indepen-
dent predictor of primary ACS, should be prevented by infusion
of warm fluids/blood, use of forced-air warming devices, and
heated, humidified air in ventilated patients. The timely min-
imally invasive stabilization of long-bone and pelvic fractures
reduces blood loss and prevents further amplification of the
inflammatory response. The concept of damage control ortho-
pedics focuses primarily on hemorrhage control and other life-
saving measures. Complex reconstructive work is delayed until
the patient is better able to withstand the additional trauma
[27–29, 53, 72]

Treatment
The primary treatment is decompressive laparotomy to

increase the volume of the abdominal cavity and decrease
abdominal contents by evacuating retained blood and removal
of unnecessary packs. In selected patients, an alternative is to
decrease abdominal volume by peritoneal drainage, for exam-
ple, drainage of ascites in burn patients and nonoperative
management of liver injuries (biliary drainage). In case of a
decompressive laparotomy, the next treatment challenge will be
the “open abdomen.” Recent experience with vacuum-assisted

Table 28.11: Monitoring Endpoints of Resuscitation

Core temperature (core-peripheral gradient)

Coagulation

Arterial base deficit

Lactate concentration

Mixed venous hemoglobin O2 saturation

Oxygen delivery index

Gastric mucosal pH

wound closure indicated early fascial closure to be achieved in
more than 85 percent of these patients with minimal compli-
cations [71].

Phase 3: Intensive Care Unit – Secondary Resuscitation

Secondary resuscitation takes place in the intensive care unit
(Table 28.10). Early communication with the ICU team regard-
ing details of the trauma, current resuscitation, and surgical
intervention is important in order to prepare for optimal care
of the patient. The primary goal of this phase is the prevention
of the trauma triad of death: hypothermia, coagulopathy, and
acidosis. This may include preparing an isolation room to high
ambient temperature, preparing warming devices, obtaining
warm fluids, and setting up special equipment (e.g., ventila-
tor and/or dialysis machine). The major immediate concern
after initial laparotomy is the correction of hypothermia by
extensive rewarming techniques. Heat loss during major trauma
laparotomy may be as high as 4.6◦C per hour despite aggressive
attempts to limit heat loss [13]. Hypothermia, or core temper-
atures less than 35◦C, can affect all systems of the body. Of
primary concern in the trauma patient are platelet dysfunction
and disruption of the coagulation cascade. Despite aggressive
replacement of clotting factors and platelets, normal coagula-
tion may not occur until the core temperature exceeds 34◦C
[58].

Monitoring Resuscitation Endpoints
The response to therapy is monitored initially by observing

vital signs and urine output. However, even in young trauma
patients, these signs may be unreliable and fail to demon-
strate significant cardiac depression [62]. These patients may
therefore benefit from more invasive monitoring (e.g., SvO2

and PA catheter) or other noninvasive (e.g., echocardiography)
repeated assessments of cardiac filling and cardiac contractil-
ity. Other resuscitative endpoints include serum lactate and base
deficit, mixed oxygen saturation, and gastric mucosal pH (Table
28.11) [73].

C O M M U N I C AT I O N

Critically important for the management of DCS and an opti-
mal outcome for the severely injured patient is early and effec-
tive communication between the treating teams. The compre-
hensive assessment of all injuries, the timely availability of blood
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Table 28.12: Secondary Complications

Systemic inflammatory response syndrome (SIRS)

Disseminated intravascular coagulopathy (DIC)

Secondary abdominal compartmental syndrome (ACS)

Multiorgan dysfunction syndrome/multiple organ failure
(MODS/MOF)

Acute lung injury/acute respiratory distress syndrome (ALI/ARDS)

Ventilator-associated pneumonia (VAP)/nosocomial infection

Wound infection

Deep vein thrombosis/pulmonary embolus (DVT/PE)

products, the coordinated return to the OR for definitive care or
urgent interventions to save life depends on clear communica-
tion between the emergency physicians, surgeons, anesthetists,
intensivists, radiologists, hematologists, nurses, and laboratory
staff. This is often overlooked and is an area of trauma care that
can be improved. Given the critical condition of DCS patients,
it is not surprising that the overall mortality rate is high (12–
67%) and complications are frequent (Table 28.12) [67]. How-
ever, many complications are predictable and can be reduced
by implementation of strategies during the intensive care phase
that are analogous to the surviving sepsis campaign guidelines
but applied to severe trauma (“surviving trauma guidelines”)
(Table 28.13).

All patients should have IAP measured to recognize early
the development of IAH and the abdominal compartmental
syndrome. Stress ulcer prophylaxis with an H2-blocker or pro-
ton pump inhibitor should be commenced on admission to
ICU.

Enteral nutrition is also protective but may be better delayed
until the acidosis is corrected and the splanchnic perfusion is
considered adequate. Compression stockings and calf compres-
sors alone will provide deep vein thrombosis (DVT) prophylaxis
until the coagulopathy is corrected and low-dose SC heparin
therapy is safely added.

These patients are at high risk of acute respiratory distress
syndrome because of chest trauma, aspiration, large IV fluid
administration or transfusion-related lung injury (TRALI), in
which case a lung protective ventilatory strategy will be appro-
priate [2]. Positioning the patient head up will reduce the inci-
dence of nosocomial pneumonia. Antimicrobial prophylaxis
should be kept to a minimum [18, 19, 51]. The rational, tar-
geted use of antibiotics for proved infections in conjunction
with infection control measures is important to prevent bacte-
rial resistance.

General nursing and pressure area care must be meticu-
lous and neuromuscular blocking agents should, in general,
be avoided because of the risk of prolonged neuromuscular
blockade and critical illness neuromyopathy following discon-
tinuation. Any longer-term neuromuscular blockade should be
regularly assessed with “train-of-four” monitoring.

Injuries can be missed in the secondary survey because the
signs and symptoms were masked by other injuries, drugs, alco-
hol, or an altered level of consciousness. Therefore, a tertiary

Table 28.13: Surviving Trauma Guidelines

F Feeding

A Analgesia

S Sedation break

T Thromboprophylaxis

H Head up 30◦ to 45◦

U Ulcer prophylaxis

G Glucose control

+
IAP measurement

Protective ventilatory strategies

Tertiary survey

+
Antibiotic guidelines

M Microbiology guides therapy wherever
possible

I Indications should be evidence based

N Narrowest spectrum required

D Dosage appropriate to the site and type of
infection

M Minimize duration of therapy

E Ensure monotherapy in most situations

IAP, intraabdominal pressure.

survey should be performed within 24 hours to ensure that all
injuries have been identified, and the priorities of interventions
and ongoing management are agreed on [23, 70].

Phase 4: OR – Definitive Surgery

The primary objectives of phase 4 are definitive organ repair and
facial closure if possible (Table 28.14). Physiologic homeostasis
is usually only achieved after 24 to 36 hours, even with aggres-
sive ICU management. Generous irrigation of the abdominal
cavity is important prior to careful removal of the packs, taking
special care of raw surfaces so that clotting is not disrupted.
The reexploration of the abdomen allows a reassessment of
the repairs made during damage control phase 2 and helps to
identify missed injuries. Formal vascular repairs are now per-
formed and intestinal continuity restored. Once all repairs are
completed, formal abdominal closure without tension is the
final step in the planned reoperation sequence [11]. However,
persistent edema within the retroperitoneum, bowel wall, and
abdominal wall can make primary closure impossible at this
stage.

If the bowels are above the level of the skin when viewed
from across the operating table a low-tension primary closure
is unlikely. In this case, the fascia should be left open and the
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Table 28.14: Aims of Definitive Surgery

Timing critical (window period 36–48 hours posttrauma)

Abdominal packs are removed

Thorough exploration for hidden injuries

Restoration of gastrointestinal continuity

Formal vascular repair

Provision for enteral feeding (jejunostomy or gastrostomy)

Washout with warmed isotonic fluid

Attempt at primary definitive closure

Abdominal wall reconstruction

Plastic surgery (skin grafts, free flap)

vacuum pack dressing applied. The patient returns to ICU.
Aggressive diuresis for the next few days should help to decrease
bowel and body wall edema. Most open abdomens can be pri-
marily closed in 7 to 10 days, especially if intraabdominal infec-
tion is absent.

C O N C LU S I O N

Damage control surgery is a significant advance in trauma
patient management. It involves a move from attempting defini-
tive repair of all injuries to focused hemorrhage and contam-
ination control and delayed definitive repair. This principle is
based on the recognition that more patients die of the triad
of hypothermia, coagulopathy, and acidosis than of a failure
to complete operative repairs [54]. If the patient is to survive,
definitive surgery has to wait until physiologic homeostasis has
been achieved. The correction of the physiologic parameters
should occur over a period of hours in the ICU and result in
reversal of metabolic failure. A multidisciplinary approach with
excellent communication is needed to optimize outcome.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Damage control surgery is:

a. Definitive surgery performed on the severely traumatized
patient

b. Abbreviated surgery performed on every severely trau-
matized patient

c. A way of gaining time to optimize the physiologic state of
the severely traumatized patient before definitive surgical
repair

d. Minor surgery performed on selected critically injured
patients

e. A concept that emerged from the collective experience
with major thoracic injuries

2. The “lethal triad” is a term used to describe the metabolic
insults of:

a. Hypoxia, hypovolemia, hypothermia
b. Hypothermia, hypercoagulopathy, acidosis
c. Coagulopathy, hypoglycemia, hypovolemia
d. Coagulopathy, acidosis, hypothermia
e. Hemorrhage, hypothermia, hypoxia

3. Regarding the abdominal compartmental syndrome (ACS)

a. Decompressive laparotomy is the last resort
b. Secondary ACS is usually recognized early
c. Primary and secondary ACS lead to the same symptoms

because of their similar mechanism.
d. Normothermia, low Hb concentration, and high base

deficit are predictors of secondary ACS
e. Recurrent ACS develops following surgical or medical

treatment of primary or secondary ACS

4. Hypothermia in multitrauma patients can result in:

a. Cardiac arrhythmias and delta waves on the ECG
b. Reduced systemic vascular resistance
c. Right shift of the oxygen hemoglobin dissociation curve
d. Hypercoagulopathy
e. Greater than 95 percent mortality at temperatures less

than 32◦C

5. Coagulopathy:

a. After trauma is occasionally attributed to dilution with
intravenous fluid therapy, massive blood transfusion,
hypothermia, and acidosis

b. Is frequently caused by brain injuries
c. Results after replacement of one adult blood volume

because only 20 percent of platelets remain in the cir-
culation

d. Results from the release of mediators after tissue trauma
which also lead to the development of systemic inflam-
matory response syndrome, and multiple-organ failure

e. Should routinely be managed with antifibrinolytic
agents.

6. Acidosis in trauma

a. Metabolic acidosis is an unreliable indicator of tissue
hypoxia

b. Lactic acidosis not cleared after 48 hours is associated
with a mortality rate of about 50 percent

c. Ongoing acidosis after restoration of volume and blood
pressure has a poor prognosis

d. Trauma-induced catabolism prevents lactic acid synthe-
sis

e. Tissue hypoxia leads to aerobic metabolism resulting in
lactic acid synthesis

7. The damage control process

a. Has five distinct phases
b. Phase 2 is resuscitation in ICU
c. Phase 3 is definitive surgery
d. Patients for DCS should be rapidly transferred to OR

without repeated attempts to restore circulating volume
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e. Principles include sepsis limitation and immediate
restoration of all anatomical integrity

8. Interventional radiology

a. Is contraindicated in the initial phase of damage control,
especially in the coagulopathic patient

b. Transcatheter arterial embolization (TAE) can provide
rapid effective control of arterial pelvic bleeding and hep-
atic injury

c. A contrast blush at angiography indicates a venous bleed
and need for embolization

d. Splenectomy is the preferred method of hemorrhage con-
trol in blunt splenic injuries

e. Two embolic agents of choice are plastic coils and gelatin
sponges

9. Damage control surgery complications

a. At the initial laparotomy complications are reduced
when the abdomen is formally closed regardless of intra-
abdominal pressure

b. Intraabdominal pressure is primarily determined by the
volume of the viscera and intracompartmental fluid

c. ACS can be defined as a urinary bladder pressure greater
than 25 mmHg

d. In recent studies ACS has been refuted as an independent
predictor of multiorgan failure

e. Primary ACS predictors include massive blood transfu-
sion and impaired renal function

10. Resuscitation on ICU

a. All severely injured patients should have IAP measured
in order to recognize the development of ACS early

b. First priority is correction of acidosis with bicarbonate
administration

c. Early administration of parenteral nutrition improves
outcome

d. Normalization of coagulation may not occur until core
temperature reaches 36◦C despite administration of clot-
ting factors and platelets

e. The gastric mucosal pH should be monitored in all pa-
tients
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H Y P O T H E R M I A I N T R AU M A

Eldar Søreide and Charles E. Smith

Objectives
1. Provide a thorough understanding of the clinical impact of hypothermia in trauma

patients.
2. Provide a clinically useful guide to the differentiation between mild, moderate, and severe

trauma-associated hypothermia.
3. Present the current knowledge on prevention and treatment of hypothermia in trauma victims,

with a special focus on critical bleeding.
4. Understand the mechanisms and the diagnosis and treatment of accidental hypothermia with

and without asphyxia.

I N T R O D U C T I O N

The anesthesiologist can play many important roles in the
Trauma Chain of Survival (Figure 29.1). In some systems, the
contribution of the anesthesiologist is limited to perioperative
care, while in other systems the anesthesiologist acts both as a
prehospital emergency physician, as a member of the hospital
trauma team, and as a critical care physician. Independent of
where and what role, hypothermia is a serious complication
to trauma that deserves full attention by the anesthesiologist
[1–3]. As hypothermia is generally considered detrimental for
the patient, much focus has been on prevention. Despite this,
hypothermia in trauma patients is still a common finding. There
are many indications that hypothermia is still not managed in
an optimal fashion [3, 4].

Based on promising animal results, some authors believe
that rapidly induced extreme hypothermia (“hibernation”) may
play a future role in severe hemorrhagic shock during transport
to definitive surgical care [5]. So far, this laboratory research
has not changed clinical practice and probably will not do so
in the near future. On the other hand, in patients with trau-
matic brain injury, induction of mild hypothermia (therapeu-
tic hypothermia) has become a promising treatment modal-
ity [6]. Hypothermia may also develop without concurrent
trauma (accidental hypothermia) [7]. The aim of this chap-
ter is to present an overview of our current understanding of
hypothermia associated with trauma, with the main focus being
on clinical management.

T H E R M O R E G U L AT I O N A N D T H E R M A L
M A N AG E M E N T

Thermoregulation in Humans

In humans, the core temperature remains stable within a nar-
row temperature range despite large variations in environmen-
tal conditions [8, 9]. To achieve this we have several mecha-
nisms helping us. In the thermoneutral zone (TNZ) the basal
metabolic rate is producing enough heat to prevent a fall in
core temperature, while not increasing it [8, 9]. The insula-
tion (clothing and other protective layers) is the most impor-
tant factor defining the TNZ in humans (Figures 29.2–29.4).
Outside the TNZ, two main involuntary mechanisms will act
to maintain a stable core temperature: shivering to produce
heat and sweating to eliminate heat (Figures 29.2–29.4). From
a metabolic point of view, both these autonomic mechanisms
are costly to the body.

The most effective thermoregulatory response is behavioral
(Table 29.1). For example, conscious humans respond to the
surrounding conditions appropriately to avoid a decrease or
increase in core temperature (e.g., clothing, seeking shelter).
Another effective and metabolically inexpensive thermoregu-
latory response is the change in vasomotor tone in the arteri-
ovenous shunt to either minimize heat loss through the skin or
to increase it (Figure 29.3).

The dominating afferent thermal signal to the brain comes
from both nonthermospecific and thermospecific (cold or
warm) receptors located in the skin and mucous membranes

4 4 5
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Figure 29.1. Trauma Chain of Survival. Reproduced with permission
from Laerdal Medical Inc.

[10]. When the afferent thermal signals reach the hypothalamus
(the control center), they are integrated with other information
and then result in an efferent response (cold or warm) (Figures
29.2 and 29.3). The exception is when the person is in the TNZ,
also called the “set-point” temperature or the “interthreshold
range” [8–10]. This is the narrow range (0.4◦C) around the
normal core temperature of 37.0◦C at which there is no efferent
response. This set point may fluctuate with time of day, sex, and
acclimation.

Both the body morphology and age will influence the ther-
moregulatory response and capacity [11–13]. Infants and chil-
dren cool much quicker than adults due to their large surface
compared with their metabolic rate. On the other hand, exter-
nal rewarming is much more effective in children. Chronic ill-
ness is one of the many factors predisposing individuals to the
development of hypothermia (Table 29.2).

Effect of Anesthesia and Surgery
(Perioperative Hypothermia)

Factors predisposing patients to perioperative hypothermia
are the same as those predisposing conscious individuals for
hypothermia (Table 29.2). However, induction of general anes-
thesia results in an immediate decrease in core temperature
[9, 14]. The first temperature fall (first phase of perioperative
hypothermia) is due to anesthetic drug-induced vasodilatation
causing heat distribution to the peripheral compartment [15–
21]. All general anesthetics with the exception of ketamine affect
the normal thermoregulatory responses in the same manner,

Figure 29.2. The insulation value of clothing determines the environ-
mental range of the thermoneutral zone (TNZ). The greater the insula-
tion, the lower the TNZ. Humans have the unique ability to alter their
supracutanous insulation layer. Reproduced from reference 8 with per-
mission.

Figure 29.3. Environmental temperature and peripheral blood flow.
Within the TNZ heat loss from the body is manipulated by adjusting
vasomotor tone. Heat exchange between the body core and the envi-
ronment is determined by the amount of blood flowing through the
subcutaneous heat exchange vascular structures located in the periph-
ery. Arteriovenous anastomoses (AVAs) regulate blood flow through the
subcutaneous layers. At the lower limit of the TNZ – the lower critical
temperature (LCT) – all of the AVAs are closed and blood flow through
the heat exchangers is minimal. At the upper limit of the TNZ – the
upper critical temperature (UCT) – all of the AVAs are open and blood
flow through the heat exchangers is maximal. Reproduced from reference
8 with permission.

but to a different degree [9, 12, 14, 22–28]. This results in the
“interthreshold range” expanding up to 4◦C (Figure 29.5). The
net effect is a rapid fall in core temperature (1◦C–1.5◦C) during
the first hour, followed by a slower decrease until the plateau
phase when the thermoregulatory compensatory mechanisms
kick in (primarily vasoconstriction). The surgical procedure

Figure 29.4. Environmental temperature and metabolic rate. Within the
TNZ metabolic rate is low and constant; the individual thermoregulates
by adjusting vasomotor tone to control heat loss from the thermal core.
Above the UCT the individual must expend energy on heat loss (sweat-
ing) to maintain the desired temperature. Below the LCT the individual
must increase the metabolic heat production (shivering) to compensate
for the increased heat loss to the environment. If the capacity to com-
pensate for the environment fails, body core temperature will fall (or
increase) and eventually death will ensue. Reproduced from reference 8
with permission.
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Table 29.1: Thermoregulation: Behavioral and
Autonomic Responses

System Examples

Behavioral Adjusting clothing
Modifying environmental temperature (heating, air

conditioning)
Voluntary movements and timing of activities.

Autonomic Vasodilation. Promotes either heat loss or heat gain
depending on environmental conditions.

Vasoconstriction. Cutaneous blood flow decreases
to near zero in cold temperatures.

Heart rate. Pulse is often higher for any given core
temperature during heating than during cooling,
thus increasing heat transfer via the blood

Piloerection. Increases insulation; slows heat
exchange.

Increased body fat. Fat conducts heat only
one-third as fast as other tissues.

Shivering. Increases heat production when the skin
and/or body is cold.

“Nonshivering” thermogenesis. Increases heat
production without muscular activity. The
principal heat producers are the liver, kidney, and
brain via brown adipose tissue whose sole
function is to produce heat in neonates.

Evaporation. Increased amount of sweating

Modified from Kabbara A, Smith CE. Monitoring temperature. In Wilson
WC, Grande CM, Hoyt DB, ed. Trauma: Resuscitation, Anesthesia, and
Critical Care. New York: Taylor & Francis Group, 2006. Reproduced with
permission.

Figure 29.5. Activation of thermoregulatory effector responses is trig-
gered at specific temperatures for a given individual (“threshold temper-
ature”). Under general anesthesia, the threshold for temperatures for
activation of cold effector responses (including vasoconstriction
and shivering) are lowered, whereas those for activation of warm
responses (including sweating and vasodilation) are increased. Thus, the
interthreshold range is widened during general anesthesia to about 4◦C.
Reproduced with permission from reference 10.

Table 29.2: Predisposing Factors for Hypothermia

Mechanism Examples

Impaired thermoregu-
lation and decreased
heat production

Drugs: alcohol, general and regional
anesthesia, tricyclic antidepressants,
phenothiazines, antipyretics.

Impaired neurologic state and mobility:
e.g., brain injury, stroke, spinal cord
injury, severe trauma, shock

Extremes of age
Autonomic nervous system dysfunction
Chronic illness with hypometabolic

features such as heart failure,
hypothyroidism, adrenal disease,
diabetes, malnutrition

Severe sepsis (bacterial toxins)

Increased heat loss Neonates and infants: increased body
surface area to mass ratio

Cold environmental temperature
Exposure to windy and wet climate,

submersion/immersion
Poor socioeconomic status
Burns
Large blood loss
Exposed abdominal and/or thoracic

contents
General and neuraxial anesthesia
Geriatrics
Thin body habitus
Low skin-surface temperature of

patient prior to injury

Modified from Smith CE, Patel N. Hypothermia in adult trauma patients:
Anesthetic considerations. Part I. Etiology and pathophysiology. Am J
Anesthesiol 1996;23:283–90.

further increases the risk for hypothermia if large body surface
areas are exposed over a prolonged time. Moreover, replacement
of shed blood with cold or inadequately warmed IV fluids and
blood can significantly decrease body temperature [9, 12, 14].
The larger the gradient between the temperature of the infused
fluid and core temperature, the greater the drop in mean body
temperature. As well, the greater the fluid requirement relative
to body weight, the greater the potential drop in body temper-
ature.

Epidural and spinal anesthesia also impair peripheral and
central thermoregulation [9, 14]. The initial vasodilation in the
conscious patient may cause the patient to feel warm, but a dis-
turbing shivering may follow as the temperature falls. Although
the mechanisms behind the disturbed thermoregulation are
more complicated with regional than general anesthesia, the
net effect is the same; a dangerous fall in core temperature [9,
14]. Vasodilation induced by regional anesthesia may, however,
accelerate the temperature increase during rewarming [29].

Side Effects of Perioperative Hypothermia

The general effect of cooling is that all body processes, includ-
ing neuromuscular function [1–3, 30, 31], slow down to the
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Table 29.3: Pathophysiologic Consequences and Complications
from Perioperative and Trauma-Associated Hypothermia

System Affected Examples

Impaired cardiorespiratory
function

Cardiac depression
Myocardial ischemia
Arrhythmias
Peripheral vasoconstriction
Decreased tissue oxygen delivery
Increased oxygen consumption

during rewarming
Blunted response to

catecholamines
Increased blood viscosity
Acidosis
Leftward shift of hemoglobin-

oxygen dissociation curve

Impaired coagulation Decreased function of coagulation
factors

Impaired platelet function

Impaired hepatorenal
function and decreased drug
clearance (anesthetics!)

Decreased hepatic blood flow
Decreased clearance of lactic acid
Decreased hepatic metabolism of

drugs
Decreased renal blood flow
Cold-induced diuresis

Impaired resistance to
infections (pneumonia,
sepsis, wound infections)

Impaired wound healing.

Decreased subcutaneous
tissue perfusion mediated
by vasoconstriction
(↑ s-norepinephrine)

Anti-inflammatory effects and
immunosuppression, including
reduced T-cell-mediated
antibody production and reduced
nonspecific oxidative bacterial
killing by neutrophils

Decreased collagen deposition

Modified from Smith CE, Yamat RA. Avoiding hypothermia in the trauma
patient. Curr Opin Anaesthesiol 2000;13:167–74. Reproduced with
permission.

stage of depression and eventually death (Figure 29.4). Even
moderate degrees of hypothermia will produce clinically sig-
nificant negative effects in most organ systems [1–3, 30, 31].
They have a significant impact on outcome in periopera-
tive and trauma-associated hypothermia (Table 29.3) [1–3, 9,
32–35].

Although the general definition of hypothermia is a core
temperature of less than 35◦C [36], even milder deviations from
the normal temperature may result in significant morbidity and
mortality in surgical patients. For example, decreases in intra-
operative temperatures to between 34◦C and 36◦C have been
associated with a significant increase in complications such as
shivering, postoperative wound infections, perioperative bleed-
ing and transfusion requirements, cardiac events (myocardial

Table 29.4: Mechanisms of Heat Loss

Mechanism Description

Radiation Transmission of heat energy from exposed skin
to cooler surroundings via electromagnetic
waves according to the temperature difference
of the objects.

Conduction Transfer of heat energy between two solid
objects in contact according to the thermal
conductivity of the objects, area in contact, and
thermal gradient (e.g., transfer of heat due to
direct contact of skin and viscera with colder
objects such as bed, spine backboard, and
surrounding air; e.g., transfer of heat from
patient’s blood to unwarmed or inadequately
warmed IV fluids)

Convection Transfer of heat energy during the mass
movement of gas or liquid

Evaporation Heat energy transferred during change of phase
(water to gas): 58 kcal/g water evaporated from
skin, respiratory tract, and viscera.

Redistribution Redistribution of warmer core blood to the
cooler periphery due to anesthetic agents (e.g.,
propofol, inhalational agents, alcohol
intoxication). Subsequent heat loss by other
mechanisms.

Modified from Smith CE, Patel N. Hypothermia in adult trauma patients:
anesthetic considerations. Part I. Etiology and pathophysiology. Am J
Anesthesiol 1996;23:283–90; Wilson WC, Smith CE, Haan J, Elamin EM.
Hypothermia and heat-related injuries. In Wilson WC, Grande CM, Hoyt
DB, ed. Trauma: Resuscitation, Anesthesia, and Critical Care. New York:
Taylor & Francis Group, 2006. Reproduced with permission.

ischemia, ventricular tachycardia), as well as prolonged hospital
stay (Table 29.3) [9, 32–35, 37–40].

Importantly, the effects of all anesthetic drugs, including
neuromuscular blocking drugs, are increased during hypother-
mia (Table 29.3) [9, 35, 41]. There is a real risk of overdosing the
patient. Neuromuscular function testing becomes increasingly
difficult at low temperatures [41].

Rewarming and Maintaining Normothermia Methods
and Equipment

Before discussing how to prevent perioperative hypothermia or
to rewarm patients, it is important to consider the four alterna-
tives for heat transfer: convection, conduction, radiation, and
evaporation (Table 29.4) [3, 14]. All commercial rewarming
and cooling equipment available make use of these mecha-
nisms. Convection represents heat transfer through air that is
in contact with the body, and its efficiency is mostly determined
by air velocity. Conductive heat transfer implies direct contact
between two objects and their characteristics. The rate of heat
transfer from an object to fluid is 32 times that of air. Thus, cold
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and warm intravenous fluids are very effective in cooling and
warming the patient, respectively. Radiation consists of heat
transfer resulting from a temperature gradient, while evapo-
rative heat transfer occurs with conversion of liquids (water,
sweat) to the gaseous phase. The first three mechanisms are the
most important in terms of heat loss, as well as for rewarming
hypothermic patients [1–3, 9, 14].

Various methods have been employed to rewarm patients
and to prevent perioperative hypothermia. Active external
warming with both heating, reflective and convective air blan-
kets, as well as radiant heat shields and fluid- and air-circulat-
ing warming blankets and mattresses have been tested and
employed in clinical practice [9, 10, 12, 14, 15, 17, 19–21, 29,
42–53].

Forced-Air Warming (Convective Air Blankets)
Considerable evidence exists demonstrating the safety and

efficacy of forced-air warming devices in both preventing and
treating hypothermia and preventing shivering during the peri-
operative period, as well as with accidental hypothermia (Fig-
ures 29.6 and 29.7) [9, 12, 14, 35, 42, 54–57]. If a large enough
surface area can be covered, these devices not only transfer
heat across cutaneous surfaces, but also create a thermoneutral
microenvironment so that all heat production goes to restoring
body temperature. Thermoregulatory vasoconstriction, which
separates and limits heat transfer between peripheral skin and
central thermal compartments, limits the rate of rewarming
using forced air [58].

Other Warming Devices
Neither resistive heating using electric blankets nor radi-

ant warmers using infrared radiation have become important

Figure 29.6. Convective warming device. Upper body convective
(forced-air) warming device and hose (Bair Hugger Model 750 Warming
Unit, Arizant Healthcare, Eden Prairie, MN). Heated air from the warm-
ing unit inflates a single-use blanket. The blanket design contains a series
of hollow tubes with rounded upper surfaces and flattened lower surfaces
joined in a parallel array. Once inflated, the blanket directs heated air onto
the patient through exit ports in the blanket undersurface.

Figure 29.7. Convective warming device. The hypothermia station con-
sists of a convective warming unit (Snuggle Warm) and a fluid
warmer (Hotline). The convective warming unit draws ambient room-
temperature air through an ultrafine glass inlet filter. Filtered air is passed
through a 0.2-µm outlet filter, heated, and delivered through a hose to
the disposable blanket. The fluid warmer heats water to a 42◦C setpoint,
and the warm water is then circulated through a disposable set that has a
sterile central lumen for IV fluid administration surrounded by an outer
layer through which the warm water circulates down one side and then
back up to the heated reservoir, which prevents cool down in the patient
line. There is a four-outlet power strip and an adjustable hose-tree arm
(Smiths Medical ASD, Rockland, MA).

methods for use during or after surgery [35]. They may play
a larger role in the field treatment of victims of accidental
hypothermia and during trauma resuscitation of already cold
and exposed patients [3, 59]. Grahn et al. achieved impres-
sive rewarming results in postoperative patients (46) and
cold-stressed adults (60) by using a prototype negative-pressure
warming device. Subsequent commercial models did not show
the same effect [61, 62]. Recently, Rein et al. [63] showed that
locally applied warm water and pulsating negative pressure
prevented hypothermia during laparotomy and was superior
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to forced-air warming in terms of maintaining normothermia
during prolonged laparotomy.

Fluid and Blood Warmers
Warm IV fluids minimize further heat loss while at the same

time transferring significant amounts of heat to the core in
patients requiring fluid and blood resuscitation. For example,
10 L of 40◦C fluid given to a 32◦C patient supplies 80 kcal,
which is enough to increase core temperature in a 70-kg patient
by 1.4◦C [64]. The thermal stress of infusing large volumes
of room temperature crystalloid and colloid or inadequately
warmed blood and blood products can result in considerable
decreases in mean body temperature [3, 14, 35]. The larger the
gradient between the temperature of the infused fluid and core

A B

Figure 29.8. Rapid infusion fluid-warming device (H1200, Smiths Medical ASD, Inc, Rockland, MA). The device consists of a heater that warms water
and circulates it through a pump and a heat-exchange segment with a central tube for water flow (countercurrent heat exchange technology). Fluid
flows through the outer sheath, which surrounds the water core. (A) A pneumatic external compressor automatically squeezes the IV fluid or blood
bag to increase flow. Normothermic fluid delivery is maintained at flows between 40 and 400 mL/min (20◦C input), and at flows between 40 and 300
mL/min (10◦C input). (B) The use of ultrasonic air detection coupled with automatic shutoff is a significant safety improvement. (Avula RR, Kramer
R, Smith CE. Air detection performance of the Level 1H-1200 fluid and blood warmer. Anesth Analg 2005;101:1413–6.)

temperature, the greater the decrease in body temperature. As
well, the greater the fluid requirement relative to body weight,
the greater the fall in body temperature.

The ability of fluid and blood warmers to safely deliver nor-
mothermic fluids over a wide range of flows is limited by sev-
eral factors including limited heat transfer capability of mate-
rials such as plastic, limited surface area of the heat exchange
mechanism, inadequate heat transfer of the exchange mecha-
nism at high flow rates, and heat loss after the IV tubing exits
the warmer. Improvements in fluid warmer design including
higher set points, greater thermal capacity, air detection, and
line pressure monitoring allow the clinician to safely maintain
thermal neutrality with respect to fluid management over a wide
range of flows (Figures 29.8–29.11) [65–70]. Use of effective
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Figure 29.9. Rapid infusion fluid warmer device (FMS2000, Belmont
Instrument Corp., Billerica, MA). This device uses magnetic induction as
a heat source. An integrated peristaltic pump eliminates the requirement
for compression and pressurization of the fluid bag. Maximum flow is 500
mL/min. The device contains two air detectors, an automatic air purge,
and a line pressure sensor. There is redundant air detection, automatic
air removal, and sensors to alert the operator when the system is out of
fluid, or a line is obstructed. (Smith CE, Kabbara A, Kramer RP, Gill I.
A new IV fluid and blood warming system to prevent air embolism and
compartmental syndrome. Trauma Care 2001;11(2):78–82.)

fluid-warming devices permits more efficient rewarming of
hypothermic patients when combined with other methods such
as forced air [66].

Temperature Monitoring

The most reliable temperature-monitoring sites are the distal
esophagus, nasopharynx, tympanic membrane, and pulmonary
artery (Table 29.5). These sites come closest to reflecting core
temperature that provides approximately 80 percent of thermal
input to the hypothalamus. Core temperature can be estimated
with reasonable accuracy by using intermediate sites such as
sublingual (oral), rectal, and bladder temperatures except dur-
ing extreme thermal perturbations when intermediate sites may
lag behind core sites. Lag time is a function of both the mag-
nitude of heat transferred and the time frame in which it is
accomplished. Lag time reflects restricted perfusion to specific
body temperature-monitoring sites and/or imperfect sensor
placement.

Distal Esophagus
Because of its proximity to the heart, distal esophageal ther-

mometry is a highly accurate measure of core temperature.
The thermistor is contained within an esophageal stethoscope,
which is routinely used for monitoring heart and lung sounds
during general anesthesia in tracheally intubated patients (Fig-
ure 29.12). If the probe is not placed distally, temperature read-
ings may be inaccurate. Distal placement is usually assured
by listening for the loudest heart sounds. Continuous suction
applied to a nasogastric tube will falsely lower esophageal tem-
perature.

Nasopharyngeal
This site usually correlates well with other centrally mea-

sured temperatures. Nasopharyngeal temperature exceeded

A

B

Figure 29.10. (A) Pediatric in-line fluid warmer disposable set and heat-
ing unit. The disposable set is attached close to the patient to minimize
heat loss in the patient line. Priming volume is small (4 mL). (B) The
disposable set has microporous membranes that vent air from crystal-
loid fluid. Air is released through the side vents of the set to minimize the
risk of air embolism (Buddy, Belmont Instrument Corporation, Billerica,
MA). (Avula RR, Smith CE. Air venting and in-line intravenous fluid
warming for pediatrics. Anesthesiology 2005;102:1290)
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Figure 29.11. Fluid warming cabinet (Enthermics Medical System,
EC770L, Menomonee Falls, WI). The cabinet is warmed to 42◦C by using
a low-heat-density electrothermal cable array to provide even heating
of injection fluids. The stability of some solutions may vary according
to temperature and duration of storage. Solution warm-up time varies
depending on cabinet warmer load. The warming cabinet cannot be used
for blood. (Raymond CJ, Kroll A, Smith CE. Warming crystalloid fluid
for intravenous infusion: how effective is a fluid warming cabinet? Anesth
Analg. 2006:103:1605–6.)

tympanic temperature during rewarming on cardiopulmonary
bypass (CPB), which suggests that this site better reflects the
brain temperature [71]. Problems with this site include the risk
of nasopharyngeal bleeding. Temperatures may vary between
different probe positions. This site is relatively contraindicated
in patients with severe midface or basilar skull fractures with
cribiform plate disruption.

Pulmonary Artery
The pulmonary artery (PA) catheter contains a distal ther-

mistor and is used to monitor cardiac filling pressures, stroke
volume, mixed venous oxygenation, cardiac output, and other
hemodynamic parameters. It is too invasive to use this site
for temperature measurement alone. In the absence of pul-
monary blood flow during CPB, PA temperature is not accu-
rate.

Table 29.5: Temperature Monitoring Sites in Order of
Authors’ Preference

Core Intermediate

Distal esophagus Rectal

Nasopharynx Bladder

Tympanic membrane (ear) Sublingual (oral)

Pulmonary artery Axilla

Modified from Kabbara A, Smith CE: Monitoring temperature. In Wilson
WC, Grande CM, Hoyt DB, ed. Trauma: Resuscitation, Anesthesia, and
Critical Care. New York: Taylor & Francis Group, 2006. Reproduced with
permission.

Tympanic Membrane (Ear)
The tympanic membrane is 3.5 cm from the hypothalamus,

is perfused by the internal carotid artery, and can be readily
monitored using a well-insulated thermocouple probe (ther-
mistor) adjacent to the membrane itself. Cerumen or dried
blood in the aural canal can result in a delayed response time.
Tympanic membrane probes are contraindicated in patients
with cerebrospinal fluid otorrhea and are easily dislodged dur-
ing patient movement and transport. Measures may be inac-
curate if the ears are cold or in the presence of otologic dis-
ease. It is important to distinguish the rather cumbersome but
accurate method of applying a tympanic thermistor probe in
the aural canal [46] from the simpler to use, but less accurate
infrared aural canal thermometer [72]. Although very feasible
for screening and prehospital use [73, 74], infrared aural canal
thermometers are not considered appropriate for anesthesia
and critical care use. Measurement from four products using
this technique were compared with tympanic thermistor mea-
surements from the counterlateral ear during CPB cooling [72].
None of the infrared thermometers were sufficiently precise
for routine use. Indeed, the standard deviation of about 0.8◦C

Figure 29.12. Distal esophageal thermometry. 18 Fr esophageal stetho-
scope with 400 series thermistor (Novamed, Rye, NY). The stethoscope
is a latex-free single-use device that continuously measures core tem-
perature in tracheally intubated patients. The esophageal stethoscope is
positioned at the point of maximal heart sounds, and temperature is
displayed on an electronic monitor. A 9 Fr size is available for pediatrics.
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indicated that close to 70 percent of the measurements would
span a range of 1.6◦C around the “true” thermistor value.

Sublingual
Sublingual temperature is lower than core temperature by

about 0.5◦C. Correct placement of the thermometer is essential.
Advantages are easy accessibility, familiarity, and noninvasive-
ness. Disadvantages are related to inaccurate readings due to
noncompliance or rapid mouth breathing.

Rectum
Rectal temperature was long considered the “gold standard”

for estimating core temperature (especially in children), and is
about 0.1◦C higher than core temperature. Advantages are easy
accessibility, low cost, and accurate readings. Because the rec-
tum is a cavity, it can retain heat longer than other temperature
sites. When a patient’s temperature is rising or falling rapidly,
the temperature in the rectum can lag behind by as much as an
hour. This may be because the rectum contains no thermore-
ceptors and thus is heated or cooled as an effect of hypothalamic
control, rather than in response to it. Other possible causes of
inaccurate rectal readings are related to the insulating effect of
fecal matter in the rectum and the heat produced by coliform
bacteria.

Bladder
Bladder temperature can be measured by an indwelling

urinary catheter containing a thermistor. If the patient’s uri-
nary catheter does not have a thermistor attached, it has to be
changed to one that does. Low urinary flow may decrease the
ability of this site to reliably estimate core temperature (e.g.,
shock, renal failure). Open pelvic and lower abdominal trauma
may falsely lower temperature readings from this site.

AC C I D E N TA L H Y P O T H E R M I A

Definitions and Physiologic Consequences

Accidental hypothermia has been defined as an unintentional
decrease in core temperature below 35◦C. The thermoregula-
tory capacity for compensation will vary from person to person
based on age, health status, and intake of drugs and alcohol
(Tables 29.1 and 29.2) [30, 59, 75, 76]. For the same cold expo-
sure the thermoregulatory capacity of the person will determine
when hypothermia sets in or the person merely remains “cold
stressed” (feeling cold, shivering, vasoconstricted, with body
temperature above 35◦C) [30, 60].

The classic distinction between mild (35◦C–32◦C), moder-
ate (32◦C–28◦C), and severe (<28◦C) accidental hypothermia
is still used [30, 59]. However, the new guidelines from the Inter-
national Liaison Committee of Resuscitation (ILCOR), which
among others includes the European Resuscitation Council
(ERC) and the American Heart Association (AHA), uses less
than 30◦C as the cutoff point to define severe hypothermia [36,
77].

Prolonged exposure to temperatures outside the TNZ
causes hypothermia even in mild and hot climates. Hence,
accidental hypothermia should not be considered an arctic or
wilderness problem. Rather, it can occur in healthy persons
exposed to ambient air temperatures, precipitation, and wind

chill despite the initial protection by isolation and thermoregu-
latory compensation (increased heat production). Immersion
or submersion in cold water accelerates the onset of hypother-
mia [30, 76, 78]. With intoxication and illness, hypothermia is
well described in urban and warm surroundings [30, 76, 78].
Hence, accidental hypothermia should always be a differential
diagnosis in obtunded and collapsed patients. The diagnosis
mandates only one single measure of decreased core tempera-
ture using a low-read thermometer.

Predisposing factors for involuntary cooling of the body
and the thermoregulative countermeasures are shown in Tables
29.1 and 29.2 and Figures 29.2 to 29.4. General symptoms seen
with progressive accidental hypothermia are outlined in Fig-
ure 29.13 (see also color plate after p. 294). From a thera-
peutic point of view, it is important to differentiate between
mild/moderate versus severe hypothermia [30, 36], between
arrested versus nonarrested hypothermic victims, and between
asphyxiated and nonasphyxiated hypothermic arrest [36, 77].

In severe hypothermia, the initial slowing of the heart and
supraventricular arrhythmias give way to ventricular fibrillation
(VF) and, finally, asystole [30, 59]. The respiratory rate slows
dramatically, and the unconscious patient with dilated pupils
may appear dead. The distinction between a dead person and a
severely hypothermic patient becomes problematic. Therefore,
the general consensus is that no hypothermic patient should be
pronounced dead before “warm and dead” [2, 30, 36, 77]. An
aggressive approach to rewarming is indicated. This approach
with prolonged cardiopulmonary resuscitation (CPR) and use
of CPB is resource intensive and complicated, both from a logis-
tical and therapeutic point of view [36, 79–82]. Still, the merit
is evident based on multiple successful cases of good neurologic
outcome.

Treatment Options in Patients with Mild, Moderate, or
Severe Accidental Hypothermia with Intact Circulation

The degree of hypothermia will determine the most appropriate
rewarming techniques. In mild hypothermia, transferring the
patient from the cold environment to warm and protected sur-
roundings, removing cold and wet clothes, drying the body sur-
face, and blanket coverage is sufficient in most cases [2, 30, 36,
59]. Under these circumstances, the body’s own heat production
will reverse the low temperature (passive external rewarming).
If the patient is very uncomfortable or unable to spontaneously
reverse the hypothermia, external active rewarming is indicated
(Table 29.6).

In moderate hypothermia, active external rewarming is
indicated. Forced-air warming is probably the most effective
and practical method and can also be used in severe hypother-
mia, as long as there is an intact circulation (pulse present) [30,
36, 56, 57, 59]. Other external re-warming methods include
warm-water baths, heated blankets, heat lamps, heat packs, and
reflective blankets. Infusion of warm IV fluids is important, and
methods such as gastric, bladder, peritoneal, and pleural lavage,
have been described [2, 30, 36, 56, 57, 59, 75, 76, 83–85] and rec-
ommended for moderate and severe hypothermia (Table 29.6).

In severe hypothermia, the pulse will become slow, irregular,
and more small-volume and blood pressure may be unrecord-
able [30, 59, 76]. In such patients, endotracheal intubation and
other manipulations at the scene, during transport, or on arrival
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Figure 29.13. Cold-induced injuries such as hypothermia and frostbite lead to thermoregulatory response (e.g., shivering and increased sympathetic
activity), cellular and tissue effects (e.g., membrane damage, electrolyte imbalance, endothelial injury, and thrombosis) and systemic effects (e.g.,
shock, arrhythmia, and neuromuscular dysfunction). Reproduced with permission from reference 30.
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Table 29.6: Rewarming Methods and Rewarming Rates with Different Alternatives

Rewarming Rate
Category Methods Comments (◦C/hr)

Passive external Blankets Including head and neck, reduces
evaporative heat loss, unsuccessful if there
is loss of shivering

0.5–4

Humidifier-inspired air Including head and neck, reduces
evaporative heat loss, unsuccessful if there
is loss of shivering

Variable

Active external Forced-heated air Risk of temperature afterdrop and
rewarming hypotension

1–2.5

Warm blankets Risks of burns, temperature afterdrop, and
rewarming hypotension

Variable

Warm-water immersion Difficult to monitor patient, risk of
temperature afterdrop and rewarming
hypotension

2–4

Active internal Warm (42◦C) humidified air Low heat transport capacity 0.5–1.2
Warm (42◦C) intravenous fluids Especially useful in the resuscitation of

hypothermic trauma victims, rapid
infusion maximizes heat delivery

Variable

Body cavity lavage with warm fluid (gastric,
bladder, colon, pleural, peritoneal)

Limited data, risk of mucosal injury, risk of
aspiration with gastric lavage

Variable

Extracorporeal Hemodialysis and hemofiltration Widely available, rapid initiation, requires
adequate blood pressure

2–3

Continuous arteriovenous rewarming Rapid initiation, trained perfusionist not
required, less available, requires adequate
blood pressure

3–4

Cardiopulmonary bypass Provides full circulatory support, allows
oxygenation, less available, requires
trained perfusionist, delays in initiation

7–10

Reproduced with permission from reference 59.

to the hospital may provoke VF [30, 36, 79, 83]. Hence, gen-
tle handling is important. If signs of life are present (palpable
carotid artery pulse, QRS complexes on the electrocardiogram
(ECG), spontaneous breathing for at least 1 min), the combina-
tion of rapid external/internal rewarming (Table 29.6), warm
humidified oxygen by mask, and warm IV fluids to counter-
act the expansion of the vascular bed and to replace the fluids
lost during cooling is sufficient [30, 36, 83]. A definitive air-
way may be necessary. Arrhythmias other than VF will revert
spontaneously with normalization of temperature. In otherwise
healthy patients, the prognosis is excellent [7, 30]. In moderate
and severe hypothermia with an intact circulation, the prog-
nosis largely depends on the underlying diseases and causes of
hypothermia [30, 59, 75, 76, 78]. Reported in-hospital mortal-
ity varies from 10 to 40 percent, with numbers approximating
50 percent in those with severe underlying cardiopulmonary
diseases.

At present, one rewarming method cannot be recom-
mended over another in terms of outcome and efficacy. How-
ever, from a practical and safety point of view, we believe forced-
air warming is a reasonable choice, even in the unconscious
patient provided there is a perfusing rhythm based on the fol-
lowing reports. In a randomized controlled trial of hypothermic

patients with an average core temperature of 28.8◦C, forced-
air warming increased core temperature by about 2.4◦C/hr vs.
1.4◦C/hr in controls [55]. Both groups of patients received IV
fluids warmed to 38◦C as well as warmed, humidified oxygen at
40◦C by inhalation. Koller et al. [56] reported the use of forced-
air warming in five patients with core temperature of less than
30◦C. The outcome of all five patients was good without neu-
rologic sequelae. Core temperature increased by approximately
1◦C/hr without any cardiac arrhythmias or core temperature
afterdrop. It is important to continuously monitor core tem-
perature to prevent an uncontrolled drop in temperature and to
evaluate the efficacy of rewarming. Arrhythmias and hypoten-
sion may occur due to peripheral vasodilatation, as well as from
cool blood returning to the central circulation (afterdrop) [2,
30, 36, 86]. There is an increased need for intravenous fluids
during the rewarming period.

Accidental hypothermia may be associated with local cold-
induced injuries [30]. These are most commonly seen in the
extremities. They are classified as superficial (clear blisters) or
deep (hemorrhagic blisters) [30]. If refreezing is not a problem,
local rewarming during transport should be started. However,
not by rubbing as this may worsen the tissue damage. Fur-
ther management beyond rapid rewarming in hot-water baths
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(40◦C–42◦C) is still controversial [30]. Independent of the cho-
sen approach, the need for prolonged hospital stay and repeated
surgical procedures is frequent.

Treatment Options in Hypothermic Cardiac Arrest
Victims without a History of Asphyxia

In hypothermic cardiac arrest victims, CPR should be com-
menced by using the same ventilation and compression
ratios/rates as in normothermic patients (30:2; rate, 100/min)
[36]. The general stiffness of the whole body will make CPR
more complicated and a strange experience for the rescuer.
There is a general consensus that vasoactive drugs and defibril-
lation are less effective if the core temperature is less than 30◦C.
However, a trade-off between this concern and the provision of
rapid, effective therapy to reverse VF has been made in recent
international guidelines by stating that “if VF/VT persists after
three shocks, delay further defibrillation attempts until core
temperature is above 30◦C” [36]. The general consensus for
drug therapy is to withhold epinephrine and other drugs such
as amiodarone until core temperature reaches 30◦C. Endotra-
cheal intubation is indicated in hypothermic cardiac arrest not
only to secure an airway and to ventilate, but also rewarm by
using warmed (maximum, 42◦C) humidified oxygen/air [36].

Survivals after hours of resuscitation and weeks of inten-
sive care have been reported even in patients with profound
(<20◦C) hypothermia [80]. Hence, in the absence of obvious
lethal injuries or a completely frozen body making CPR impos-
sible, the patient should be transported with ongoing CPR to a
hospital capable of providing rapid invasive rewarming through
the use of CPB (Table 29.6) [36, 79–82]. The management of
such patients will require close cooperation between personnel
specialized in cardiothoracic surgery, perfusion, cardiac anes-
thesia, and intensive care. Issues such as optimization of tis-
sue perfusion, prevention of ischemia, and knowledge of the
pathophysiology of reperfusion and microcirculation flow dys-
function need to be addressed but are outside the scope of this
chapter.

The outcome in these patients not only depends on the
temperature at the start of the resuscitation, but on the cause of
the hypothermia and underlying diseases. When analyzing the
outcome of hypothermic cardiac arrest victims rewarmed with
extracorporeal circulation, the critical factor has been found
to be the presence or absence of asphyxia prior to the onset
of hypothermia. For example, the overall prognosis in victims
rewarmed after immersion (as opposed to after drowning or
avalanche) was good, with reported rates of intact survivors up
to 60 to 70 percent [7, 36, 79–82].

Treatment Options in Hypothermic Cardiac Arrest
Victims with a History of Asphyxia

At stated above, the association of hypothermia with asphyxia
carries a poor prognosis. Because the prehospital clinical picture
may be unclear, and prehospital signs such as dilated pupils
and asystole have no prognostic value, every effort should be
made to start immediate and adequate CPR [36]. In drowning
cases, this is especially important. Even imperfect and simple
bystander CPR may bring the patient back to life.

While submersion implies that the whole body has been
underwater, immersion only means being covered in water/

fluid. Hypothermia will develop with both immersion and sub-
mersion [78]. If the airway has been kept clear and over the
water in immersed victims, hypothermia and subsequent car-
diac arrest are not necessarily associated with asphyxia (primary
hypothermia). In submersion, the situation is more compli-
cated as the general rule is that associated asphyxia and cardiac
arrest carry a poor prognosis even if hypothermia develops. If
the submersion occurs in icy water, thereby inducing rapid cool-
ing of the brain, the situation is quite different. Intact survivors
have been described after up to 60-min submersion periods,
especially in children [36].

CPR and advanced life support procedures in victims of
drowning should follow the procedures presented for nonas-
phyxiated hypothermic cardiac arrest victims above. Postresus-
citation, comatose survivors should probably be kept mildly
hypothermic (32◦C–34◦C) and mechanically ventilated for at
least 24 hours [87].

Avalanche victims constitute a special group [36, 56, 57, 81,
82, 88, 89]. Blunt trauma is the reason for death in up to one
third of avalanche victims, and early asphyxiation is also com-
mon [88, 89]. Hypothermia is rarely the mechanism of death. It
may become an important mechanism in those buried with an
air pocket that allows respiration initially. Survival data from
the European Alps have shown that the probability for survival
in completely-buried victims fall rapidly from 90 percent after
15 min burial time to 30 percent after 30 min [88, 89]. Survival
after 90 min is low. Triage and field management are difficult.
In the initial half hour, the focus should be on rapid extrication
and immediate airway management and CPR in lifeless victims
to counteract asphyxia. With longer burial times, treatment of
hypothermia becomes more important. Hence, gentle extrica-
tion, ECG, and core temperature monitoring is mandatory. The
trachea of lifeless victims should be intubated, and if the core
temperature is less than 32◦C, those found with an air pocket
and clear airways should be transported with ongoing CPR to a
hospital able to provide extracorporeal rewarming [36, 88, 89].

T R AU M A - A S S O C I AT E D H Y P O T H E R M I A

Definitions, Predisposing Factors, and Incidence

Despite decades of ongoing discussion and lab research on the
possible protective effects of hypothermia in trauma patients
[2, 5], the development of hypothermia is still considered
detrimental [1–3]. Much discussion has centered on whether
hypothermia is just a result of the shocked state itself, with low
perfusion causing reduced metabolism and diminished heat
production, or an imposed complication with an independent
negative influence on prognosis. In their review of this topic,
Hildebrand et al. [1] concluded that accidental hypothermia
in trauma victims is a very different situation from controlled,
induced hypothermia (therapeutic) in trauma patients. Labora-
tory research has shown beneficial effects of induced hypother-
mia during hemorrhagic shock despite the fact that hypother-
mia per se increases the bleeding tendency. Hypothermia has
a definite anti-inflammatory effect, which can be used to ame-
liorate reperfusion injuries in various organs. While induced
hypothermia with shivering prevention preserves body reserves
of high-energy substrates, accidental hypothermia in trauma
patients causes physiologic stress and depletion of the same sub-
strates, resulting in both increased morbidity and mortality [1].
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Table 29.7: An Alternative Proposal for Classification of
Hypothermia in the Trauma Patient

General Medical
Classification

Proposed Trauma
Classification

Category ◦C Class ◦C

Mild 35–32 I 36–35
II 34–32

Moderate 32–28 III 32–28

Severe 28 IV 28

Reproduced with permission from reference 2.

Nonintended hypothermia in trauma victims is still a com-
mon problem and occurs early during the resuscitative phase
[3]. Due to the overall more negative effects (increased bleeding
and immunosuppression) of accidental hypothermia in trauma
patients, the classic cutoff points have been redefined for the
trauma population [1, 3], such that mild hypothermia corre-
sponds to a core temperature between 34◦C and 35.9◦C; mod-
erate hypothermia, 32◦C to 33.9◦C; and severe hypothermia,
less than 32◦C. An alternative classification of hypothermia can
be used with four classes (I–IV), as shown in Table 29.7.

While the incidence of hypothermia in trauma victims has
been widely studied, there is still a paucity of data when it comes
to comparing different treatment algorithms and rewarming
techniques in trauma patients. The noted differences in inci-
dences may be due to differences in (1) the trauma system and
population itself (urban vs. rural, blunt injury vs. penetrating;
(2) timing of temperature measurements (prehospital vs. emer-
gency department vs. operating room vs. intensive care unit
[ICU]); (3) technique of temperature measurement (core vs.
intermediate site, thermocouple vs. infrared device); and (4)
differences in trauma systems (thermal prevention methods vs.
none, warmed IV fluids vs. unwarmed, immediate vs. delayed
fluid resuscitation).

In one of the few prehospital studies, Helm et al. [73] found
that almost every second patient was hypothermic. Entrapped
patients were at higher risk (98% vs. 35%; P < 0.001), as were
patients older than 65 years (P < 0.001). Clinical symptoms of
hypothermia such as shivering were only noted in 4 percent.
Little et al. [90, 91] also detected a lack of shivering response to
hypothermia in traumatized patients immediately after injury.
The absence of shivering to compensate for the fall in core
temperature is likely due to impaired thermoregulation after
injury [1, 73, 90]. In animal research, the threshold hypotha-
lamic temperature for onset of shivering was 34.8 to 36.4◦C in
control animals, whereas after injury, the threshold was low-
ered so that either no shivering occurred, or only slight shiver-
ing was observed at about 31◦C [92]. A similar impairment in
the threshold for vasoconstriction may also occur after trauma.
Possible mechanisms include reduced tissue oxygenation due
to shock, central noradrenergic inhibition, central effects of
hypotension and hypovolemia, and decrease in baroreceptor
input to the brain [90–94].

Using a tympanic infrared thermometer technique, Watts
et al. [74] showed that more than 60 percent of their trauma

patients transported with air and ground ambulances had a
subnormal temperature at initial assessment. Fewer than 5 per-
cent, however, had a temperature below 34◦C. Interestingly,
there were no seasonal differences. In a study from conflict
zones in Southeast Asia, Husum et al. [95] found that basic
prehospital interventions to reduce heat loss were able to sig-
nificantly reduce the frequency of hypothermia despite overall
long transport times of six to seven hours.

Studies from the emergency department (ED) also sup-
port the notion that hypothermia is prevalent. Luna et al. [96]
found that that about 66 percent of tracheally intubated trauma
patients arrived in the ED hypothermic. Hypothermia during
the initial phase in the hospital was associated with both the
severity of injury, number of transfusions needed, and time
spent prehospital and in the ED. The overall incidence of admis-
sion hypothermia, defined as temperature ≤35◦C, was 5 per-
cent in a study using data from a statewide trauma registry in
Pennsylvania (n = 38,520 patients) [97]. Even after adjust-
ment for other factors, admission hypothermia was associated
with 3-fold increased odds ratio for fatal outcome. Periopera-
tive hypothermia has been shown to occur in almost 50 percent
of trauma patients requiring early surgery (Figure 29.14). In a
recent study of 2,848 combat victims from Iraq [98], 18 percent
of the victims were hypothermic (<36◦C) at arrival in the Com-
bat Support Hospital. However, only 0.2 percent was severely
hypothermic (<32◦C) and 2% had a temperature between 32
and 34◦C (moderate hypothermia). Both penetrating injury
mechanism, a Glasgow Coma Scale score less than 8, and shock
defined as a systolic blood pressure (SBP) lower than 90 mmHg
were independent predictors of hypothermia on arrival.

Analyzing 38,550 trauma patients aged 18 to 55 years from
the National Trauma Data Bank (American College of Sur-
geons), Shafi et al. [99] found an 8.5 percent incidence of
hypothermia at arrival in the ED. Hypothermic patients had
the same age and sex distribution as the normothermic patients,
but in general were more severely injured.

If not present at arrival, hypothermia may develop and
worsen during the stay in the ED and OR (Figure 29.14). The
etiology, predisposing factors, and pathophysiology are the
same as for other major surgery patients (Tables 29.1–29.3).
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Figure 29.14. Incidence of hypothermia (<36◦C) in 660 trauma patients
requiring surgery within 24 hours of admission to MetroHealth Medi-
cal Center, Cleveland, Ohio. Preop, preoperative, intraop, intraoperative.
Presented at MetroHealth Research Exposition and Ohio Society of Anes-
thesiologists Annual Meeting, Sept, 2004. Reproduced with permission.
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During initial resuscitation and surgical procedures, exposure
of the patient, immobilization, use of anesthesia, combined with
suboptimal thermal protection will soon render the trauma
patient hypothermic. Unfortunately, despite everything that
has been written on the subject there is still a distinct impres-
sion that thermal management of trauma patients is suboptimal
[3, 4].

Clinical Implications, Prevention, and
Rewarming Options

The negative clinical consequences of hypothermia in trauma
victims are well-defined [1–3], and particularly linked to coag-
ulopathy and immunosuppression (Table 29.3). The critical
core temperature for onset of coagulopathy appears to be 34◦C,
at which level the enzymatic activity and platelet function fall
significantly [100]. Older studies showed no trauma survivors
with temperatures below 32◦C [101]. Newer data from the large
North-American National Trauma Data Bank do not support
the notion that the overall prognosis in patients with severe
hypothermia is dismal [102].

Prevention is always better than treatment, including dur-
ing intrahospital transport [103]. Comparing trauma patients
in need of massive transfusion (>50 units of packed red blood
cells) during two time periods in the late 1980s and early 1990s,
Cinat et al. [104] found that refractory hypothermia, severe
acidosis, and prolonged hypotension were factors linked to
poor outcome. They concluded that the noted increase in sur-
vival from 16 to 45 percent during the ten-year period studied
most likely was due to more efficient rewarming, aggressive
correction of coagulopathy, and improved application of dam-
age control surgery principles. Perioperative hypothermia and
hypothermia on arrival to the ICU or during the first ICU hour
should always be considered a danger sign.

More recent studies have shown the same correlation
between hypothermia and worsened outcome. Two recent
North-American National Trauma Data Bank reviews [99, 102]
found that after adjusting for age, sex, mechanism, and severity
of injury, hypothermia (<35◦C) on arrival to the ED was an
independent predictor of death (odds ratio 1.19 [95% CI 1.05–
1.35; P = 0.008]). Not surprisingly, the incidence of infections
overall, pneumonia, renal failure, and adult respiratory distress
syndrome (ARDS) were all significantly higher in hypothermic
patients. In cohort studies using multivariate analysis on retro-
spective data, there will always be a question whether the sta-
tistical association found also implies a causal link. Both young
(<18 years) and old (>55 years) patients were excluded, and
information on prehospital time and thermal management was
not present. Further, in the study on the 2004 National Trauma
Data Bank [102] the mortality remained constant in patients
below 32◦C. The fact that almost 60 percent of the patients
with a temperature below 32◦C survived emphasizes that, in
modern trauma systems, a low temperature should not be con-
sidered a sign of futility of care. More data on the subgroup
of trauma survivors with a very low temperature is needed. In
conclusion, both these large cohort studies support the notion
that the development of hypothermia is detrimental in severely
traumatized patients. Hence, every measure should be taken to
counteract a fall in body temperature in trauma patients, both
prior to and after arrival at the hospital [1–3].

In one of the very few studies of prehospital intervention
to maintain normothermia in trauma victims, Watts et al. [74]
found that the use of chemical hot packs (Hot Cycle 1; Sig-
nal Manufacturing Corporation, Fairfield, CA) increased body
temperature during transport. Neither passive rewarming and
reflective blankets nor warmed IV fluids alone caused the same
increase in temperature. Although the study numbers were
small, the results suggest that hypothermia in trauma victims
is undertreated, and further research is required on prehospital
thermal management.

Using a laboratory model to simulate trauma patients, Ittner
et al. [105] compared resistive heating blankets with a convective
air-warming device. The convective warming was more effec-
tive. Kober et al. [106, 107] compared resistive heating blankets
and wool blankets during ambulance transports of trauma vic-
tims. Use of the resistive heating blankets both caused more
thermal comfort, less fall in oral and tympanic measured tem-
perature, and a better pulse oximeter signal. The conclusion of
the authors [105–107] that such devices should be made avail-
able in all ambulances is hampered by many practical, logistical,
and financial barriers. Still, prevention of early hypothermia in
the prehospital phase should be emphasized. This also includes
the judicious use of IV Fluids [108], as use of cold fluids is
a very effective way of inadvertently cooling trauma patients
[87, 109].

In-hospital, convective warming devices are very useful in
a wide variety of locations (ED, OR, ICU, postanesthesia care
unit), and if a large enough surface area can be covered, these
devices create a thermoneutral microenvironment such that
all heat production goes to restoring core temperature [4, 35,
65, 67, 68, 110]. It is recognized that it may be somewhat dif-
ficult to apply these devices to the trauma patient in the ED
because of the requirement for patient exposure. In the operat-
ing room, particularly with multiple injuries, there is very little
surface area available for the application of the upper-, lower-,
or whole-body convective warming blanket. In these instances,
an underbody forced-air or resistive heating blanket can be of
significant benefit [14, 35, 44, 111], as can radiant heaters [35].

Other warming methods are also available in trauma
patients (Tables 29.6–29.8). Heated humidification of the
breathing circuit will prevent respiratory-gas-related heat loss
and can add heat to the patient. Delivery of warm, humidi-
fied gas has been shown to increase core temperature by 0.5◦C
to 0.65◦C per hour in injured, hypothermic patients [112,
113], and should be used as an integrated part of a combined
approach to treat or prevent hypothermia [35].

Although mostly used for accidental hypothermia patients
(see Accidental Hypothermia), active, internal rewarming
(Tables 29.6 and 29.8) restores normothermia at a faster rate
than surface methods and has been associated with more rapid
normalization of cardiac output and ECG, and a decreased risk
of rewarming shock in trauma-associated severe hypothermia
[64, 114, 115]. These methods of core rewarming are generally
appropriate for severely hypothermic patients, but may also
be useful for moderately hypothermic patients (32–34◦C) with
cardiovascular instability.

CPB (Tables 29.6 and 29.8) is the most effective means
of rewarming severely hypothermic patients, but requires sys-
temic heparinization [2, 3, 30, 59, 116]. Relative contraindica-
tions to CPB include asphyxia, severe traumatic injury (risk of



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-29 CUFX276-Smith-v2 May 12, 2008 17:51

H Y P O T H E R M I A I N T R A U M A ■ 4 5 9

Table 29.8: Suggested Management of Different Levels of Hypothermia in Trauma Victims

Hypothermia Type/Class

Mild Moderate Severe

Phase of Care Class I Class II Class III Class IV

Prehospital/emergency
department/critical care
unit

Standard measures ±
active external warming

Active external warming Extracorporeal measures Extracorporeal measures

Intraoperative Standard measures ±
active external warming

Active internal warming
(intracavitary irrigation)

Extracorporeal measures
± intracavitary
methods

Extracorporeal measures
± intracavitary
methods

Permissibility of further
surgery?

Completion of definitive
surgery

Damage control Damage control Damage control
Consider DHCA

Standard measures to be instituted in all serious trauma patients encompass but are not limited to measures recognized as passive external methods (warm
environment, blankets, covers), warmed intravenous fluids, warmed inspired gases if intubated, convective warming blankets.
Extracarporeal methods to be utilized with appropriate personnel and institutional support: continuous artenovenous rewarming, venovenous rewarming
with centrifugal vortex pump, arteriovenous rewarming with centrifugal vortex pump, standard cardiopulmonary bypass, hemodialysis circuits with heated
dialysate.
DHCA, deep hypothermic circulatory arrest (only with severe injuries and appropriate support). Reproduced with permission from reference 2.

bleeding), and greatly elevated potassium levels (>10 mmol/L).
Peritoneal or pleural lavage with heated crystalloid at an
exchange rate of 6 L/min may increase core temperature at a
rate of 2◦C to 3◦C per hour, and has been shown to be beneficial
in patients sustaining environmental or exposure hypothermia
[2, 3, 30, 59, 84].

Another technique involves the connection of a percuta-
neously placed femoral arterial line to a counter-current fluid
warmer (Tables 29.6 and 29.8) [64, 114, 115]. The patient’s
blood volume flows through the warmer and returns to the
patient by large-bore venous tubing so a fistula is created
through the heating warmer (Figure 29.15). This technique,
known as continuous arteriovenous rewarming (CAVR), has
been shown to rapidly rewarm mildly hypothermic patients. In
the initial experience of 16 patients treated with CAVR, core
rewarming to 35◦C was accomplished in 39 minutes and to
36◦C in 66 minutes [114]. Advantages of CAVR include no
requirement for heparinization, rapid reversal of hypothermia,
decreased total fluid requirements, decreased organ failure, and
decreased length of ICU stay. The CAVR technique provided a
continuous transfusion of heat to the patient as long as systolic
blood pressure was more than 80 mmHg. The risks of CAVR
consist mainly of those related to percutaneous cannulation of
the femoral vessels [114, 115].

There are very few randomized, controlled studies of
rewarming trauma patients. Gentillelo et al. [115] compared
CAVR with standard rewarming in a randomized, prospective
trial of 57 trauma patients arriving in the ICU hypothermic
(core temperature ≤34.5◦C). There was a marked decrease in
fluid requirement, a significantly faster rewarming rate, and
lower early mortality in patients receiving CAVR (7% with
CAVR vs. 43% with standard rewarming), but survival to dis-
charge was not significantly different between groups (66% sur-
vival with CAVR vs. 50% with standard rewarming). This study

Figure 29.15. Schematic description of the continous arteriovenous
rewarming (CAVR) device that uses percutaneously placed femoral arte-
rial and venous catheters and the patient’s own blood pressure to create an
arteriovenous fistula that diverts a portion of the cardiac output through a
compact, heparin-bonded heat exchanger. Reproduced with permission
from reference 114.
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illustrates the problems with such studies and how short-term
effects may be deleted by later problems in the ICU. Still, the
study supports the notion that hypothermia should be treated
aggressively in trauma patients. The methods used (Tables 29.6
and 29.8) will vary with the circumstances and the experience
and available resources of the local trauma team.

Damage Control Surgery and ICU Treatment

The studies of Cinat et al. [104] and Gentillo et al. [115] point
to some of the same problems in trauma patients: that injury
severity, hemorrhagic shock, resuscitation with fluids and blood
products, coagulopathy, and hypothermia are linked in a way
that make it hard to differentiate the effects of injury from the
effects of treatment [3, 65, 67, 68, 99, 117–119]. Importantly, the
deleterious effects of shock and hypothermia on hemodynamic
parameters and coagulation are additive. This has led to the
concept of damage control surgery [2, 117, 119]. Hypothermia
of less than 34◦C together with acidosis (pH <7.10) and clini-
cal diffuse bleeding (coagulopathy) are recognized as the “lethal
triad” or “bloody vicious cycle.” These criteria are now used to
mark the limits for the tolerance of the patient for definitive
surgical control and repair. This applies both for laparotomy,
thoracotomy, and orthopedic surgery. Instead, an “abbrevi-
ated” approach to stop bleeding (“packing”) and prevent ongo-
ing contamination is sought. The patient is transported to the
ICU for rewarming, hemodynamic optimization, and reversal
of coagulopathy.

Traumatic coagulopathy is a syndrome of diffuse bleeding
from mucosal, serosal, and wound surfaces, as well as vascular
sites, associated with serious injury, hypothermia, acidosis, and
hemodilution [120]. Brohi et al. [121] used laboratory tests
to define the presence of early coagulopathy in 1,088 trauma
patients. They found that nearly one quarter of their patients
arrived in the ED with an established coagulopathy and linked
this to tissue injury and release of various factors. The incidence
of coagulopathy increased with increasing injury severity score
(ISS), as did mortality. The authors did not find a significant cor-
relation with prehospital fluid therapy and concluded that early
laboratory clotting tests should be mandatory in all patients
with multiple injuries upon arrival in the ED. It is recognized,
however, that clotting studies done at normal body temperature
in the laboratory will not confirm hypothermic coagulopathy
[100, 122, 123]. Using thromboelastography adjusted to core
body temperature, and prothrombin time (PT), activated par-
tial thromboplastin times (aPTTs), and platelet activity mea-
surement in 112 consecutive adult trauma patients, Watts et al.
[100] found that a core temperature of less than 34◦C was the
critical point at which both coagulation enzyme activity and
platelet function decreased significantly. Fibrinolysis was not
affected by a drop in temperature. Patients with a temperature
greater than 34.0◦C actually demonstrated hypercoagulobility.

In their recent review of massive transfusion and coagulopa-
thy, Hardy et al. [124] concluded that maintenance of normo-
thermia and correction of low hemoglobin should be con-
sidered basic, simple, and effective strategies to avoid further
bleeding. Rewarming is a first-line intervention in diffuse bleed-
ing situations. In situations with diffuse bleeding, restoration of
a critical red blood cell mass (hemoglobin, 9–10 g/dL), platelet
count (>75,000–100,000 cells/mm [3]), PT (<1.5 times nor-

mal), International Normalized Ratio (INR;<1.5), and fibrino-
gen level (>80–100 mg/dL) is important to make a large clot for-
mation possible. The hemostatic agent recombinant activated
factor VII (rFVIIa) has come into common use in such criti-
cal bleeding situations [118, 125]. While the efficacy of rFVIIa
depends on a pH higher than 7.1, it retains a normal activity in
the presence of hypothermia [125].

S U M M A RY A N D C O N C LU S I O N S

Hypothermia as a complication of major surgery and anes-
thesia is well known to the anesthesiologist. Life-threatening
hypothermia without trauma may also develop (accidental
hypothermia). Hypothermia often complicates the manage-
ment of patients with blunt or penetrating trauma and is asso-
ciated with increased morbidity and mortality. Early control of
bleeding and prevention of further heat loss are key factors to
avoid the lethal triad of hypothermia, acidosis, and coagulopa-
thy. In the middle of the stressful trauma resuscitation situation
it is important for the anesthesiologist to use his or her experi-
ence from major surgery and pay close attention to temperature
management in trauma patients.

M U LT I P L E C H O I C E Q U E S T I O N S

1. The most reliable temperature-monitoring sites are the dis-
tal esophagus, nasopharynx, and pulmonary artery.

a. True
b. False

2. In humans, the core temperature remains stable within a
narrow temperature range despite large variations in envi-
ronmental conditions.

a. True
b. False

3. Regarding rewarming and maintaining normothermia
methods and equipment:

a. Conduction represents heat transfer through air that is in
contact with the body, and its efficiency is mostly deter-
mined by air velocity.

b. Convective heat transfer implies direct contact between
two objects and their characteristics.

c. Commercial rewarming equipment (e.g., convective
forced-air, fluid warmer) are generally not effective in
preventing perioperative hypothermia.

d. Evaporative heat transfer occurs with conversion of liq-
uids (water, sweat) to the gaseous phase.

4. Identify the correct statement regarding side effects of peri-
operative hypothermia.

a. Decreases in core temperatures to between 34◦C and
36◦C have not been associated with a significant increase
in complications such as cardiac events (myocardial
ischemia, ventricular tachycardia).
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b. Decreases in core temperatures to between 34◦C and
36◦C have not been associated with a significant increase
in complications such as perioperative bleeding and
transfusion requirements.

c. Decreases in core temperatures to between 34◦C and
36◦C have not been associated with a significant increase
in postoperative complications such as wound infections.

d. The general effect of cooling is that all body processes,
including neuromuscular function, slow down to the
stage of depression and eventually death.

e. Moderate degrees of hypothermia are generally indicated
for trauma patients.

5. Regarding the effects of anesthesia and surgery (periopera-
tive hypothermia), identify the correct statement.

a. Induction of general anesthesia results in a gradual
decrease in core temperature.

b. All general anesthetics with the exception of ketamine
affect the normal thermoregulatory responses in the
same manner.

c. Replacement of shed blood with cold or inadequately
warmed IV fluids and blood can rarely decrease body
temperature.

d. Epidural and spinal anesthesia have negligible effects on
peripheral and central thermoregulation.

6. A 64-year-old woman with stable angina is undergoing
exploratory laparotomy with general anesthesia following
trauma. Blood loss is 2 L and a fluid warmer was not avail-
able. At the end of the 3.5-hour surgery you note that her
core temperature is 34.8◦C. Which of the statements is
true?

a. She is not at increased risk of postoperative wound infec-
tion.

b. She is not at increased risk of postoperative ventricular
tachycardia and unstable angina.

c. She is at increased risk of postoperative shivering and
prolonged peripheral vasoconstriction.

d. The most likely cause of her low temperature is monitor-
ing error.

7. Intraoperative hypothermia can be safely minimized
by:

a. Maintaining operating room temperature at 19◦C
b. Warming crystalloid solutions to 36◦C prior to IV admin-

istration and using convective forced-air warming
c. Warming refrigerated blood products to 36◦C in a

microwave oven prior to IV administration
d. Warming crystalloid solutions to 55◦C prior to IV admin-

istration

A N S W E R S

1. a
2. a
3. d

4. d
5. b

6. c
7. b
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Objectives
1. Review the use of mechanical ventilation in trauma.
2. Evaluate the role of mechanical ventilation in potentiating alveolar recruitment, optimizing

intrapulmonary gas distribution, and narrowing time constant discrepancies.
3. Discuss ventilatory management strategies for minimizing atelectasis and parenchymal lung

damage in critically injured patients.

P R E M I S E

Patients suffering severe trauma are at high risk for developing
respiratory failure: both acute lung injury (ALI) and the acute
respiratory distress syndrome (ARDS) (Appendix 1). Manage-
ment strategies for these patients should begin upon arrival at
the trauma center/emergency department by initially identify-
ing who is most likely to develop severe respiratory insufficiency.
The goal is to institute therapies early (i.e., “open lung” or “pro-
tective” lung ventilation) in the emergency room, the operating
room, and the intensive care unit in an effort to lessen the degree
or to prevent the formation of atelectasis and/or parenchymal
damage to the lung.

S TAT E M E N T O F T H E I S S U E

One of the most basic and paradoxically advanced clinical skills
in the practice of anesthesiology and critical care medicine is
the management of mechanical ventilation.

∗ITACCS Critical Care Committee Guidelines Participants: M. Parr, FRCP,

FRCA, FANZCA, FJFICM; R. Dutton, MD, MBA; L. J. Kaplan, MD, FACS;

J. G. Cain, MD; L. E. Pelinka, MD, PhD; C. Smith, MD; K. Tanaka, MD; A.

Giesecke, MD; H Bailey, MD, FAAEM; F. Lippert, MD; J. Stene, MD, PhD;

E. Talor, MD; and M. Hyder, MD.

Ideally, mechanical ventilation should potentiate alveolar
recruitment, optimizing intrapulmonary gas distribution and
narrowing time constant discrepancies. Ideal ventilator man-
agement should distribute pressure and volume to dependent
and nondependent regions proportionally.

Recommendations for ventilator management, culled from
several randomized, prospective trials, are suggested in Table
30.1. These recommendations refer to ALL locations where
patients may be located following injury: the emergency depart-
ment, operating room (OR), and intensive care units (ICUs).
For patients with respiratory failure who require surgery, if the
ventilator settings in the ICU exceed the capability of the OR ven-
tilator, then the patient should be taken to the OR on the ICU
ventilator, and remain on the ICU ventilator for the surgical pro-
cedure. The goal, from admission onward in these high-risk
patients, is to do no further harm.

AT E L E C TA S I S

Recent studies provide data that support the use of positive pres-
sure and low oxygen concentrations to minimize or reverse the
formation of atelectasis during mechanical ventilation and gen-
eral anesthesia. Atelectasis formation is also seen in the intensive
care unit in dependent lung zones.
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Table 30.1: Recommendations for Ventilator Settings

Tidal volumes 6–8 mL/kg

PEEP higher than the lower inflection point

Limit peak/plateau pressure to <35 cm H2O

Adjust I:E ratio and respiratory rate as needed to achieve above

Wean FiO2 to obtain paO2 80–100 mmHg (or an oxygenation
saturation of 93–97%)

Early conversion to pressure-limited modes of ventilation

PEEP, positive end-expiratory pressure.

Within five minutes of induction of general anesthesia,
increased densities appear in the dependent regions of both
lungs [1]. They develop with both intravenous (IV) and inhala-
tional anesthesia and whether the patient is breathing spon-
taneously or is paralyzed and ventilated mechanically [2].
Although atelectasis may not appear to be severe on chest x-
ray (CXR) or computed tomography (CT) scan, collapsed lung
comprises four times more lung tissue than aerated regions.
For this reason, a seemingly small amount of compressed lung
tissue can account for a significant increase in shunt fraction.
Of the three basic mechanisms of atelectasis formation that
have been proposed, compression and absorption atelectasis,
rather than loss-of-surfactant atelectasis, seem to be the major
offenders during anesthesia [3]. Another contributor to the for-
mation of atelectasis is high inspired oxygen concentration. An
FiO2 of 100 percent preinduction and prior to extubation both
contributes to atelectasis formation [4] and may explain a sig-
nificant part of the hypoxia seen in the postanesthesia care unit
(PACU). Inspired oxygen concentrations of 80 percent and 30
percent during anesthesia have been studied, and both result in
a decrease in atelectasis formation and shunt fraction [5]. How-
ever, during the acute trauma resuscitation phase, patients in
hemorrhagic shock may require 100 percent oxygen to augment
O2 delivery to ischemic tissues. In addition, the potential for a
difficult airway may be magnified in patients with vomiting,
facial injuries, or major cervical spine, tracheal, or soft tissue
neck injury. For these reasons, preoxygenation with 100 per-
cent O2, or early hyperoxygenation postintubation is routinely
practiced.

Fortunately, atelectasis formation with high inspired oxy-
gen concentrations can be avoided or minimized through the
use of either vital capacity maneuvers [6] or positive end-
expiratory pressure (PEEP) [7].

V E N T I L AT O R - A S S O C I AT E D LU N G I N J U RY

A variable contributing to the development of acute respi-
ratory failure may be iatrogenic: ventilator-associated lung
injury. There is increasing evidence that “traditional” high-
volume, low PEEP ventilator settings induce parenchymal dam-
age through overdistension or “stretch” of the aerated lung and
repeated opening and closing or “shear” of the collapsed dere-
cruited lung [8, 9]. This may result in disruption of the normal
alveolar integrity and can actually perpetuate the inflammatory

Table 30.2: Risk Factors for ARDS in Trauma Patients

Shock Gastric aspiration

Pulmonary contusion Near-drowning

Fractures Smoke inhalation

Multiple transfusions Fat embolism

Pneumonia Sepsis

Injury severity score >16 Blunt injury

Trauma score <13 Surgery to head

± admission lactate, pH, base
deficit, serum bicarbonate

Disseminated intravascular
coagulation

ARDS, acute respiratory distress syndrome.

response and lead to “bio-trauma” [10]. These phenomena have
been shown to occur in healthy lungs [11, 12] and in previously
damaged lungs.

Several researchers have published data that show that ven-
tilator management using low tidal volumes (6–8 mL/kg), lim-
iting distending pressure (transpulmonary, or plateau pressure
less than 35 mmHg) and setting PEEP above the lower inflection
point on the pressure–volume curve may decrease mortality,
decrease ICU length of stay, and decrease ventilator days [13,
14]. The largest prospective, randomized study to be published
to date is the multicenter ARDSnet trial [15]. Patients with
ALI/ARDS were randomized in a multicenter trial to either
“traditional” tidal volume ventilation (12 mL/kg) and end-
inspiratory plateau pressure less than 50 cm H2O or to “low-
volume” ventilation (6 mL/kg) with end-inspiratory plateau
pressure less than 30 cm H2O. The study was stopped early,
after the enrollment of 861 patients, because of a significant
decrease in mortality in the study arm group of patients (39.8
vs. 31%, respectively; P = 0.007).

AC U T E R E S P I R AT O RY D I S T R E S S
S Y N D R O M E I N T R AU M A

The incidence of ARDS in the trauma population has been
reported to be 12–39 percent, second only to sepsis as an etiol-
ogy [16]. Of the fourteen risk factors (Table 30.2) identified as
highly associated with subsequent development of ARDS, eight
of these may be seen early in the trauma patient (pulmonary
contusion, fractures, shock, multiple transfusions, gastric aspi-
ration, near drowning, smoke inhalation, and fat embolism),
and three may be seen late (several days or weeks) after admis-
sion to the trauma center (pneumonia, sepsis, and disseminated
intravascular coagulation [DIC]). Followed prospectively were
3,289 trauma patients, and those who later developed ARDS
were compared with those in the cohort who did not [17].
Logistic regression analysis between these groups showed that
blunt mechanism of injury, an Injury Severity Score more than
16, a Trauma Score less than 13, and surgery to the head were
significant risk factors. A more recent publication demonstrated
that the initial metabolic acidosis on presentation predicts the
development of ALI in trauma patients [18]. Prior studies had



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-30 CUFX276-Smith-v2 May 12, 2008 17:53

I T A C C S M A N A G E M E N T O F M E C H A N I C A L V E N T I L A T I O N ■ 4 6 7

shown inconsistent findings when evaluating base deficit, lac-
tate, pH, and serum bicarbonate concentration on admission
in multiply injured patients [19–21]. Early ARDS (less than
48 hours after admission) has been characterized by hemor-
rhagic shock and capillary leak, whereas late ARDS (more than
48 hours after admission) follows pneumonia and is associated
with multiple system organ failure [22].

During the initial stages of ARDS, increased capillary per-
meability results in lung edema. Positive pressure must exceed
the sum of interstitial pressures and superimposed hydrostatic
pressure to reopen lung units. Following the initial phase of
injury, alveolar edema becomes organized and is replaced by
fibrinous material. Recruitment maneuvers to open collapsed
alveoli become less effective as the response to pressure increases
on the ventilator begin to favor overdistension. Therefore, lung
recruitment needs to be instituted early in the course of respiratory
failure.

R E C RU I T M E N T

Frequently during mechanical ventilation, ALI/ARDS patients
are condemned to the supine position. Hypoxemia and hemo-
dynamic instability often discourage medical staff from chang-
ing patient position. In general, hospital beds are designed
specifically to accommodate the tradition of minimizing patient
movement. The supine position maximizes the compressive
effect of the heart, mediastinal structures, and rib cage. Supine
positioning concentrates the weight of the abdominal organs
posteriorly and cephalad. As a result, the abdominal contents
displace the crural portion of the diaphragm cephalad, en-
croaching on the thoracic cavity.

The greatest frequency of opening of lung units occurs
at about 25 cm H2O with the maximal frequency of esti-
mated transpulmonary opening pressures seen at pressures
between 20 and 25 cm H2O [23]. Gattinoni et al. have also
shown that recruitment occurs in a Gaussian, or normal, dis-
tribution mode, such that different regions of the lung are
recruited at differing pressures, ranging from 10 to 45 cm H2O
[27].

The majority of derecruitment occurs at PEEP values span-
ning 0–15 cm H2O, which is in the range of superimposed
pressure. Indeed, the average PEEP levels needed to maintain
oxygen saturation were 16.7 ± 2.3 cm H2O in ARDSexp and
15.6 ± 2.5 cm H2O in ARDSp in a recent randomized, prospec-
tive trial [24].

Overdistension creates dead space. Progressive overdisten-
sion initiates capillary compression and blood flow is redis-
tributed to less-ventilated regions, aggravating hypoxemia.
Recruitment of lung tissue requires sufficient airway pressures
to exceed the critical opening pressure of the airways. Lung
recruitment also requires time in addition to critical opening
pressure. As this pressure is reached and maintained, time allows
redistribution of delivered gas volume.

Early investigations in the research of ARDS looked at phys-
iologic changes in gas exchange, hemodynamic variables, and
respiratory system mechanics. More recently, a new body of
literature has given us an enhanced understanding of these
variables as correlated with findings seen on CT scans. This
has enabled us to further delineate pulmonary (“primary”
or “direct” insult) ARDS (ARDSp) from the extrapulmonary

(“secondary” or “indirect” insult) form (ARDSexp). ARDSp is
primarily a process of consolidation, with alveolar filling of fib-
rin, edema, blood cells, and collagen, as opposed to ARDSexp,
which presents with atelectasis of alveolar architecture accom-
panied by microvascular congestion [25, 26]. This corresponds
to the finding that ARDSp represents a “stiffer” lung, which may
not improve with PEEP, whereas in ARDSexp there is a stiffer
thoracoabdominal cage and a more compliant lung, both of
which improve with PEEP [27].

S P O N TA N E O U S B R E AT H I N G

Spontaneous breathing is a much ignored and yet crucial aspect
to improve ventilation/perfusion (V/Q) matching, as there is
a significant difference in the distribution of gas flow (V)
between controlled mechanical ventilation (CMV) and spon-
taneous breathing. Mechanical ventilation results in a tidal vol-
ume delivered to nondependent, poorly perfused lung units
(West’s Zone I), whereas spontaneous breathing is preferen-
tially directed to dependent lung regions where blood flow (Q)
is higher [28–30]. In addition, allowing the diaphragm to move
helps to maintain its muscle and it is then able to perform
one of its functions: keeping the abdominal contents out of the
thorax. Relaxation of the diaphragm into the posterior (depen-
dent) chest in a supine patient exacerbates alveolar collapse.
Underventilation of these lung units can then lead to shunt.
Spontaneous breathing does not lead to an increase in oxygen
consumption (VO2) [31].

Traditionally, spontaneous breathing in ALI/ARDS patients
is discouraged. Controlled ventilation frequently mandates
neuromuscular blockade or heavy sedation, which eliminates
the diaphragm’s potential to facilitate dependent lung ventila-
tion [32]. Furthermore, lack of diaphragmatic tone compounds
the cephalad displacement of the diaphragm [33]. The summa-
tion of these forces results in disproportionate underventila-
tion of dependent lung regions. Therefore, initial lung injury
combined with traditional management practices may further
amplify lung heterogeneity.

N O N I N VA S I V E P O S I T I V E P R E S S U R E
V E N T I L AT I O N

Noninvasive positive pressure ventilation (NIPPV) is a treat-
ment modality used most commonly in children and in patients
with chronic respiratory diseases. Recently, several researchers
have shown improved outcomes when patients with acute res-
piratory failure are managed in this manner. Trauma patients
may also benefit from this therapy.

A retrospective review of trauma patients with acute respi-
ratory failure showed an improvement in the PaO2/FiO2 ratio,
an increase in tidal volume and a decrease in respiratory rate
with mean pressure support level of 12 cm H2O and PEEP 4.5
cm H2O applied by face mask. The length of time for the use of
NIPPV was 6–144 hours [33].

NIPPV may be an alternative to endotracheal intubation
in certain trauma patients (i.e., those without facial injuries,
a mental status that permits both cooperation and the ability
to protect the airway, and a low suspicion of aspiration risk).
Either a nasal mask or a face mask may be used.
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OX YG E N T OX I C I T Y

In addition to its contribution to the formation of atelecta-
sis, oxygen used in high concentrations has been shown to
cause pulmonary damage indistinguishable from ARDS. High
concentrations of oxygen given during fluid resuscitation may
increase free-radical formation and contribute to reperfusion
injury. Consequently, it should be administered in doses suffi-
cient to maintain adequate tissue oxygenation but not in excess.
Most intensive care practitioners aim to maintain PaO2 between
8 and 10 kPa (or 60–80 mmHg). Although direct evidence is
lacking, these levels do not lead to tissue hypoxia unless tis-
sue perfusion is compromised by hypovolemia or hypotension.
The only exception to this rule is the management of patients
with severe head injuries. For these patients, provided cerebral
perfusion is maintained, a PaO2 of 10 kPa is sufficient.

A D E Q UAT E N U T R I T I O N / S O U R C E
C O N T R O L O F I N F E C T I O N / F LU I D A N D
E L E C T R O LY T E M A N AG E M E N T

While the purpose of these guidelines is to outline goals
to achieve with regard to mechanical ventilation in trauma
patients, it is well recognized that manipulation of the ven-
tilator alone (i.e., without meticulous care of the patient) is not
enough. For this reason, it is imperative to ensure early nutri-
tion, infection control, and fluid and electrolyte management.

R E C O M M E N DAT I O N S

■ Positive end-expiratory pressure (PEEP) should be
applied early (try to avoid “mandatory” statements).
Suggested initial setting is a PEEP greater than 10 cm
H2O, as most patients in the supine position derecruit
at PEEP levels between 10 and 15 cm H2O. Patients who
have undergone massive fluid resuscitation, those with
pulmonary contusions or direct pulmonary injuries,
in addition to the morbidly obese, may require higher
settings. Hypotension in the face of PEEP suggests
underresuscitation, and volume replacement should
continue. Some traumatic disease processes (i.e., neu-
rogenic shock, blunt myocardial injury, cardiac disease)
may require vasoactive supplementation.

■ Patients at risk for ALI/ARDS should have “open-
lung” techniques instituted before deterioration of
blood gases or findings on chest x-ray. PEEP, or mean
airway pressure, should be increased as needed to pre-
serve a PaO2/FiO2 ratio at the highest possible value.

■ Plateau pressure should be limited to less than 35
cm H2O. Ventilator-associated lung injury is known
to occur at transpulmonary pressures greater than 35–
40 cm H2O and at low PEEP settings. Because it is
not practical to measure transpulmonary pressure clini-
cally, a plateau pressure is an acceptable correlate. (How
to: decrease tidal volume, decrease respiratory rate,
increase inspiratory time, change to pressure modes of
ventilation – ± inverse-ratio ventilation).

■ Tidal volumes should be set at 6–8 mL/kg. Volu-
trauma due to overdistension (TV 10–15 mL/kg) causes

lung injury. This typically occurs at the upper end of
the pressure–volume curve, above the upper inflection
point. Volutrauma may be a result of high tidal vol-
umes, leading to overdistention injury, or to high PEEP
without concurrent limitation in tidal volume settings
(e.g., if an increase in PEEP is necessary to improve
oxygenation, peak/plateau pressures should be limited
by decreasing tidal volume or converting to a pressure-
limited mode of ventilation).

■ Spontaneous breathing should be allowed as much as
possible. This is true in the ICU and in the OR. Sponta-
neous breathing improves V/Q matching, cardiac out-
put, and renal blood flow. In addition, it may pre-
vent deconditioning of the respiratory muscles. (Many
operative procedures do not require neuromuscular
blockade.)

■ Noninvasive positive pressure ventilation (NIPPV) is
a useful adjunct. NIPPV may be possible instead of
intubation, and will decrease the risk of pneumonia.
Current studies show a proved benefit only in patients
with chronic obstructive pulmonary disease (COPD)
exacerbation. NIPPV may be beneficial in congestive
heart failure (CHF) and in patients with pulmonary
contusion, but a large prospective randomized trial has
yet to be completed.

■ Recruitment maneuvers should be done when
attempting to open collapsed alveoli. Because the
opening, or distending, pressure that is necessary to
open collapsed alveoli is higher than that required to
keep recruited alveoli open, pressure can be decreased
following the maneuver. After a recruitment maneu-
ver, PEEP should be increased from its previous level
to maintain alveolar patency. (Returning PEEP to the
baseline level will not ensure continued recruitment.)

■ Supplemental oxygen in high concentrations is toxic
to the lungs and should only be administered in doses
sufficient to maintain normal arterial oxygenation.
When oxygen is administered in high doses, arterial
blood gases should be measured as soon as possible and
the inspired concentration of oxygen should be adjusted
accordingly.

■ During manual ventilation, each manual breath
should be administered so that it is just possible to see
the chest rising and falling. Excess volumes and pres-
sures are easily administered and are just as dangerous
as those delivered by a ventilator. If available, peripheral
oxygen saturation and end-tidal carbon dioxide mon-
itors are useful guides to the adequacy of ventilation.
Aim for a SpO2 of 93–97 percent and ETCO2 of 4.5–6
kPa (35–45 mmHg).

■ Permissive hypercapnia. Several studies have shown
that patients will tolerate a pH greater than 7.2 with-
out cardiovascular compromise. In patients with a
marginal PaO2/FiO2 ratio, acceptance of higher PCO2,
in exchange for maintaining an adequate mean airway
pressure and limiting peak/plateau pressure, is reason-
able.

■ Patient positioning should optimize ventilation. Fre-
quent turning, suctioning, and chest physiotherapy will
promote ventilation/perfusion matching and improve
gas exchange. Patients can be mobilized and lifted out
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of bed even with devices such as chest tubes, pulmonary
artery catheters, and vacuum-assisted suction dressings
while on mechanical ventilation.

■ Role of intermittent prone positioning therapy.
Although the largest, randomized trial to investigate the
role of intermittent prone positioning therapy (IPPT)
did not show an overall benefit in mortality, subgroup
analysis demonstrated that some patients do respond to
this intervention with improved outcome: specifically,
those with high TV ventilation (12–15 mL/kg), a Sim-
plified Acute Physiology Score greater than 40, or those
with a PaO2/FiO2 ratio less than 150; that is, the most
critically ill patients [35]. In addition, a recent editorial
suggested that IPPT is an intervention that should be
considered to improve V/Q matching in patients who
do not respond to other methods of recruitment. It is
both a safe and an effective method that may decrease
mortality in trauma patients.

A P P E N D I X 1

Acute Lung Injury (ALI) is defined as:
(1) Acute onset, (2) bilateral infiltrates on CXR, (3)

PaO2/FiO2 ratio ≤200, and (4) noncardiogenic pulmonary
edema/infiltrates.

Acute Respiratory Distress Syndrome (ARDS) is defined as:
(1) Acute onset, (2) bilateral infiltrates on CXR, (3)

PaO2/FiO2 ratio ≤300, and (4) noncardiogenic pulmonary
edema/infiltrates.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Patients following traumatic injury are at risk for ARDS due
to

a. Aspiration
b. Massive transfusion
c. Ventilator mismanagement
d. Sepsis
e. all of the above

2. Inciting components of ventilator-induced lung injury
include all of the following except

a. Transpulmonary pressures >40 cm H2O pressure
b. High inspired FiO2

c. Low levels of PEEP
d. Prone position
e. Large tidal volumes

3. Interventions thought to provide alveolar recruitment
include all of the following except

a. “Sigh” breaths
b. Spontaneous breathing
c. Supine position
d. High PEEP
e. Pressure modes of ventilation

4. Noninvasive ventilation is preferred over endotracheal intu-
bation for patients with an obtunded mental status

a. True
b. False

A N S W E R S

1. e
2. d
3. c
4. b
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T R AU M A A N D R E G I O N A L A N E S T H E S I A

Shalini Dhir and Sugantha Ganapathy

Objectives
1. Discuss the mechanisms of acute pain after trauma.
2. Evaluate posttraumatic pain modalities.
3. Describe the use of regional anesthesia for trauma patients including brachial plexus blocks,

epidurals, and lower limb blocks.

I N T R O D U C T I O N

Pain is now considered the fifth vital sign. However, inadequate
treatment of pain is common and can result in chronic pain
syndromes in up to 69 percent of patients [1, 2]. This is more
likely in the trauma setting, as pain often is the last priority in
a patient who is hemodynamically unstable. Fortunately, this is
changing. The joint commission on Accreditation of Healthcare
Organizations recently stated that “unrelieved pain has physical
and psychological effects” and that the patient’s right to pain
management should be respected and supported and that pain
must be assessed in all patients [3].

Polytrauma involves injuries to multiple organs requiring
emergent or urgent surgeries. The involvement of the cen-
tral nervous system (CNS), cardiorespiratory system, as well
as peripheral limbs results in significant pain to the patient.
There is inadequate time to deal with such severe pain due to
the need for lifesaving surgical procedures. The caregivers are
often worried about masking clinical signs of major organ injury
involving the CNS, abdomen, and chest viscera. Caregivers at
the emergency site or in emergency rooms may be inadequately
trained on the pain management modalities that are currently
available. For a long time, regional blocks were not adequately
exploited in the emergency rooms for pain management, but
the trend is currently changing.

PA I N M E C H A N I S M S

Stress response following multiple trauma is far greater
than that after elective surgery [4]. Elevated levels of cat-
echolamines, cortisol, growth hormone, adrenocorticotropic
hormone (ACTH), activation of the renin-angiotensin sys-
tem, impaired coagulation, and altered immune response

account for major portions of mortality in trauma patients
[5]. Untreated pain may additionally contribute to an undesir-
able neuroendocrine response. Peripheral inflammation causes
induction of cyclooxygenase-2 (COX-2) [6], leading to release
of prostanoids that sensitize peripheral nociceptive terminals
and produce localized pain hypersensitivity [7]. In the acute
phase, this includes release of substances such as serotonin,
bradykinin, hydrogen ions, potassium, and acute-phase reac-
tants causing excitation of afferent fibers. These fibers converge
on substantia gelatinosa where spinal antinociceptive modu-
lation is expected to occur. Increased pain impulses arriving
at the substantia gelatinosa as well as expanded expression of
nociceptive input from A-β fibers result in spinal cord windup.
Peripheral inflammation also generates pain hypersensitivity
in neighboring uninjured tissue (secondary hyperalgesia) [8]
and increased neuronal excitability in the spinal cord (central
sensitization) (Figure ??) [9, 10].

Apart from this route of spinal excitation, release of
cytokines such as interleukin-1β (IL-1β) result in increased
expression of COX-2 receptors and messenger RNA in the
spinal cord. Release of mediators such as cytokines, purines,
leukotrines, neuropeptides, nitric oxide, and nerve growth fac-
tors may contribute to the chronic pain state by forcing the
spinal cord into a state of hyperexcitability sustained by intrin-
sic mechanisms [11].

Untreated pain can increase the adverse effects that trauma
has on normal physiologic functions such as ventilation, hemo-
dynamics, and gastrointestinal and renal function. Further
compromise of these already impaired functions can result in
increased mortality and morbidity [14].

Whipple et al. [12] assessed pain treatment in patients with
multiple trauma wounds and found that though 81 percent of
nurses and 95 percent of house staff considered pain as ade-
quately managed, 74 percent of patients rated their pain as

4 7 1
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PREOP COX 2 INHIBITORS
Inhibit: increase CSF IL-6 and PGE2 (dose response)
Inhibit: tissue PGE2 (no dose response)
No Change with tissue IL-6 

↑ central sensitization & pain hypersensitivity

Central sensitization & spinal cord windup
Activation of neurons & dorsal horn excitability 

↑ Blood IL-6 & IL-1β 

Up regulation of COX 2 in CNS
↑ CSF PGE2
↑ CSF IL-6

↑ CSF PGE2 & IL-8 

INFLAMMATORY MEDIATOR RELEASE AT SITE OF INJURY
 TNFα, IL-6, arachidonic acid, PGE2, Bradykinin

PERIPHERAL INFLAMMATION

TISSUE INJURY

Figure 31.1. Diagrammatic representation of pain modulation with injury.

moderate or severe. Adequate treatment of pain in trauma
patients has been shown to reduce morbidity and improve
short- and long-term outcomes [4, 13, 14]. Thus, it is important
to manage pain after trauma adequately. Most studies involving
trauma patients are based on surgical trauma and care must be
taken to extrapolate these findings to patients involved in acci-
dental trauma. Nevertheless, it is becoming increasingly appar-
ent that the proper treatment of pain is essential to optimize
outcomes in trauma victims [4].

P O S T T R AU M AT I C PA I N T H E R A P I E S

In the acute phase, an ideal method of managing pain in the
trauma victims is one that is safe, simple, provides predictable
and lasting analgesia, and does not interfere with respiratory
or hemodynamic stability (Table ??). Even though short-acting
opioids are commonly used as primary treatment in the initial
stage, combining them with multimodal analgesia [5] can result
in improved analgesia, both during the acute phase and during
ongoing care [15].

Localized and regional pain can be treated effectively by
local, regional, or neuraxial analgesia. Regional blocks pro-
vide great selectivity and fewer hemodynamic side effects than
neuraxial blocks [16]. They can also provide unilateral blocks,
which is of great importance if continuous neurologic assess-

ment is needed. They can reduce or eliminate the need for
opioids and thus facilitate neurologic monitoring apart from
reducing adverse side effects, such as nausea, sedation, and
vomiting. One particular advantage of regional anesthesia is
rapid recovery and ability to protect the airway.

Regional blocks have played a major role in allowing
patients to be transferred to tertiary care centers from a triage
area [17]. Buckenmaier and his group [17] have documented
initiating these blocks in the triage area with simple equipment,
thus obviating the need for higher-level airway management for
transportation. The quality of pain relief provided by regional
blocks is superb compared with intravenous opioids or oral
analgesics [18–20]. They can be used for surgical anesthesia as
well as postoperative analgesia, making them an ideal choice in
a patient with full stomach or other injuries, such as unstable
cervical spine, that make general anesthesia risky. They can be
used for much-needed, repeated dressing changes or debride-
ments, which can be very painful. For example, Lopez et al.
[21] examined and demonstrated the analgesic efficacy of fas-
cia iliaca blocks for femoral fractures in the prehospital setting,
either at the scene of accident or in the ambulance. Physical
therapy and rehabilitation can also be facilitated with the use
of continuous regional techniques [22].

In the recovery phase, regional blocks with local anesthet-
ics can be used in peripheral or neuraxial form depending on
the requirement. Opioids, local anesthetics, and a variety of
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Table 31.1: Desired Characteristics of an Ideal Analgesic
Technique in Trauma

Safe

Simple

Predictable

Extended analgesia

Minimal hemodynamic disturbance

Minimal respiratory disturbance

No interference with neurologic monitoring

High degree of patient acceptance

Minimal complications

Reduces chronic pain

Economical

Minimal effect on immunity

adjuvant drugs can be used in continuous or intermittent forms
neuraxially or peripherally.

Regional blocks have an important role in preventing and
treating posttraumatic neuropathic pain states [22, 23], as well
as phantom limb pain in amputees. Traumatized patients who
have gone on to develop complex regional pain syndrome
have been documented to benefit from continuous regional
blocks because they prevent recrudescence of their complex
pain symptoms [24]. Thus, regional anesthesia and analgesia
have a major role to play in the management of pain in trauma
patients.

P R E H O S P I TA L A N D E M E R G E N C Y R O O M
M A N AG E M E N T I N A D U LT T R AU M A

Prehospital emergency care of pain management in trauma is
poorly understood and managed. The primary aim is to stabi-
lize vital functions, diagnose life-threatening conditions, avoid
worsening of injuries, and transport to Level 1 trauma centers
expeditiously. Most often, pain management takes a back seat in
such a scenario. Ideally, after resuscitation, airway control, cer-
vical spine immobilization (if indicated), and vascular access,
pain management should begin. Pain control procedures may
include simple measures such as rewarming, communication,
fracture splinting, oxygenation, as well as pharmacologic agents
given locally, regionally, and/or systemically.

Prehospital Pain Management

Regional analgesia can benefit a patient in the prehospital set-
ting if patients are selected appropriately and a correct technique
is chosen. In a trauma patient with crush injuries, fractures,
and burns limited to a limb, nerve blocks can provide an attrac-
tive pain management alternative to systemic opioids without
hemodynamic instability. A baseline neurologic examination is
mandatory to rule out any adverse neurologic outcomes that
may contraindicate or make regional anesthesia unsafe.

For upper limb injuries, the brachial plexus can be blocked
at various locations depending on the site of injury. A portable
nerve stimulator or ultrasound is needed for a high degree of
success. The axillary approach is easy and free from hazardous
side effects such as pneumothorax, and has been used to provide
effective analgesia such as when the arm is trapped in machinery.

In France, femoral nerve block is extremely popular in the
prehospital setting because it is simple, quick, and safe [25]. It
has become routine for transport of adult and pediatric patients
with fractured shaft of the femur, and is being taught to the
majority of physicians involved in prehospital care in France.

Other distal nerve blocks such as ankle, digital, or wrist
are possible but not usually put into practice. Intercostal nerve
blocks are helpful in the prehospital setting to relieve pain in
thoracic trauma and reduce opioid requirements. There is a
potential risk of pneumothorax as well as local anesthetic toxi-
city due to rapid absorption.

Interpleural analgesia is also useful especially when a chest
tube is already in situ. Because of the need for spinal column
protection, neuraxial blocks are not an option at the triage site,
although they may be considered once the patient is in the
hospital.

Personnel performing these blocks must be appropriately
trained and have good experience in a hospital setting before
attempting blocks in a field setting. After the block, the limb
needs to be immobilized and padded to avoid fracture displace-
ment and further trauma during transport.

Emergency Room Pain Management

The above-mentioned techniques can be used in the emergency
room as well. There is greater availability of drugs, techniques,
equipment, and personnel. Almost all emergency rooms now
have ultrasound equipment available, which allows the use of
techniques that may be difficult in the prehospital setting. Elic-
itation of motor twitches for initiating regional blocks with
the use of a peripheral nerve stimulator can be painful in a
trauma patient, necessitating deeper sedation. Ultrasonogra-
phy can obviate the need of peripheral nerve stimulation for
initiating these blocks as the needle and drug spread can be
seen.

For pain management, a variety of analgesic blocks such as
proximal sciatic, femoral, popliteal, brachial plexus, and other
isolated nerve blocks can be done in the emergency room envi-
ronment. Because the emergency room provides a more sterile
environment, continuous analgesia by nerve block catheters can
be provided as catheters placed in unsterile environment have
the potential disadvantage of serving as a nidus of infection [17].

R E G I O N A L T E C H N I Q U E S I N T R AU M A

Upper Limb Nerve Blocks

Trauma patients with upper limb injury are challenging. One
must assess the patient’s medical history, other injuries includ-
ing preexisting neurologic injuries, and capability to give
informed consent and cooperate during block placement. Avail-
ability of landmarks and proper positioning for block place-
ment are important to ensure success and avoid complications.
Trauma patients are not good candidates for deep sedation
during block placement due to the potential for vomiting and
aspiration and the possibility of coexisting head injury.
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Interscalene Brachial Plexus Block

Interscalene block provides the most reliable anesthesia and
analgesia for injuries around the shoulder and upper arm [26].
Injuries near the shoulder are often associated with injuries to
the brachial plexus on account of their proximity. Pain and ban-
dages may prevent a detailed neurologic examination prior to
the block. If there has been any underlying neural compromise
(trauma or otherwise), additional nerve injuries during initi-
ation of the block may result in a “double-crush syndrome”
[27], causing new or worsening neurologic symptoms postop-
eratively [28]. Injuries and surgeries around the shoulder have
been documented to result in neurologic deficits in 1–67 percent
of patients [29–31]. Thus, it is important that patients are aware
of the risk of neurologic injury due to trauma/surgery as well as
due to the block. Alternate approaches to the brachial plexus in
the interscalene area, such as the posterior approach of Pippa
et al. [32] or the modification of Boezaart et al. [33], may have to
be utilized in certain patients. Continuous interscalene blocks
have been documented to provide a safe and effective means
of providing perioperative analgesia and patient comfort fol-
lowing shoulder surgery (Figure ??) [20, 34]. Interscalene block
is associated with 100 percent incidence of diaphragm paresis,
which can last up to 6 hours [35–37]. One has to be careful
not to initiate an anesthetic block in the presence of contralat-
eral diaphragm weakness, pneumothorax, or lung injury so
that there is no additional respiratory compromise. Contralat-
eral diaphragm weakness might be difficult to evaluate in the
emergency scenario. Trauma is one situation where use of ultra-
sound for initiating this block will provide the maximum benefit
of safety and comfort. Peripheral nerve stimulation, which is
painful, can thus be avoided.

For optimal block performance, one needs to rotate the
neck to the contralateral side, which may not be possible in
patients with neck trauma or cervical spine injury. Fractured
clavicle may also distort the anatomy in this area making tradi-
tional techniques more difficult to use. Accidental intravascu-
lar injection or epidural/intrathecal spread may be particularly
undesirable in a hemodynamically unstable patient. Swelling
at the site of block as well as skin lacerations may make fixa-
tion of the catheter more difficult and increase the potential for
catheter infection.

Figure 31.2. Interscalene block for shoulder surgery.

Figure 31.3. Ultrasound-guided supraclavicular block.

Brachial Plexus Blocks Around the Clavicle

Supraclavicular block can be used for injuries sustained below
the shoulder. The block also provides adequate shoulder analge-
sia in 30–40 percent of patients. The supraclavicular approach
is feared by many because of the potential risk of pneumoth-
orax. In a series of 1,001 supraclavicular blocks performed by
both residents and consultants, Franco and Vieira [38] reported
no pneumothorax or any other major complications, and the
success rate was 97.2 percent. Use of ultrasound adds a margin
of safety (Figure ??, see also color plate after p. 294). The advan-
tage of the supraclavicular approach is that it can be initiated
with the lowest dose of local anesthetic and thus may be useful
if multiple blocks are done in a patient to keep the total anes-
thetic dose in the safe range. If the patient already has a drained
pneumothorax on the ipsilateral side, the risk with this block
is not exaggerated. If the patient has contralateral chest injury,
we recommend use of ultrasound for initiating this block.

The infraclavicular area is particularly convenient to initiate
a continuous catheter block, requiring minimal or no move-
ment of the injured arm (Figure ??, see also color plate after p.
294). The risk of pneumothorax is significantly less with this
approach. This block also lends itself to more secure catheter
fixation as well as the use of ultrasound for initiation of the block
[39]. This block can also be used for managing complex regional
pain syndrome of the upper limb following trauma. The

Figure 31.4. Ultrasound guided infraclavicular block.
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Figure 31.5. Ultrasound image of axillary area.

infraclavicular approach is quite useful in the trauma patient,
especially with cervical spine injury, as it can be performed with
the head and neck in the neutral position. There is no impair-
ment of respiratory function [40, 41].

Axillary Brachial Plexus Block

Although axillary block was once considered the least successful
approach to the brachial plexus, use of ultrasound and mul-
tistimulation techniques have made this an attractive option
for hand and forearm trauma. Because the artery is in a com-
pressible location, use of this block is particularly attractive in a
patient with coagulopathy. The total dose required for this block
is higher than that needed with the supraclavicular approach.
This block may be difficult in the presence of vascular injury in
the axillary area. There is also the need of abducting the arm
and manipulating its position, which may not be possible in
certain instances.

Of all the approaches to the brachial plexus discussed above,
the chances of incomplete block are the highest with the axillary
approach because of dividing septae in the axillary sheath that
may prevent spread of local anesthetic to all the branches of the
plexus [42], as well as failure to anesthetize the musculocuta-
neous nerve that lies outside the sheath in this location [43].
Ultrasonography again contributes to improved success with
this approach, as individual nerves can be target blocked for
adequate analgesia (Figure ??) [44]. Continuous axillary blocks,
though used in the past by many pain physicians for ongoing
analgesia, may be associated with higher failure rates, catheter
infections, and kinking [45, 46] and have been largely replaced
by other techniques.

Wrist Blocks

Radial, median, and ulnar nerves can be blocked at the wrist
either to supplement an incomplete block or for distal hand
surgeries requiring individual nerve blocks only. Often, these
techniques can be used to provide analgesia following internal
fixation of digits and soft tissue injuries. Again, these blocks can
be done elegantly using ultrasonography with minimal local
anesthetic.

Lower Limb Nerve Blocks

Nerve Blocks of the Lumbar Plexus
In patients with unilateral lower limb trauma who are not

candidates for epidural blockade, lumbar plexus and sciatic
nerve blocks can provide excellent pain relief for surgery of
femur fractures [47], hip fractures [48], and tibial plateau frac-
tures [49].

Analgesia to the anterior aspect of the thigh can be pro-
vided by an anterior approach (femoral, obturator, and lateral
cutaneous femoral nerve) or by a posterior approach (psoas
compartment block).

Positioning may be a challenge in trauma patients when
planning a posterior approach. Judicious use of IV analgesics
may be beneficial when positioning the patient.

Psoas Compartment Block
The lumbar plexus can be blocked from a posterior

approach by using the psoas compartment block. Because the
final positioning of the needle is within the body of the psoas
muscle through which the lumbar plexus traverses, it is thought
to be the most consistent approach to block the entire lumbar
plexus with a single injection. It is useful for providing con-
sistent anesthesia in the distributions of the femoral, lateral
femoral cutaneous, and obturator nerves. Psoas compartment
block reduces intraoperative blood loss, provides quality anal-
gesia, and improves functional outcome [50].

The chief problem with psoas compartment block is ipsilat-
eral quadriceps weakness that may prevent adequate ambula-
tion. Complications of this deep block include epidural spread,
spinal anesthesia [51, 52], peritoneal injection [53], IV injec-
tion [54], renal injury [55], urinary retention, and infection.
Because the psoas compartment is a deep block, it can be tech-
nically challenging to perform.

In contrast to all other peripheral blocks, this block should
be treated similarly to neuraxial block with regard to coagu-
lopathy [56]. There have been many reports on retroperitoneal
hematoma after lumbar plexus block with thromboprophylac-
tic treatment [57, 58]. Auroy et al. report the incidence of cardiac
arrest to be as high as 1 in 400 due to intrathecal spread with the
posterior lumbar plexus blocks [52]. Positioning for this block
in a traumatized patient may be difficult. A peripheral nerve
stimulator is required.

Continuous lumbar plexus blocks provide analgesia after a
variety of operations including hip and knee arthroplasty, open
reduction and internal fixation of acetabular fractures, open
reduction and internal fixation of femur fractures, and anterior
cruciate ligament (ACL) reconstruction [59].

Femoral Nerve Block
Indications for femoral block include analgesia for femoral

shaft fractures, ACL repair, and tibia plateau fractures. It is
known to reduce pain scores [60]. It is an easy block to teach and
learn and it provides good analgesia for patients with femoral
fractures [61].

Continuous femoral nerve block provides improved anal-
gesia after major ligament reconstructions following trauma
[62, 63]. Use of stimulating catheters has been documented
to improve the accuracy of catheter placement as well as the
success with this block [64]. However, insertion of stimulating
catheters may be painful in a traumatized patient. We use a
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combination of ultrasound (US) and peripheral nerve stimula-
tion (PNS) to reduce local anesthetic requirements and improve
success with this block. Motor blockade of the quadriceps may
pose problems with ambulation.

Fascia Iliaca Block
The indications for this block are the same as for femoral

nerve block, and continuous blocks have been described for
analgesia after femur fracture repair, skin graft harvesting, and
ACL repair. As with femoral nerve blocks, the catheter location
is highly unpredictable [65] and seems to depend on the nerve-
seeking techniques. In 1989, Dalens and colleagues described
this technique initially without the use of a nerve stimulator
with a high success rate in anesthetized children [66]. Contrary
to the common belief, neither femoral nor fascia iliaca blocks
anesthetize other nerves in this area predictably. Thus, a trauma
patient may still perceive some pain in the areas supplied by the
obturator, sciatic, and lateral femoral cutaneous nerves and one
should be prepared to provide rescue analgesia or block these
nerves separately.

Saphenous Nerve Block
This block is often combined with a sciatic block to provide

analgesia for the medial aspect of the foot in patients with ankle
or forefoot fractures and to prevent tourniquet pain. The saphe-
nous nerve is a purely sensory nerve and does not contribute to
the bony innervation of the foot.

Sciatic Nerve Block
This block can be done at various levels of the sciatic nerve

either anteriorly or posteriorly. Analgesia to the posterior com-
partment of thigh and most of the lower leg can be provided by
sciatic nerve block. Labatt’s classic approach, midway between
the sacral hiatus and greater trochanter, lends itself both for
single-injection blocks as well as for continuous catheter tech-
niques [67]. The patient has to be positioned in the Sim’s posi-
tion for initiating this block. The anterior approach allows one
to perform sciatic nerve block in supine position in patients
who cannot be positioned on the side with flexion of hip and
knee. The success rate of the anterior approach is relatively low.
A possible explanation is the inaccessibility of sciatic nerve from
the anterior approach in a high percentage of patients [68]. In
this approach, the landmarks may be painful to palpate, and
there is potential for injuring the femoral nerve as the needle is
advanced toward the sciatic nerve (Figure ??).

Block of sciatic nerve before it divides in the popliteal fossa
is excellent for operations on the lower leg, ankle, and the
foot. This block allows patients to ambulate using crutches as
it avoids proximal hamstring motor weakness. The block has
been performed bilaterally without problems [69]. Blockade
of the femoral nerve or its components such as the saphenous
nerve is required for analgesia of the tourniquet area. Contin-
uous infusion of local anesthetic via a popliteal sciatic nerve
block in an ambulatory setting for planned surgery has been
shown to reduce pain scores, opioid consumption, and sleep
disturbances [70].

Ankle Block
Ankle block is a combination of individual nerve blocks

around the ankle and can be done easily with a low rate of
complications and a high rate of success [71, 72] for opera-

Femoral V.

Femoral A. Femoral N.

Sartorius M.

Rectur 
Femoris M.

Vastus 
Lateralis

M.

Femur

Gluteus 
Maximus M.

Sciatic N.

Inf. Gluteal A.
Ischial Tuberosity

Figure 31.6. Anterior approach to sciatic nerve.

tions on the foot such as fracture of toes, soft tissue injuries,
removal of foreign body, amputations, and debridement. It is
a relatively easy and safe block to perform, but multiple punc-
tures are involved. A single case of compartmental syndrome
after revision of forefoot arthroplasty under ankle block has
been reported [73]. However, prompt surgical intervention pre-
vented long-term sequelae in this case. This complication rein-
forces the fact that careful postoperative observation is manda-
tory when regional blocks are used for trauma patients.

IV Regional Anesthesia

IV regional anesthesia is simple to administer, reliable, and cost-
effective. It is also called Bier’s block and is ideal for short oper-
ative procedures on extremities. Although all local anesthetic
drugs have been used with good success, cardiotoxic drugs such
as bupivacaine can lead to cardiovascular collapse in the emer-
gency room when used for fracture reductions [74]. It is pru-
dent to use drugs such as lidocaine and prilocaine for this block.
Various groups have advocated addition of adjuvants such as
opioids, nonsteroidal anti-inflammatory drugs (NSAIDS), tra-
madol, clonidine, and muscle relaxants to the local anesthetic
for IV regional anesthesia to improve block efficacy, decrease
tourniquet pain, and prolong duration of postdeflation anal-
gesia [75]. IV regional anesthesia does require exsanguination
of the limb with a tight Esmarch bandage, which may be very
uncomfortable in an injured limb. It is commonly used in emer-
gency rooms with a high degree of success and safety. However,
unplanned deflation of the tourniquet can result in local anes-
thetic toxicity. It is not a suitable technique for prolonged or
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repeated procedures. Lower limb IV regional anesthesia is not
commonly used because of lack of clinical experience, difficulty
in locating veins in the foot/ankle, thigh tourniquet pain, and
the requirement of large volumes of local anesthetic compared
with upper limb IV regional anesthesia [59]. Continuous IV
regional anesthesia has been described with repeated injection
of local anesthetic via the indwelling cannula after initial defla-
tion [76].

Fracture Infiltrations

The principle of this technique is to desensitize the periosteum
in the region of fracture by injection of local anesthetic into
the fracture hematoma. It is a simple technique to perform.
Risks include infection, rapid absorption of local anesthetic,
significant increase in pressure in the carpal tunnel [77], and
neurologic complications resulting from scarring and fibrosis
secondary to this increase in pressure [78].

H E A D A N D N E C K N E RV E B L O C K S

Various nerves can be blocked in the head and neck region
for trauma-associated pain. More than 80 percent of patients
reported good pain relief following occipital nerve blocks
for postconcussive headaches [79]. Bilateral infraorbital nerve
blocks have been shown to provide excellent analgesia in lip and
sinus surgery [80] and the technique can be applied to facial lac-
eration repairs [81]. Direct infiltration of local anesthetic into
the face is very painful and requires multiple injections. Vol-
umes of local anesthetic sufficient to produce adequate anes-
thesia can cause distortion of the tissue, hindering the identi-
fication of margins. Intraoral nerve blocks, used routinely by
dentists, can achieve safe and effective anesthesia of the anterior
face [82].

Stellate ganglion block is a selective sympathetic block that
affects the ipsilateral head, neck, upper extremity, and upper
part of the thorax. Blockade of the stellate ganglion is an estab-
lished and highly effective diagnostic and therapeutic procedure
for management of certain acute and chronic pain syndromes or
other disorders. Sympathetic blockade occurs and this may be
beneficial in certain injury states [83], but the inability to assess
the pupillary changes can confound neurologic monitoring in
head-injured patients. Convulsions are a recognized complica-
tion during inadvertent intraarterial injection during stellate
ganglion block [84]. Stellate ganglion block decreases cerebral
vascular tone without affecting the capacity of cerebral blood
vessels to react to the changes in carbon dioxide or to autoregu-
late. This may have a therapeutic role in patients where cerebral
insufficiency can be attributed to cerebral vasospasm [85].

E P I D U R A L O P I O I D S

Though it is recognized that epidural opioids are not the
“magic bullets,” nonetheless, they are a significant component
of contemporary prevention and treatment of postoperative
pain in patients who have undergone upper abdominal or tho-
racic surgery and selected orthopedic procedures [86]. Typi-
cally, combinations of very low concentrations of long-acting
local anesthetics with a lipid-soluble opioid provide near-ideal
clinical conditions such as low pain scores, stable hemody-

namics, and minimum motor block. However, even at low
doses, local anesthetics may have catastrophic consequences
[87]. Motor block, however little, can affect the neurologic
monitoring in a trauma patient. Motor function can be pre-
served by omitting local anesthetics from the epidural regime
entirely. Local-anesthetic-free, opioid-based epidural analgesia
may hold this promise. However, delayed respiratory depres-
sion, pruritis, incomplete analgesia, and urinary retention must
be kept in mind. Aggravation of preexisting or subclinical neu-
rologic deficit is also possible with neuraxial intervention [88].

D O C U M E N TAT I O N O F B L O C K P R O C E D U R E

It is important to document the block procedure meticulously
and in a standardized format, because many trauma patients
may also be involved in litigation pertaining to their injury. Any
additional injury resulting from the regional blocks may be crit-
ically looked upon by law. In our hospital, we use a form gen-
erated for this purpose (Figure ??). This form has incorporated
the sedation administered during the procedure and documents
the details of the procedure and the common adverse events
specifically, such as paresthesia, pleural puncture, intravascular
injection, and pain on injection. This form also documents the
administration of multimodal analgesia.

S P E C I F I C PAT I E N T C O N S I D E R AT I O N S

Pediatric Patients

Nerve blocks may be appropriate for children in an acute setting
and include intercostal and interpleural blocks for chest trauma
and peripheral nerve blocks for limb fractures. As patient coop-
eration is necessary for nerve blocks, heavy sedation and/or gen-
eral anesthesia may be necessary to initiate some of the blocks.

Upper limb blocks in children can be used for laceration
repairs, closed reduction, or open surgical repair. Caudal and
epidural blocks are not recommended in trauma patients with
lumber spine injuries or severe dehydration. Femoral-sciatic
nerve blocks have been shown to provide superior quality
analgesia and reduced opioid requirements for knee surgery
in children [89]. Foot and ankle surgery in children is very
painful postoperatively. Continuous popliteal nerve blocks pro-
vide excellent postoperative analgesia and are associated with
less urinary retention, nausea, and vomiting compared with
epidural blocks for foot and ankle surgery [90]. Continuous
peripheral nerve blocks with the help of elastomeric pumps in
children have been shown to provide excellent analgesia with
no adverse events [91]. Greater auricular nerve blocks for ear
surgery in children have been shown to provide better or equiva-
lent parent/child satisfaction than morphine [92]. Paravertebral
block for postthoracotomy pain in young infants [93, 94] has
been done to provide excellent pain relief. Despite all of these
findings, application of these techniques in injured pediatric
patients unfortunately is lacking.

Pregnant Patients

In the pregnant patient with trauma, regional blocks can play
an important role as they do not jeopardize maternal hemody-
namic stability and fetal well-being. Many peripheral injuries
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Figure 31.7. Form used for block procedure.
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can be managed entirely with regional anesthesia and analgesia
with minimal effects on the mother or fetus.

Geriatric Patients

In patients with isolated orthopedic injuries, regional anesthe-
sia becomes a viable consideration. Regional anesthesia in hip
fracture patients has been associated with a lower incidence
of postoperative thromboembolism [95]. If minimal sedation
is given, mental status and respiratory function can be well
preserved. Patients with isolated upper extremity fractures are
often good candidates for regional anesthesia. However, careful
evaluation and documentation of the preoperative neurologic
status of the affected limb is critical [96].

S P E C I A L T R AU M A T Y P E S

Blunt Chest Trauma

Chest wall trauma is a strong indicator of severe internal injury,
especially with rib fractures. Severe thoracic injuries compro-
mise respiratory mechanics, increase the incidence of pul-
monary infections, exacerbate underlying lung injury and pre-
existing lung disease, and predispose to respiratory failure. The
cornerstone of management is early institution of effective pain
relief [97].

Kerr-Valentic et al. [98] showed that, despite intensive pain
therapy, patients with rib fractures are still in pain 30 days
after injury. To reduce mortality and morbidity, aggressive
pain management is mandatory in chest trauma patients [99].
Numerous studies have shown that thoracic epidurals with local
anesthetic and/or opioid combinations provide improved pul-
monary function and reduce pulmonary complications [100].
Moon et al. [100] showed that epidural analgesia significantly
reduced pain with chest wall excursion compared with patient-
controlled analgesia (PCA). The route of analgesia did not affect
the catecholamine response. However, serum levels of IL-8 (the
proinflammatory chemoattractant implicated in acute lung
injury) were significantly reduced in patients receiving epidu-
ral analgesia on days 2 and 3. This may have important clinical
implications because lower levels of IL-8 may reduce infectious
or inflammatory complications in the trauma patient. Tidal vol-
ume and maximal inspiratory force also improved with epidu-
ral analgesia by day 3. These results demonstrate that epidural
analgesia is superior to PCA in providing analgesia, improving
pulmonary function, and modifying the immune response in
patients with severe chest injury. The main problem with the
use of epidurals is hypotension. There is also the potential for
infection in the presence of open wounds and abdominal injury
and respiratory depression with the use of highly lipophilic nar-
cotics in the epidural space [101].

In patients where epidural is not considered a good choice,
interpleural analgesia has been suggested as an alternative tech-
nique [102]. The main complication of interpleural analgesia
is pneumothorax, the incidence of which is less than 5 percent.
Local anesthetic toxicity can occur after repeated boluses. The
chest tube should be clamped after a bolus for the block to be
effective, which might not be practical in a patient with thoracic
trauma [97].

Intercostal nerve blocks are relatively simple to perform
and are effective in managing rib fracture pain [103]. However,

problems with such blocks are inconsistent analgesia due to
single-shot technique and the requirement of multiple punc-
tures at various levels with the risk of pneumothorax, high blood
levels of local anesthesia, and lack of effect on visceral pain.
Respiratory function improves after intercostal nerve blocks.
Paravertebral block, on the other hand, is a simple and effective
method of providing continuous pain relief in patients with
unilateral multiple rib fractures [104]. Continuous thoracic
paravertebral infusion of local anesthesia has been shown to
provide pain relief, and a sustained improvement in respira-
tory parameters and oxygenation in patients with multiple rib
fractures [105, 106].

Hip and Femoral Fractures

In a randomized, controlled trial, Fletcher et al. [107] demon-
strated that femoral block provided analgesia more quickly than
IV morphine in patients with femoral neck fractures. They also
demonstrated that it was possible to teach district hospital emer-
gency medical staff to perform femoral blocks successfully and
safely in a short period of time despite minimal experience
in regional anesthesia. These blocks also reduce perioperative
blood loss during orthopedic surgery [108]. They can also be
used to position the patient for spinal anesthesia for femoral
neck fractures [109].

Burn Injuries

Major burn injuries are devastating, and often require pro-
longed hospital stay and major psychologic and physical reha-
bilitation (see Chapters 20 and 21). These patients need frequent
dressing changes and wound debridement, and it is well known
that the patient’s assessment of pain is different from that of
the health care provider. For example, half of all burn patients
reported inadequate analgesia for dressing changes [110]. A
large number of burn patients will go on to develop chronic
pain [3]. Aggressive pain management is therefore of utmost
importance in such patients to improve outcomes and reduce
the risk for developing chronic neuropathic pain.

Regional techniques are limited in patients with a large per-
centage of burn area. The burn and donor sites may extend
beyond the area that can be covered by a single block. However,
the use of continuous epidural, continuous nerve blocks, and
subcutaneous infiltration has been described [111, 112]. Tho-
racic and lumbar epidural anesthesia techniques may be used
for dressing changes involving the chest and abdomen. Brachial
plexus blockade may be used for the upper extremity.

The potential for catheter-related infections may be high in
this subpopulation. Fixation of the catheter may pose a major
problem. For burns limited to a limb, continuous nerve blocks
with the insertion of a catheter is an attractive option for pain
control as well as for dressing changes and frequent wound
debridement. Though use of dilute solutions (0.125% bupiva-
caine) can provide excellent analgesia, higher concentrations
(0.5% bupivacaine) may be required for the analgesic needs of
dressing change [113].

Phantom Limb and Stump Pain

Management of amputation-related pain is extremely impor-
tant. Almost all amputees experience stump pain immediately
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after surgery [114]. This is expected after major surgery and if no
contraindication exists, it is best managed by continuous epidu-
ral or continuous nerve block catheter. The pain that persists
beyond the expected healing time after amputation is defined as
persistent stump pain and the prevalence ranges between 5 and
22 percent [115–117]. Causes of stump pain include ischemia,
surgical trauma, inflammation, skin infection, osteomyelitis,
bone spurs, scar tissue, referred pain, neuromata, and ill-fitting
prostheses leading to skin ulcers and infection. Treatment of
stump pain is the treatment of its causes. Phantom limb pain
is, however, a different entity and its prevalence varies from
2 to almost 98 percent [117]. The cause of phantom limb
pain is multifactorial. Deafferentation, CNS neuroplasticity,
and unknown peripheral mechanisms are among the etiologies
[118]. Many studies have shown beneficial preemptive effects
of epidural analgesia for preventing phantom limb pain [119–
121]. Perineural catheters for amputation surgery provide good
analgesia [122, 123].

In a study by Flor et al., amputation stump anesthesia pro-
duced by brachial plexus blockade abolished all aspects of cor-
tical reorganization that could be identified by neuroelectric
source imaging, while at the same time it virtually eliminated
the current experience of phantom limb pain [124]. The com-
bination of long-term regional analgesia with prolonged block
of N-methyl-d-aspartate receptors appears to be a promising
preventive strategy for phantom limb pain following traumatic
amputations [125]. Because of the well-documented benefits
of surgical and postoperative analgesia in preventing phantom
pain, epidural for lower limbs and regional nerve blocks for
upper limbs should be strongly considered for all amputations.

Traumatic Brain Injury (TBI)

TBI is a common cause of pain and disability. The prevalence
of pain (acute and chronic) largely depends on the severity of
TBI. In patients with mild TBI (e.g., head injuries without loss
of consciousness), persistent neck pain and occipital headaches
can be a major source of disability [126]. For patients with
posttraumatic cervicogenic headaches, radiofrequency dener-
vation of medial branches innervating the cervical facet joints
may provide long-term relief [127]. Moderate to severe TBI
can result in extensor hypertonic spasticity of lower limbs that
can contribute to chronic pain. Intrathecal baclofen infusions
in this setting may provide good results in adults [128] as well
as children [129]. Disadvantages of these techniques are the
repetitive requirements of refills.

Nerve Agent Intoxication

The use of regional anesthesia for conventional injuries and
nerve agent intoxication needs some consideration. Periph-
eral nerve blocks do not aggravate hemodynamic instabil-
ity secondary to an already unstable and dysfunctional auto-
nomic system induced by nerve agents. Care must be taken
to avoid sympatholytic activity with the blocks in the pres-
ence of the parasympathetic overactivity that comes with nerve
agents. Amide local anesthetics such as bupivacaine, ropiva-
caine, and lidocaine are preferred, as esters are degraded by
plasma cholinesterase that is inhibited by the nerve agent [130].
Neuraxial blockade should be used cautiously in view of antic-
ipated coagulopathy that can accompany nerve agent intoxica-

tion [131] and the poorly defined extent of sympathetic block-
ade with such blocks.

Complex Regional Pain Syndrome

Complex regional pain syndrome (CRPS) is an uncommon
consequence of trauma or illness affecting a limb with nerve
injury (CRPS-I) or without nerve injury (CRPS-II). Preven-
tion of CRPS is based on the importance of efficient preoper-
ative, perioperative, and postoperative analgesia and anesthe-
sia [132]. It has been shown that the development of CRPS
following surgery is unpredictable and that axillary brachial
plexus block offers a significant advantage in decreasing the
incidence of CRPS [133]. The majority of CRPS occurs after
trauma or orthopedic procedures or both. It has been recom-
mended that CRPS patients undergoing surgery should avoid
general anesthesia because the disease process might be “rekin-
dled by surgery under general anesthesia” [134]. It has been
postulated that regional anesthesia, by allowing the preopera-
tive onset of sympathetic blockade, may be a more appropriate
anesthetic choice for patients with sympathetically maintained
pain because it may prevent the development of this syndrome
in the postoperative period [135]. It has been postulated that if
CRPS is mediated in part by an increase in the density of voltage-
sensitive sodium channels in injured axons, then desensitization
via regional blockade is essential [136].

Digit Reimplantation

Vasospasm may be devastating, causing irreversible damage to
the replanted limb. Blocking the stellate ganglion decreases the
sensitivity of the sympathetic system to developing vasospasm
due to intrinsic or extrinsic causes. It provides baseline security
for avoiding and reversing ongoing vasospasm [137]. Continu-
ous brachial plexus blockade is effective in improving vascular
flow and perfusion, reducing vasospasm, and providing sym-
pathetic blockade as well as managing postoperative pain. This
block should be considered whenever microvascular anasto-
mosis is performed in the upper extremity [138, 139]. There is
a single report of “steal phenomenon” occurring after axillary
block in a toe to finger transfer in which the blood flow was
markedly reduced in the implanted digit [140]. In our clinical
experience, we have not seen this phenomenon.

N E RV E L O C A L I Z AT I O N T E C H N I Q U E S

Nerve Stimulators

Use of peripheral nerve stimulators to initiate continuous
regional blocks can be painful and thus alternate methods of
initiating these blocks may have to be used.

Ultrasound Guidance

The usefulness of ultrasound in localizing nerves and plexus
cannot be overemphasized (see Chapter 32). Studies compar-
ing the use of ultrasound with nerve stimulation have found
that ultrasound guidance is superior to nerve stimulation and
this was attributed to the ability to visualize the nerves, needle
path, and local anesthetic spread in real time [141]. Marhofer
et al. [142] compared the use of ultrasound guidance with
nerve stimulation during femoral nerve block and found that
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ultrasound was superior to nerve stimulation as they were able
to visualize local anesthetic administration during the injec-
tion. They also found that they could use smaller volumes and
the latency period was shorter [143].

With the present ultrasound technology available, it is not
possible to visualize deeper neural structures such as lumbar
plexus and to differentiate them from nearby tendon fibers.
However, Kirchmair et al. [144] have shown that ultrasound
can be used to locate the psoas major and the location of
lumbar plexus can then be inferred. Use of ultrasound for
initiating regional blocks in the trauma setting is a novel
concept that is evolving. The main limitation is the lack of
equipment to train personnel.

P H A R M AC O L O G I C A D J U VA N T S

In traumatized patients with unstable hemodynamics, one
should carefully consider the risk/benefit ratio of adding drugs
to regional blocks, as many adjuvants are of questionable
efficacy and have side effects that may confound patient safety
(Table ??).

Vasoconstrictors

Epinephrine is often added to facilitate detection of intravas-
cular injection. Addition of epinephrine is known to prolong
the duration and quality of most blocks. It causes vasoconstric-
tion of the perineural vessels, thereby resulting in decreased
uptake, which in turn, exposes the neural tissue to the local
anesthetic for a longer period. Additionally, plasma levels rise
less steeply, which reduces the risks of systemic toxicity. Vari-
ous concentrations have been used (2.5–5 µg/mL). Although
2.5 µg/mL epinephrine prolongs the block to the same extent as
5 µg/mL concentration, it has no effect on nerve blood
flow [145] and is therefore recommended. The addition of
epinephrine to long-acting local anesthetics with vasoconstric-
tive properties such as ropivacaine may not increase the block
duration but it would still help in detection of intravascu-
lar injection [146]. Epinephrine may also produce analgesia
through α2-adrenergic mechanism [147]. Epinephrine is likely
safe when applied to nerve bundles with intact barrier mecha-
nisms but may accentuate injury in the event of barrier disrup-
tion or decreased neural blood flow.

Clonidine

Clonidine has been investigated as an adjuvant in peripheral
nerve blocks. Although it has been shown to increase the dura-
tion of local anesthetic action and prolong postoperative anal-
gesia when included in single-injection nerve blocks [148], it has
not shown any clinical benefit in continuous perineural infu-
sions [149, 150]. Side effects such as hypotension, decreased
heart rate, and sedation may occur. The side-effect profile of
clonidine is dose dependent and usually does not occur at doses
≤1.5 µg/kg.

Ketamine

The peripheral analgesic effect of ketamine may be explained
by blocking of sodium and potassium currents in peripheral
nerves [151] as well as central antinociception through a non-

competitive antagonism at the N-methyl-d-aspartate receptor
[152]. However, it may also enhance analgesia through interac-
tion with spinal opioid receptors andα2-adrenoreceptors [153].
Local anesthetic properties of ketamine have also been reported
[154], but it does not seem to enhance sensory or motor block-
ade in peripheral nerve blocks [155]. Doses of 2–3 mg/mL have
been used.

Opioids

Peripheral opioid effects have been shown with intraarticular
injection and with wound infiltration, but the clinical relevance
of peripheral opioid receptors is uncertain. Various reviews of
the role of opioids in peripheral nerve block have concluded
that their analgesic effects are not clinically significant [156,
157].

Sodium Bicarbonate

Local anesthetics cross the cell membrane as uncharged
molecules. Increasing the pH of a local anesthetic solution closer
to the pKa increases the number of uncharged molecules in the
solution. This may facilitate the movement of local anesthetic
agent (LA) across the nerve sheath and membrane resulting in
a faster onset of anesthesia [158]. Studies that do show a ben-
efit at most show a decreased latency of less than 5 minutes.
However, there is evidence that adding sodium bicarbonate to
LA solution may decrease the block intensity and duration of
plexus anesthesia [157]. One must therefore decide whether a
few minutes of onset time is significant enough to warrant its
use.

Other Adjuvants

Tramadol, a centrally acting analgesic with peripheral local
anesthetic effects [159], has been shown to moderately increase
block duration [160, 161]. Brachial plexus verapamil offers lit-
tle advantage over epinephrine if the expected surgical dura-
tion is less than 3.5 hours [162]. Neostigmine does not seem to
improve sensory or motor block qualities though there are con-
flicting reports on its efficacy [163, 164]. It is associated with
a 30 percent incidence of gastrointestinal side effects [165].
Hyaluronidase does not hasten block onset, reduce the inci-
dence of failed blocks, or affect local anesthetic blood concen-
tration, but it does shorten block duration [166].

To date, there have been no double-blind studies evalu-
ating NSAIDs as adjuvants for nerve blocks [167], although
intraarticular ketorolac [168] and tenoxicam [169] have been
shown to provide some postoperative analgesia. The useful-
ness of NSAIDs as adjuvants to local anesthesia may depend on
the presence of inflammation at the site and this may explain
the controversial issue of usefulness of NSAIDs in IV regional
anesthesia [149]. Prostaglandins are produced from virtually
all tissues in response to trauma. NSAIDs may produce analge-
sia indirectly by attenuation of the hyperalgesic state caused by
sensitization of afferent nerve fibers by prostaglandins [170].

Nondepolarizing muscle relaxants have been added to local
anesthesia in IV regional anesthesia to improve operative con-
ditions and provide postoperative analgesia, but this has not
shown much promise [171].

For IV regional anesthesia, there is good evidence to rec-
ommend adding ketorolac to improve postoperative analgesia,
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Table 31.2: Pharmacologic Adjuvants to Local Anesthetics – Advantages and Disadvantages

Drug Advantages Disadvantages

Epinephrine Exposes neural tissue to LA for longer period Neural/spinal ischemia
↓Peak plasma level of LA Fatal arrhythmia on IV injection
↑Duration/quality of blocks
Helps in detection of IV injection

Clonidine ↑Duration of LA action Sedation
Prolong postop analgesia Bradycardia
↓Plasma LA level at higher doses Hypotension

Not useful in CPNB

Ketamine Prolong analgesia Psychomimetic action
Manage opioid-induced hyperalgesia Nausea
Prehospital analgesia Salivation
Hemodynamic stability No protection from aspiration
Multiple routes of application No LA effect in PNB

Opioids Easy to administer Lack efficacy in PNB
Multiple routes of administration Nausea and vomiting
Prolong analgesia with neuraxial application Sedation

Immunosuppression
Gut effects
Interfere with monitoring

Sodium bicarbonate ↑pH of LA faster onset (5 min) Precipitation
↓PNB intensity
↓Duration of block

Tramadol ↓Immunosuppression Nausea
Anti-inflammatory effect Weak analgesic

Verapamil Potentiate neuraxial block No prolongation of block
↓Need of supplemental analgesics

Hyaluronidase Better spread of LA ↓Duration of block
↑The onset of block

Neostigmine Prolongs analgesia with IVRA Nausea and vomiting

NSAIDS Prolongs analgesia with IVRA GI side effects
Multimodal analgesic advantage Renal dysfunction

Bronchoconstriction
Platelet dysfunction

COX-2 inhibitors Central and peripheral analgesia Cardiac and renal dysfunction
Multimodal analgesic advantage
Synergy with other analgesics

Muscle relaxants Muscle relaxation in IVRA Paresis on tourniquet release

CPNB, continuous peripheral nerve block; IVRA, IV, regional anesthesia; GI, gastrointestinal; LA, local anesthetic agent; PNB, peripheral nerve block; postop,
postoperative.

and clonidine to improve postoperative analgesia and prolong
tourniquet tolerance [175].

C O M P L I C AT I O N S O F R E G I O N A L
T E C H N I Q U E S

As with any procedure, regional blocks are associated with side
effects and complications (Table ??). They may range from less
serious and common to extremely rare and life threatening.
Indeed, more than 50 percent of patients report at least one side

effect after axillary block, such as soreness, transient numbness,
or bruising [172].

Auroy and colleagues [173] prospectively evaluated serious
complications after more than 21,000 peripheral nerve blocks
in a five-month period in France. The estimated number of
serious complications per 10,000 nerve blocks were as follows:
death, 0–2.6; cardiac arrest, 0.3–4.1; nerve injury, 0.5–4.8; and
seizures, 3.9–11.2.

Peripheral nerve injury is a potential complication of
regional anesthesia. It may present as residual weakness,
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Table 31.3: Complications Associated with Regional Anesthesia

Complication Incidence Steps to Reduce Incidence Early Detection

Infection 1–1.9% Aseptic precautions Daily inspection
Colonization 28–57% Antibiotics Early removal

Bacterial filters for extended blocks Culture on suspicion
Prevent hub disconnection (Figure ??)

Bruising 6.7–19.1% Gentle technique

Nerve injury 0.02–8% US guided blocks Resistance on injection
Pressure relief valve with injection Pain on injection
Modified techniques US examination
Inject via catheter
↓Epinephrine

Accidental IV injection US guidance US guidance
Add epinephrine to LA ↑HR with 3–5 mL injection
Cardiac monitoring Neurologic symptoms
Fractionate dosing
Aspirate frequently

Failure 2–20% US guidance Establish block via catheter
Inject via catheter
Stimulating catheter

Local anesthetic toxicity 0.01–0.2% Use minimum effective dose Tremulousness, twitching, and slurred
speechBeware of total dose

Add epinephrine to LA
Special medical problems: renal and hepatic

Pneumothorax 0.04–0.15% US guidance Vigilance
Closed system of injection Aspiration prior to injection

Diaphragm paresis 100% with ISB ↓Dose and concentration of LA
Posterior approach

Hypoxia
Shortness of breath

Motor weakness Variable Lower concentration of local anesthetic Monitor/adjust rate and concentration
↓Basal rate
Patient-controlled analgesia

Hematoma Variable US guidance Aspiration of needle / catheter
Use of alternate blocks, e.g., axillary Application of pressure

Horner’s syndrome 10–15% ↓Volume of LA

Compartmental
syndrome

Rare Lowest effective anesthetic concentration Vigilance

Prophylactic fasciotomy Compartment pressure measurement
Delayed closure

Epidural spread 1–5% with PVB Slow injection ↑Resistance to injection
Fractionate dosing

Catheter malfunction 20–25% Tunneling (Figure ??) Warn patient to report pain and leak
Catheter and hub fixation (Figure ??) Daily inspection
Liquid adhesive to entry site (Figure ??)

HR, heart rate; ISB, interscalene block; LA, local anesthetic agent; PVB, paravertebral block; US, ultrasound.

hypoesthesia, or permanent paresis. The overall incidence
ranges between less than 0.02 percent and 0.4 percent. Current
understanding of the factors that lead to neurologic complica-
tions after peripheral nerve blocks is limited. This is partly the
result of an inability to conduct meaningful retrospective stud-
ies because of a lack of standard and objective monitoring and

documentation procedures for peripheral nerve blocks [174].
Causes of peripheral nerve injury include needle/catheter-
induced mechanical trauma, perineural edema, and local anes-
thetic neurotoxicity. There are no randomized trials to support
the ability of various needles and bevel types to prevent nerve
injury.
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Role of Paresthesia
Elicitation of paresthesia during the nerve block has been

implicated in nerve injury although this finding has not been
confirmed in prospective studies [157].

Role of Epinephrine
Epinephrine is considered safe when it is applied to nerves

with intact blood flow. However, if the neural blood flow
is disrupted (intraneuronal injection, chemotherapy-exposed
nerves, atherosclerosis, or diabetic neuropathy), injury can
be accentuated [145]. In conditions of trauma, disruption or
reduction of neural blood flow can occur, especially in the
presence of severe hypotension and use of inotropes. Use of
epinephrine together with local anesthesia solutions in such
circumstances may possibly be detrimental.

Role of Local Anesthetic Neurotoxicity
Even though local anesthetics have been widely used with

great safety, they can be neurotoxic under certain circum-
stances, such as with high concentrations, prolonged exposure,
use of epinephrine, or intraneuronal injection. It has been sug-
gested that high intraneuronal pressures [175] may be involved
in the injury mechanisms. This might have implications in an
injured patient who is hypovolemic and hypotensive and is
receiving inotropic drugs to maintain normal blood pressure.

Role of Peripheral Nerve Stimulators
Nerve stimulators have been in use for more than 45 years to

improve block success rate. However, there are no human ran-
domized, controlled studies to show that they improve patient
safety. It has been shown that motor response is inconsistent
despite the needle being in close proximity of the nerve [176] or
indeed in the nerve [177]. Such concerns are further validated
by reports of nerve injury after low-current (<0.5 mA) electri-
cal stimulation [178]. Thus, peripheral nerve stimulators may
contribute to some neurotrauma in difficult situations such as
the triage area.

Vascular Injury

Deep plexus blocks in coagulopathic patients should be based
on careful risk/benefit analysis and performed cautiously, espe-
cially if an expanding hematoma cannot be accessed. Transient
vascular insufficiency is a known complication of peripheral
nerve blocks (PNBs) as vasospasm may occur after vascular
puncture or as a result of local anesthetic. Medial brachial fas-
cial compartment syndrome is a definite entity after brachial
plexus blocks [179]. Evolution of neurologic deficit takes some
time to develop (4 hours to 3 days). Without intervention, it can
lead to axon loss and sensory and motor deficit. A preexisting
traumatic or vascular injury must be considered when planning
peripheral nerve blockade in trauma patients.

Diaphragm Weakness

The phrenic nerve lies very close to the interscalene groove
and is easily blocked during the interscalene approach to the
brachial plexus. In one study, the incidence of hemidiaphrag-
matic paresis was 100 percent after interscalene block [135].
The supraclavicular approach to the brachial plexus has a lower

but unpredictable incidence of hemidiaphragmatic weakness.
Although unilateral diaphragmatic weakness does not cause
significant effects in healthy subjects, it may be deleterious in
patients with chest trauma or contralateral pneumothorax or
in patients who would not be able to tolerate reduction in pul-
monary function.

Pneumothorax

Pneumothorax is a serious complication of supraclavicular
brachial plexus block. It can also occur after interscalene,
and rarely after infraclavicular approaches. The incidence also
depends on the experience of the person doing the block. Symp-
toms can be delayed in presentation and must be kept in mind
whenever there is chest discomfort 6–12 hours after the block.
Use of ultrasound may help decrease the risk of pneumothorax
from brachial plexus blockade. Pneumothorax can also occur
after intercostal nerve block.

Intravascular Injection

Most plexuses are in the vicinity of vascular structures and
intravascular injection can occur even with careful technique.
Intraarterial injection can cause sudden convulsions. Careful
multiple aspirations, slow fractionated injections, and constant
vigilance is of utmost importance. Addition of epinephrine
helps to detect accidental intravascular injection. The total dose
of local anesthesia should be reduced in patients with a com-
promised metabolism to minimize the risk of systemic toxicity.

Horner’s Syndrome

Proximity of the cervical sympathetic chain to the brachial
plexus can lead to Horner’s syndrome (ptosis, miosis, anhydro-
sis, and unilateral conjunctival engorgement) with interscalene
as well as supraclavicular approaches in up to 90 percent patients
[180]. Due to ipsilateral pupillary changes, neurologic moni-
toring in head-injured patients can be confusing. Hoarseness
can occur after interscalene block due to ipsilateral paresis of
recurrent laryngeal nerve and can delay detection of impending
airway edema following trauma.

Compartmental Syndrome

Compartmental syndrome may occur anywhere that the mus-
cles are enclosed by fascia. Common sites after trauma are the
lower leg and forearm. Increased pressure within the compart-
ment compromises the circulation and function of tissues (see
Chapter 16). As one of the primary presenting symptoms of
compartmental syndrome is pain, many trauma surgeons and
anesthesiologists worry that regional anesthesia will mask the
symptoms of early compartmental syndrome after trauma and
after major extremity surgery. Indeed, there are plenty of anec-
dotes about regional anesthesia and analgesia masking com-
partmental syndrome. Others believe that the ischemic pain of
compartmental syndrome breaks through an analgesic periph-
eral nerve block. Nonetheless, the potential for losing a limb
in a patient because of delayed intervention deters many of us
from doing these blocks in the traumatized patient. Samet and
Dutton [181] reviewed the implications of regional anesthesia
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and compartmental syndrome. They noted that the majority
of patients had fasciotomy during their initial surgery, and a
significant number had fasciotomy within 24 hours of injury.
None of the fasciotomies were performed for symptoms of pain.
This makes one wonder if we should deny the trauma patient
of this modality of analgesia. Diagnosing compartmental syn-
drome requires a high index of suspicion, performance of serial
examinations, and careful documentation of changes over time
[182]. Prophylactic fasciotomies, delayed closure, and measure-
ment of compartmental pressure should hopefully allow this
excellent modality of analgesic intervention to be made more
available to trauma patients.

Infections

There are no reports of infections after single-injection blocks.
However, bacterial colonization of indwelling femoral catheters
is known to occur as early as 48 hours postoperatively in a
study by Cuvillon et al. [183]. Though the rate of coloniza-
tion was frequent in this study, the risk of bacterial infections
was found to be small. Immediate catheter removal, catheter
culture, and psoas muscle imaging were recommended in case
of suspected infection. There have been case reports of psoas
muscle abscess complicating femoral nerve block catheter [184,
185] that required antibiotic therapy and drainage.

Technical Issues

Continuous peripheral nerve block is commonly used for surgi-
cal anesthesia and postoperative analgesia. It is an evolving and
exciting area of clinical research and technologic advancements.
It has been used very effectively in combat casualties to extend
the duration of analgesia during evacuation and convales-
cence [186]. Technical problems with catheters and devices are
of importance when considering continuous peripheral nerve
blocks. For example, catheter tip design that increases adhe-
sion to surrounding tissue in an intensely inflammatory envi-
ronment could increase the potential for injury with removal,
particularly in long-term catheters. Capdevilla et al. [187] did
a prospective analysis of 1,416 patients and found that nearly
18 percent had technical problems with catheters and devices.
Problems consisted of kinked, blocked, displaced, and leaking
catheters as well as malfunctioning pumps. In the authors’ expe-
rience, accidental withdrawal or pulling out at the end of surgery
with the drapes is a frequent cause of unwanted termination
of therapy. Tunneling of the catheter (Figure ??, see also color
plate after p. 294), adequate catheter fixation devices (Figure
??), application of liquid skin adhesives (Figure ??), prevention
of hub disconnection (Figure ??), and use of “surgeon-proof”
dressing have proved very successful in our center (Figure ??,
see also color plate after p. 294).

L I M I TAT I O N S O F R E G I O N A L A N A L G E S I A
I N T R AU M A

Personnel and Training

The most significant factor that is likely to deter the use of
regional techniques in trauma in the early phase is lack of trained
individuals in the acute trauma area (Table 31.4). Most emer-
gency room physicians lack training in regional anesthesia.

Figure 31.8. Tunneling of catheter.

Patient Condition

Apart from lack of available trained personnel, patients may be
hypovolemic in the acute trauma phase, precluding the use of
neuraxial techniques. Patients may develop coagulopathy due to
massive transfusion and/or multisystem organ failure, making
neuraxial blocks unsafe. Multiorgan trauma may also be associ-
ated with cervical, thoracic, and/or lumbar spine injury, making
positioning of the patient for the block difficult or impossi-
ble. Neuraxial local anesthetics should be used with caution in
trauma patients with cardiac arrhythmias. Accidental intravas-
cular injections are poorly tolerated in the setting of coexisting
cardiac disease, such as blunt cardiac injury and myocardial
contusion. Patients might be intoxicated or have altered sen-
sorium from other causes, and not be able to consent to or
cooperate with the initiation of various regional blocks. Alter-
ation in hepatic blood flow, preexisting hepatic insufficiency,
or liver injury may alter local anesthetic pharmacokinetics and
pharmacodynamics.

Informed Consent

In many institutions, separate regional anesthesia consent is not
obtained, as it is implied when the patient agrees to the surgi-
cal procedure. This is currently a topic for discussion in many
countries. Addition of regional blocks may be perceived as inter-
ventions beyond what is required for the surgical procedure and,
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Figure 31.9. Catheter fixation devices.

Figure 31.10. Liquid skin adhesives.

Figure 31.11. Fixation to prevent hub disconnection.

A

B

Figure 31.12. Surgeon-proof dressing.
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Table 31.4: Advantages and Limitations of Regional Anesthesia

Advantages Limitations/Disadvantages

Opioid sparing/eliminating Need for trained personnel

↓ nausea Need for special equipment

↓ paralytic ileus Time required to initiate

↓ immunosuppression Possible difficulty in
positioning

Improved dynamic pain relief Neurostimulation pain

↓ blood loss LA toxicity

↓ incidence of thromboembolism Possible failure

↓ monitoring intensity Nerve injuries

↓ sedation Diaphragm weakness

↓ resources Pneumothorax

↓ phantom limb pain Motor weakness

↓ recrudescence of CRPS Catheter malfunction

↓ chronic pain syndromes ? Masking compartmental
syndrome

↓ vasospasm ↓ mobility with lower limb
block

↓ pulmonary morbidity

↓ cognitive dysfunction

↓ infective complications

Fetomaternal safety

Economical

Extendable

Smooth transitional analgesia

Improved patient satisfaction

Early discharge/ bypass PACU

Home regional possible

CRPS, complex regional pain syndrome; LA, local anesthetic agent; PACU,
postanesthesia care unit.

therefore, probably warrants a separate consent or some form
of documentation detailing that such explanation has taken
place. In the acute trauma scenario, many patients with multiple
injuries may not be in a condition to give informed consent and
therefore, it may have to be obtained from the legal guardian.
Further, consents obtained when the patient is in severe pain
and/or under the effect of sedatives may not be considered valid.

Patients who undergo planned procedures following
trauma, such as fractured humerus or ankle, may not have con-
sent issues. Patients should be provided with enough informa-
tion about the blocks and the potential risks of regional anes-
thesia and the alternative therapies that are available to manage

their pain. A sample of the form that we use in our institution
is shown in Figure ??. The patient’s signature is not required in
this form. Often, audiovisual aids can be used to inform patients
about the details of regional blocks and their risks.

PAT I E N T F O L L O W - U P

Patients receiving continuous regional analgesia either at the
hospital or at home require proper follow-up to ensure safety
and efficacy of the intervention. The acute pain team most
often provides follow-up of in-patients. It is important to have
personnel trained in regional anesthesia on the team to pro-
vide the best of continuity of care. Postoperative block orders
have to be clear and precise with instructions regarding patient-
administered and nurse-administered boluses. When multiple
catheters are used, it is mandatory to be specific about each
block infusion order. One has to be cognizant of the total local
anesthetic administered, as well, to reduce the chances of local
anesthetic toxicity. When using multiple catheters, we allow
only one block to have the patient-controlled modality. No
patient should be given more than one hand-held button to
self-administer pain therapy.

Recommended monitoring during continuous regional
analgesia is depicted in Figure ??. Monitoring should include
pain scores during rest and activity, extent of motor and sen-
sory blockade, pulse oximetry saturations, clinical evidence of
local anesthetic toxicity, and inspection of catheter site for infec-
tion. A sample of the monitoring sheet used at our institution
is shown in Figure ??. If the catheter site looks inflamed or
infected, the catheter should be removed and the tip sent for
culture and sensitivity. Consideration should be given to con-
tinuing the perioperative antibiotic for longer periods if the
block is continued for more than 48 hours.

It is important to establish the education of nurses and phys-
iotherapists involved in the care of the patients prior to run-
ning a regional-block-based pain management program. This
is often provided with the help of periodic in-service training
to the team as well as the use of self-learning packages. Physio-
therapists will have to take into consideration the weakness in
certain groups of muscles, such as the quadriceps with femoral
nerve block, to provide safe physiotherapy to patients without
the risk of accidental falls or dislocations.

H O M E R E G I O N A L

Patients that are discharged home with a regional block should
be given written and verbal instructions prior to discharge.
These instructions should contain details of contact personnel
in case of problems as well as a description of what to anticipate
from the therapy (Figure ??). These instructions could include
details on how to remove the block catheter if the patient or
the caregiver is given the responsibility of the process. If nei-
ther is comfortable removing the block catheter, arrangements
should be made with home care nurses to provide this ser-
vice or instructions regarding the return visit to the hospital
for removal of the catheter should be given. The instructions
should also include care of the limb that will be numb and weak.
Patients should be advised to contact the hospital in case they
perceive an increase in pain despite the block. This may be
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Scheduled Surgery: ______________________________________________________ Date of Surgery: ________________________________
(YYYY/MM/DD)

Date of Consultation: ________________________________ Time: ______________
(YYYY/MM/DD)

Name of Anesthesiologist: ____________________________________________________________________________________________________

Did the patient have blocks for previous surgeries: �Yes       �No

Pre-operative (previous and current) medical problems: __________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

Contraindications to regional block: �Yes       �No

If yes, specify: __________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

Type of block discussed: Risks explained:

�Axillary �Bruising

�Continuous catheter �Diaphragm weakness

�Epidural �Epidural spread

� Infraclavicular �Failure

� ISB �Horner’s

�Lumbar plexus � Infection

�Paravertebral � LA toxicity

�PCA �Nerve damage permanent

�Popliteal �Nerve damage temporary

�Sciatic �Pneumothorax

�Spinal �Seizure and CV collapse

�Supraclavicular �Vascular injection

�Ultrasound guided block Other:

Suitable for home regional discharge?  �Yes    �No

__________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________

Patient has seen the educational video?  �Yes        �No ________________________________________________________________

I have given explanation about the regional block procedure and the potential risks. Alternative therapy has 
been explained to the patient. All questions have been answered. Patient agrees to have the block procedure.

Printed Name/Signature of Anesthetist: ______________________________________________________________________________________

Has O.R. Bookings been informed to add anesthesia information on the O.R. list?  �Yes     �No

Department of Anesthesia

PRE-OPERATIVE CONSULTATION
FOR REGIONAL ANESTHESIA &
PAINMANAGEMENT

FORM NUMBER(2006/12/06) COPY DISTRIBUTION: WHITE-Patient’s Chart; CANARY-O.R. Block Room

Figure 31.13. Sample of form used at University of Western Ontario for block consent.
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Figure 31.14. Sample of form used at University of Western Ontario for monitoring.
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Figure 31.14. (Continued )
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Instructions for Patient Controlled Regional Analgesia (Infraclavicular Block)

The infusion pump connected to your block tube contains local anesthetic freezing called Ropivacaine. The pump is
set to continuously deliver _____mLs of local anesthetic near the nerves. If you start to feel mild discomfort in your
hand, you can give an additional 4 mLs of the local anesthetic by pressing the hand held button. You may press this
button as often as every 1 hour. Please give yourself the boluses while you are in bed. The 300 mL of freezing given
to you will last approximately 40 hours.

A small amount of seepage around the catheter insertion site is normal.

If you have moderate to severe pain in the operated hand in spite of the boluses, please call Dr._____________
immediately.

Please take the following precautions:

Make sure you have a responsible adult in the room when you give your bolus.

Stop the pump if you get a metallic taste in your mouth or you feel funny in your head when the bolus is running.
Call Dr. _________(XXX) XXX XXXX pager XXXXX immediately.

Your blocked arm will be numb and weak. Have a sling to hold your arm up as long as the block is continued.

Please keep the elbow of the blocked arm on a pillow while in bed to avoid pressure damaging the nerve
behind your “funny bone” in the elbow.

Alcohol, driving, handling of fire and machinery are prohibited while you receive the block.

As your operated arm will be numb, you can accidentally hurt yourself if you spill hot liquids such as coffee
or tea on the blocked area. Take extreme care to look after the numb, weak arm.

If you notice any pain on injection during the bolus or redness in the blocked area, kindly call
Dr.___________

Please take the pain pills prescribed for you as needed. The block is used in addition to the oral pain killers that
you are prescribed. Severe pain while the block is effective is not normal. Report to Dr._______ if this happens.

Please come to St Joseph’s Health Care on_________________ at______________ hours to the PACU on the first
floor. Dr.__________ will meet you there to remove the catheter and take back the pump.

Your caregiver at home may remove the catheter once the pump is empty. This should be done while you are
comfortably lying in bed. The caregiver should wash the hands with soap and water. Remove the sticky drape
covering the block site. Hold the catheter where it enters the skin between the thumb and index finger and gently
pull the catheter out. This should not hurt. Once the catheter is out make sure the blue or black tip is seen. Cover the
area with an adhesive bandage.

If you perceive any pain during the removal, do not remove the catheter and call Dr_________ at____________

Figure 31.15. Block instructions.

an early sign of compartmental syndrome or a displaced
catheter. One must ensure that patients who are discharged
home with regional blocks have a capable chaperone to trou-
bleshoot in case of emergency. The patients should be advised
to return to the hospital emergency room if they are unable to
contact the regional/acute pain team. Thus, it is very important

to have a team of anesthesiologists and nurses available 24 hours
a day, 7 days a week.

All patients who have received a regional block should be
contacted by the team on postoperative days 1, 7, and 30 to
gather information on the adequacy of pain control, transi-
tional pain with oral analgesics, and early as well as delayed
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complications. Patients who report persistent paresthesia or
ongoing neurologic deficits should be brought back to the hos-
pital for detailed evaluation, documentation, and follow-up.
Patients who develop neurologic deficits should have early elec-
tromyography and nerve conduction studies on both operated
and nonoperated limb to document baseline deficits that may
have an impact on etiology, therapy, and follow-up [188]. Stud-
ies of the nonoperated limb may sometimes reveal preexisting
neurologic deficits of unrelated etiology (e.g., diabetic neuropa-
thy). This is particularly important as many diabetic patients
with subtle evidence of neuropathy often require much higher
currents or fail to develop a motor response during the initia-
tion of the block [189].

Many institutions have a database to effect evidence-based
changes to the program. One has to factor in the need for nurs-
ing and database personnel in the business plan of such a service.
If such personnel make telephone contacts, there should be a
mechanism set to refer the patients with ongoing problems to
the anesthesiologists involved in the regional block care of the
patient, thus closing the loop of care. Pending establishment of
the database, one can have a ledger where all blocks performed
are entered with the follow-up data to ensure continuity of care.

R E C E N T A D VA N C E S

Efforts have been made to prolong the duration of action of a
single dose of local anesthetic block by using slow-release local
anesthetics, such as liposomal preparations entrapped in mul-
tilamellar devices [190]. Biodegradable bupivacaine contain-
ing polymer microcapsules have produced a local anesthetic
duration of up to 7 days in animals [191], and the addition
of dexamethasone within these capsules further extended the
duration [192]. Kopacz et al. [193] performed intercostal nerve
blocks with bupivacaine microcapsules in healthy volunteers
and demonstrated a block that lasted for 96 hours. These for-
mulations are still experimental and are not yet practical or safe
for routine human use [194].

Ultrasound for peripheral nerve block is gaining popularity
worldwide. It has the potential of becoming standard of care in
the near future (see Chapter 32).

O P I O I D S I N T R AU M A A N D F O O D
F O R T H O U G H T

There have been reports about the deleterious effects of opi-
oid analgesics in unstable trauma patients. The exacerbation of
hemodynamic instability has been raised as a potential reason to
avoid or limit opioid use in such patients [195]. Recently, Molina
et al. questioned the use of opioids in trauma using an animal
model because of possible harmful effects [196]. The authors
reported that hemorrhaged animals treated with morphine had
a blunted pressor response, aggravated hemodynamic instabil-
ity, and increased 48-hour mortality rates. They also reported
that morphine compromised the immune defense mechanisms
that may impair outcomes from infection.

Further developments are needed to provide safer medi-
cations and techniques for trauma patients. Long-acting local
anesthetics and the introduction of ultrasound to aid in the per-
formance of peripheral nerve blocks are promising examples.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Pain has

a. No effects on the patient
b. Physical effects on the patient
c. Psychologic effects on the patient
d. Both b and c, physical and psychologic effects on the

patient

2. Pain leads to

a. Release of prostanoids and cytokines
b. Localized hypersensitivity
c. Spinal cord windup
d. Neuronal excitability
e. All of the above

3. When assessing pain

a. Nurses and physicians assess patients’ pain adequately
b. Only nurses assess patients’ pain accurately
c. Only physicians assess patients’ pain accurately
d. Neither nurses nor physicians assess patients’ pain ade-

quately

4. Regional blocks can help in

a. Airway protection during transfer of patients from triage
area

b. Preventing posttraumatic neuropathic pain states
c. Providing surgical anesthesia as well as postoperative

analgesia
d. Repeated dressing changes and debridements
e. All of the above

5. Femoral blocks

a. Are safe, simple, and quick
b. Easy to teach and learn
c. Can provide pain control for prehospital patient transfer
d. Can be used in children as well as adults
e. All of the above

6. Continuous regional techniques should be done

a. In the field situation
b. In the ambulance
c. In the emergency room
d. In the operating room
e. In the emergency and operating rooms

7. For shoulder and upper arm analgesia, the best block is

a. Axillary block
b. Interscalene block
c. Infraclavicular block
d. Lumbar plexus block
e. All of the above

8. Problems with supraclavicular block include

a. Pneumothorax
b. Diaphragmatic weakness
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c. Horner’s syndrome
d. All of the above
e. None of the above

9. Regarding use of adjuvants with local anesthetics

a. Adjuvants should be used in all trauma patients.
b. Adjuvants should be used in none of the trauma patients.
c. Careful selection of patients is needed.
d. Only opioids can be used.
e. Only epinephrine can be used.

10. For nerve localization techniques in trauma

a. Ultrasound is a not a good option as it needs personnel
training.

b. Use of peripheral nerve stimulator is mandatory.
c. Ultrasound guidance is a novel technique and superior

to other presently available nerve-seeking techniques.
d. One does not need nerve localization techniques in

trauma.

A N S W E R S

1. d
2. e
3. d
4. e

5. e
6. e
7. b

8. d
9. c

10. c
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U LT R A S O U N D P R O C E D U R E S I N T R AU M A

Paul Soeding and Peter Hebbard

Objectives
1. Identify the role of ultrasound in trauma.
2. Understand the technique of neurovascular examination.
3. Identify normal neurovascular appearance and injury.
4. Understand ultrasound-guided regional anesthesia.
5. Understand ultrasound-guided vascular cannulation.

S U M M A RY

Ultrasound examination plays an increasingly important role in
trauma management and anesthesia. Sonographic examination
of peripheral nerves and vasculature can not only assess injury,
but also guide needles for vascular access and regional anesthe-
sia. Ultrasound-guided cannulation of arteries and veins allows
invasive hemodynamic monitoring and fluid resuscitation in
the trauma patient. Regional anesthesia provides immediate
analgesia of injured limbs and enables specific surgical inter-
vention. This chapter focuses on neurovascular anatomy and its
recognition by ultrasound. The examination and identification
of individual sonoanatomy is the basis for all ultrasound-guided
procedures.

I N T R O D U C T I O N

The recent development of portable high-frequency ultrasound
units has made ultrasound examination an important compo-
nent in the assessment of the trauma patient. Trauma manage-
ment requires both resuscitation and careful systematic assess-
ment of individual wounds, both evident and suspected. Injury,
however, can often be difficult to evaluate, especially when
injury is concealed, such as in the case of blunt abdominal
trauma or neurovascular injury associated with limb fractures.
Sonography can be applied first as a diagnostic tool in the indi-
vidual patient, and second, as a guide in therapeutic procedures
[1].

Focused sonographic examination of the chest and
abdomen can identify internal organ injury and hemorrhage,
while examination of injured limbs can identify underlying
musculoskeletal injury. Clinical neurologic assessment can be

limited in the unconscious patient and ultrasonic examina-
tion of limbs can provide assessment of neurovascular injury
associated with fractured bones. High-resolution sonography
can be used to support clinical and electrophysiologic testing
in the detection of nerve abnormalities, including entrapment
neuropathies, traumas, infectious disorders, and tumors. The
advantages of bedside ultrasound examination are the immedi-
ate visualization of anatomical injury and the support of clinical
examination and diagnosis.

In addition to their diagnostic role, ultrasound-guided pro-
cedures enable regional anesthesia and vascular cannulation to
be performed under direct vision (Table 32.1). Neural blockade
may be performed to provide immediate analgesia or anesthe-
sia for definitive surgical management. The use of ultrasound
in the combat trauma patient illustrates this point perfectly
[2]. Wounded soldiers with multiple injuries can have regional
anesthesia performed in the field, under ultrasound guidance,
for immediate analgesia and management. For example ultra-
sound can guide regional blockade of the brachial plexus in
upper limb fracture or amputation, the femoral nerve in frac-
tured femur, the posterior tibial nerve in ankle fracture, or the
intercostal nerves in rib fracture. In limb trauma ultrasound
can guide injection for regional anesthesia and has the advan-
tage of targeting nerves without the need to elicit painful motor
responses with neurostimulation. Regional anesthesia may also
have benefits of preemptive analgesia and improve microcircu-
latory flow in the injured limb.

Vascular cannulation is an important component of resus-
citation and necessary for invasive hemodynamic monitoring.
The reflex vasoconstriction and reduced circulating blood vol-
ume resulting from hemorrhage can make palpation of the
vasculature difficult. Ultrasound can be used to identify
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vascular structures, both arterial and venous, and accurately
guide needles for cannulation using the Seldinger technique.
Cannulation of the radial or femoral arteries allows transduc-
tion of systemic blood pressure. Cannulation of central veins
enables rapid fluid and drug administration during resuscita-
tion.

U LT R A S O U N D - G U I D E D
R E G I O N A L A N E S T H E S I A

Since the first report of supraclavicular brachial plexus block
using a Doppler ultrasound in 1978, ultrasound-assisted nerve
block has been described for localization of the brachial plexus,
lumbar plexus, and sciatic and femoral nerves. Outcome stud-
ies have shown ultrasound-guided techniques to provide greater
accuracy, quicker onset, and less morbidity than conventional
techniques. Conventional techniques rely on surface anatomi-
cal landmarks that define the probable location of nerves, and
in trauma these may be distorted or even inaccessible from
bandaging and splinting. With ultrasound, neural structures
can be individually identified and percutaneous injection can
be directed under direct vision toward a target nerve. Suc-
cessful regional anesthesia requires an accurate knowledge of
nerves and their pathways and their relationships to vascular
and anatomical structures.

In contrast, neurostimulation requires the tip to be in close
proximity to the nerve in order to elicit a motor or sensory
response. As with all landmark techniques neurostimulation
essentially remains a blind technique. The use of techniques
that cause the limb to move may be painful, particularly in
trauma. The risk of needle contact with vascular and neural
structures remains, and in some patients, despite an elicited
motor response, unexplained failure of anesthesia can occur.
Ultrasound studies have shown that, even when a stimulating
needle is in direct contact with a nerve, stimulation may not
occur. Mechanical contact with nerves, intraneural injection, or
local anesthetic toxicity can all result in neuropraxia. The use
of ultrasound-guided regional anesthesia can, in experienced
hands, reduce the complications of nerve contact and vascular
puncture, reducing morbidity [3, 4]. It is acknowledged, how-
ever, that ultrasound guidance will have little impact on patient
risk factors associated with nerve injury such as preexisting
neurologic deficit [5]. Further, anatomy within the epineurium
may be a factor contributing to the rare incidence of neural
injury [6].

U LT R A S O U N D P R O B E S

Modern ultrasound probes comprise an array of piezoelectric
elements that transmit and receive ultrasound waves. As sound
waves travel through tissue, they are reflected at interfaces of
altered acoustic impedance. These reflected waves form a real-
time sonographic image of neural anatomy. Linear array probes
have multiple channels that emit parallel beams for enhance-
ment of resolution, whereas sector probes with divergent beams
provide less resolution. The wavelength of transmission deter-
mines penetration depth, with smaller wavelengths having less
tissue penetration but higher image resolution. As frequency
decreases tissue penetration is increased, but image resolution

Figure 32.1. Portable ultrasound system: SonoSite MicroMaxx with lin-
ear array transducer.

is diminished. Probes with a frequency range between 5 and
15 MHz enable greater flexibility when examining different
anatomical regions for neural elements.

Modern ultrasound systems enable high-resolution imag-
ing of nerves by using appropriate software to enhance tis-
sue contrast (Figure 32.1). Subcutaneous tissues reflect sound
waves at varying degrees, depending on acoustic impedance.
The manner in which the dynamic range of this input signal
is processed determines the image quality on screen. High-
level gray-scale contrast results in precisely defined sonographic
images. In general, use a high-frequency, linear array probe for
nerve, musculoskeletal, or vascular imaging.

S O N O G R A P H I C A P P E A R A N C E O F N E RV E S

The appearance of a peripheral nerve depends on its size and
the angle of insonation. Connective tissue surrounding nerve
fascicles is often strongly reflected, producing a bright (hyper-
echogenic) circular or oval rim on transverse scanning (Table
32.2; Figure 32.2, see also color plate after p. 294). The interior
of the nerve often appears dark (hypoechoic) and can have a
granular appearance, depending on its fascicular architecture.
Individual fascicles are surrounded by perineurium, and larger
nerves with several fascicles may be invested within a capsule
called epineurium. In the long axis, nerves appear as a band of
strongly reflective interrupted parallel lines, distinguished from
tendons, which have a continuous linear-patterned appearance
(Figure 32.3). This linear fascicular pattern is a feature of larger
nerves and is absent in small nerves.

The sonographic appearance of neural structures may be
altered if the angle of insonation is oblique, and reflection is
returned tangentially to the transducer. In such situations nerve
rims may appear hypoechoic rather than hyperechoic in relation
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Table 32.1: Advantages and Disadvantages of Ultrasound for Nerve Blocks and Vascular Procedures

Advantages Disadvantages

Nerve blocks Improved reliability
Surface landmarks not required
Individual anatomy identified
New approaches possible
Accurate deposition of local anesthetic
Reduced complications
Avoidance of neural, vascular, and pleural

contact
Monitoring of injectate spread and

adjustment of needle

More complex procedure
May require assistant
Increased setup time
New skill to learn
Training and credentialing
Sterility
Technical variations in image quality
Resolution poorer at greater depths/low

frequencies
Difficulty visualizing needle at acute

angles to beam
Interindividual variation in visibility
Overconfidence if needle tip not clearly

visualized
Lower doses May become reliant on new technology
Improved patient comfort

Vascular access Reduced complications
Arterial puncture
Pleural puncture

More complex procedure
May require assistant
Increased setup time
New skill to learn
Training and credentialing
Sterility

Faster procedure
Ability to avoid unfavorable anatomy,

e.g., small veins
Fewer needle passes
Improved patient comfort

Overconfidence if needle tip not clearly
visualized

Detection of pathology
Thrombosis
Low-flow states/ischemia

Table 32.2: Ultrasound Characteristics of Different Body Tissues

Tissue Deformability Texture Anisotropy

Fat Deformable Hypoechoic with fine lines No

Muscle Deformable
Slides in fascial planes

Coarse texture generally hypoechoic No

Bone No Fine bright line, shadowing behind No

Proximal nerve Slides Hypoechoic center, bright outside rim Yes, only outer rim

Distal nerve Slides Fascicular, showing as parallel lines in
long axis

Yes

Tendon Slides Fine textured fascicular more distinct
than nerves

Yes

Vein Compresses easily, sometimes pulsatile
if large.

Anechoic No

Artery Compresses with firm pressure, often
not completely. Pulsatile

Anechoic No
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Figure 32.2. Supraclavicular sonogram of neural elements (n) adjacent to subclavian artery (SCA).

to surrounding tissues. This appearance due to oblique reflec-
tion, is known as anisotrophy and is dependent on examination
technique. Anisotropy is useful when identifying distal nerves
as they characteristically “light up” on the ultrasound image
when the beam is perpendicular. Surrounding vascular struc-
tures are poorly reflective and appear anechoic, though arterial
vessels often appear pulsatile. Veins are nonpulsatile and easily
compressed by surface pressure. Fat and muscle (except per-
imysium) appear hypoechoic, tendons hyperechoic, and bone
strongly hyperechoic.

P E R I P H E R A L N E RV E I N J U RY

Sonographic neural mapping requires a sound knowledge of
anatomy as well as acquisition of skills in ultrasound tech-
nique. Examination of a peripheral nerve for injury requires
identification of its proximal position or origin and tracing of

its course distally down a limb. Neurovascular and muscular
relationships need to be identified as well as discrimination
of neural echotexture for the appearance of injury. The sciatic
nerve, for example, can be mapped with ultrasound as it exits
the greater sciatic foramen to travel beneath the gluteal mus-
cles into the thigh and extends distally to become the posterior
tibial nerve at the popliteal fossa. Similarly the brachial plexus
can be examined sonographically above and below the clavicle,
followed to the axilla where it branches into terminal branches,
the radial, ulnar, median, and musculocutaneous nerves, which
travel down the arm.

The mechanism of traumatic nerve injury can involve lac-
eration, contusion, compression, or stretching of a nerve [7].
This may be associated with surrounding soft tissue injury,
hematoma formation, or displacement of bone fractures. Radial
nerve injuries associated with fractures of the humerus are
the most common nerve injury seen in traumatic long-bone
fractures. The radial nerve is particularly susceptible to injury

Figure 32.3. Long- and short-axis view of a typical peripheral nerve, the median nerve in the forearm.
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Figure 32.4. Longitudinal view of hypoechoic and enlarged radial nerve
(solid arrows) with disrupted proximal end (open arrow) in spiral fracture
of the humerus (with permission [4]).

because of its close relationship to the humerus and its relative
immobility as it pierces the lateral intermuscular septum of the
arm. Injury is more likely to occur with fractures of the middle
and distal thirds of the humerus. Direct contact with bony frag-
ments can result in laceration, while entrapment of the nerve
within hematoma can also occur. Ultrasound examination can
identify altered nerve size and shape [8] with enlargement and
loss of normal fascicular pattern being a diagnostic feature of
diffuse nerve swelling (Figure 32.4). In other cases, complete
rupture of nerve continuity, partial laceration, formation of
traumatic neuroma, or entrapment within hematoma or callus
may be seen. Once the technique of sonographic examination is
mastered, the site and extent of neural injury can be identified
and correlated to clinical findings.

VA S C U L A R I N J U RY

Similarly, traumatic arterial injury can present clinically as
active bleeding, rapidly growing and pulsatile hematoma, pale
and cold extremities, absent or very weak distal pulses, asso-
ciated neurologic deficits, and associated injuries to bony and
soft tissues. Traumatic brachial artery injuries constitute a rel-
atively large proportion of peripheral arterial injury. Doppler
ultrasonography of the upper extremity has been shown to be
as specific and sensitive as arteriography in detecting brachial
artery injuries [9]. Doppler ultrasonography can detect reduced
arterial systolic pressures and flow, which is diagnostic for arte-
rial injury.

T E C H N I Q U E O F U LT R A S O U N D - G U I D E D
R E G I O N A L A N E S T H E S I A

Terminology

Because ultrasound is essentially a two-dimensional medium,
a terminology has grown to describe the orientation between
the beam and structures imaged. Images that are transverse to a
given structure are said to be “short axis,” whereas images that
are longitudinal are called “long axis.”

Figure 32.5. Movements of the ultrasound probe.

Movements of the Probe

The most common movement of a linear probe involves angu-
lation. With angulation structures in the beam at depth will
move far more than those near the surface, as the beam is angled
from a fixed line on the surface. Probe rotation is used to align
structures either in short axis or long axis. Only in the axis of
rotation is the image constant. The probe may also slide along
the skin either in the plane of the beam or transversely; if the
probe remains in the same orientation, all structures are moved
equally within the beam (Figure 32.5).

Examination Technique

The initial preparation involves an appropriate choice of set-
tings for frequency and gain. Adjust the image gain to obtain
an even brightness from top to bottom. For color Doppler, scale
settings should have a low-velocity limit (about 15 cm/sec) and
the gain adjusted to the maximum that does not produce color
on solid tissues. Use a sterile sheath for ultrasound-guided pro-
cedures. Sterile gel, water saline, or antiseptic may be used on
the skin as an ultrasonic coupling medium. Removal of air from
the injectate syringe, tubing, and regional needle is manda-
tory, as injected air grossly obscures sonographic anatomy. The
technique of ultrasound examination involves the use of gen-
tle pressure on the skin to avoid anatomical distortion. Fine
movements of the probe are used to visualize target nerves and
surrounding anatomy. By using a gentle sweeping pattern of the
probe, individual sonography can be better visualized initially.
The use of pressure from the probe may help define anatomi-
cal structures as they move on each other. Rotating the probe
from short- to long-axis planes also defines relational anatomy.
Color flow Doppler can help identify vascular structures and
gentle pressure can compress venous structures, distinguish-
ing them from arterial vessels. Once a target nerve is identified
sonographically, the image is centered and a direct route for
needle advancement is chosen.

The probe is held either transversely or longitudinally with
respect to the nerve (Figure 32.6), and local anesthetic infiltra-
tion is applied to the skin adjacent to the probe. The regional
needle is initially advanced through the skin only a few mil-
limeters. The needle tip position is monitored on the screen
and, if not readily seen, can be identified by a gentle oscillatory
movement of the needle shaft, which causes surrounding tissue
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Figure 32.6. Regional anesthesia using an ultrasound probe (out-of-
plane approach).

movement. Transverse positioning of the probe with respect to
the needle (out of plane) enables visualization of the needle tip
only, with the needle shaft remaining out of the visual plane.
Longitudinal (in plane) positioning enables visualization of the
whole needle shaft and tip and is a preferred alignment for some
practitioners. Rotation from transverse to longitudinal axes is
determined by the size of the probe footprint and the anatom-
ical area under investigation.

Needle Visualization

The major factors determining the visibility of a needle under
ultrasound are the angle of the needle to the ultrasound beam,
the reflecting characteristics of the needle, and the ultrasound
texture of the surrounding tissue [10]. All needles reflect ultra-
sound best when positioned so that the ultrasound waves are
traveling at close to perpendicular to the needle. When angled
acutely to the beam smaller needles become difficult to see, par-
ticularly at depth. Larger needles are generally easier to see and
some needles are available with coatings to improve visibility.
Fluid injected via the needle is seen as an expanding hypoechoic
(black) area on the image; this may help to locate the position of

Figure 32.7. Orientation of the needle with respect to the ultrasound probe.

the tip. In general, if the needle tip has a machined cutting edge
it is more brightly reflecting than the shaft. Needle placement
with respect to the ultrasound beam is either out of plane or in
plane. If the needle is introduced some distance from the probe
to subsequently come into the beam at the same depth as the
target (from around a curved body surface) it is then introduced
in an in-plane perpendicular orientation (Figure 32.7).

The needle tip is advanced under direct vision, avoiding
contact with vascular or neural structures. Regardless of orien-
tation, keeping the tip in vision requires careful technique and
repeated small angulation movements of the probe to ensure
that the tip is seen. Once the tip is placed adjacent to a target
nerve local anesthetic solution is injected and monitored as it
invests the nerve. Local anesthetic may be seen depositing in the
wrong plane, in which case the needle can be repositioned after
only a small amount of injectate. Sometimes injectate may start
in an apparently ideal position but stream away from the nerve,
often up the needle track. The injection should be stopped and
the needle repositioned. Intravascular injection is evident by the
lack of injectate seen distending tissues. Careful aspiration is still
required before injection; however, the visualization of injec-
tate spreading in the tissue is reassuring and a further check on
the correct deposition of local anesthetic. For each target nerve
the needle tip can be repositioned and local anesthetic injected
separately. Often the injection itself may move the nerve, and
the needle can be repositioned to achieve full perineural infil-
tration. Because injectate can be accurately placed, less total
volume is often required. Placement of catheters is also facili-
tated by ultrasound with ultrasound imaging ensuring that the
catheter lies adjacent to the nerve as it is railroaded into place.
Studies have shown high success with catheter placement using
ultrasound guidance [11].

B R AC H I A L P L E X U S E X A M I N AT I O N

The brachial plexus originates from cervical (C5–8) and thoracic
(T1) nerve roots that form the superior, middle, and inferior
trunks. The plexus travels to the base of the posterior triangle
of the neck, where the trunks divide into anterior and pos-
terior divisions, at the lateral edge of the first rib. These pass
infraclavicularly to form cords around the axillary artery before
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Figure 32.8. Sonographic anatomy of the brachial plexus in the interscalene region: Scalenus medius (SM),
scalenus anterior (SA), and sternomastoid muscle (SM). Superior (s), middle (m), and inferior (i) trunks.

entering the axilla [12]. There are marked differences in neural
architecture and size of surrounding adipose tissue compart-
ments between the proximal and distal parts of the brachial
plexus, which might explain differences in onset times, block
quality, and risk of nerve damage with injections within the
epineurium [6].

Interscalene Block

Ultrasound examination begins by placing the ultrasound
probe on the neck, adjacent to the cricoid cartilage, then moving
it laterally over the sternocleidomastoid muscle. Identification
of the carotid, internal jugular vein, and adjacent thyroid tissue
provides reference landmarks. With further movement of the
probe, the trunks of the plexus are located within the inter-
scalene groove formed by anterior and medial scalene muscles
(Figure 32.8, see also color plate after p. 294). Deep and medial
to these trunks, the acoustic shadow of the C6 transverse pro-
cess may be seen. The vertebral artery and vein may also be
identified anterior to this bony process with proximal nerve
roots posterior to the vertebral vessels. Important anatomical
variations seen at this level include slips of muscle dividing the
interscalene groove into two, intramuscular locations of nerves,
and the presence of a large transverse cervical artery crossing
the interscalene groove.

Supraclavicular Block

Ultrasonography of the supraclavicular region involves place-
ment of the transducer above the midpoint of the clavicle. Alter-
natively, the imaged interscalene brachial plexus can be followed
downward and laterally to reach the supraclavicular region. The
key structure for orientation is the subclavian artery located
between the scalene muscles. Color flow Doppler will readily
identify this vessel as well as distinguish neural elements from
arterial and venous branches (in particular, suprascapular and
transverse cervical branches).

The primary trunks divide into their anterior and poste-
rior branches, which appear as a cluster of nodules adjacent
to the subclavian artery, usually in a cephaloposterior relation

(Figure 32.9). Distribution can vary, with elements of the infe-
rior trunk occasionally positioned inferior to the artery, result-
ing in ulnar sparing during blockade. The omohyoid muscle is
seen overlying them superficially and the strong reflective sig-
nal of the first rib is noted inferiorly. The cervical pleura can
be imaged medially and posteriorly, behind the rib, an impor-
tant landmark to avoid inadvertent pleural puncture with injec-
tion. The dorsal scapular artery if present may be seen passing
through the supraclavicular brachial plexus.

Infraclavicular Block

Infraclavicular examination requires placement of the probe
below the midpoint of the clavicle. The plexus and axillary ves-
sels are located deep to the overlying pectoralis major and minor
muscles as well as the clavipectoral fascia. A lower ultrasound
frequency is often required for adequate penetration. Deep to
these structures, the ribs appear highly reflective and the pleura
is easily identified.

Color flow Doppler is helpful in identifying the axillary
artery and its thoracoacromial branch in this area. More dis-
tal branches of the axillary artery include the long thoracic,

Figure 32.9. Sonogram of supraclavicular block.
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Figure 32.10. Sonographic anatomy of the brachial plexus in the infraclavicular region, medial to the coracoid.

subscapular, and humeral circumflex arteries. The axillary vein
is located inferomedial to the artery and receives the cephalic
vein at this level of the clavipectoral triangle. The plexus divi-
sions are initially located cranial to the axillary artery and, as
they travel over the first rib, group to form medial, lateral, and
posterior cords around the artery. The medial cord is often
positioned between the artery and vein (Figure 32.10, see also
color plate after p. 294). Identification of individual cords using
ultrasound is only possible in excellently imaged subjects. The
block can be successfully performed by periarterial deposition
of local anesthetic. It is important to place local anesthetic deep
to the artery.

Axillary Block

The axillary artery enters the axilla and lies within the internal
bicipital groove formed by biceps and coracobrachialis supe-
riorly, and triceps inferiorly. A transverse view of the axillary
artery is obtained by placing the probe 90◦ over the sulcus,
adjacent to the pectoral fold. The nerves are positioned around

the artery and, in general, the median nerve lies anterior, ulnar
nerve inferior, and radial nerve posterior to the artery. The
musculocutaneous nerve originates high in the axilla and trav-
els on the aponeurotic surface or within the body of coraco-
brachialis. This accounts for its sparing during axillary brachial
plexus anesthesia. The distribution of nerve position can vary
as shown in Figure 32.11 (see also color plate after p. 294).
Multiple venous structures are usually present and increase
the risk of intravascular injection with blind percutaneous
techniques.

The Distal Nerves in the Forearm

The terminal branches of the brachial plexus can be mapped
individually as they travel from axilla down the arm. Nerve block
of these branches at the elbow produces effective analgesia and
anesthesia in their respective distribution (Figure 32.12, see also
color plate after p. 294).

The radial nerve travels from the axilla between the medial
and lateral heads of triceps, obliquely along the spiral groove
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Figure 32.11. Sonographic anatomy of the brachial plexus in the axillary region.
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Figure 32.12. Diagram of cross-section at the cubital fossa showing rela-
tions of radial, median, and ulnar nerves.

of the humerus, and pierces the intermuscular septum to enter
the posterior compartment of the arm. Above the elbow it then
travels anteriorly to lie between brachialis and brachioradialis.
The nerve enters the lateral part of the cubital fossa, dividing
into the superficial radial and posterior interosseous branches.

A B

C D

Radial nerve

Brachial
artery

Brachioradialis

Brachial artery

Median
nerve

Ulnar nerve

Triceps tendon

Humerus

FCU

Ulnar
nerve
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Figure 32.13. (A) Sonogram of radial nerve at the cubital fossa. (B) Sonogram of the median nerve in the cubital
fossa at the point where it leaves the brachial artery to pass deep to FDS. (C) Ulnar nerve above the elbow. Note the
similarity to the tendon of triceps, the ulnar nerve is more superficial. (D) Ulnar nerve in the proximal forearm
in the Y area beneath FCU.

In the cubital fossa it is well identified in the short axis by ultra-
sound in the fascial plane beneath the brachioradialis, often
accompanied by an artery. The nerve is typically flattened in
cross-section. Local anesthetic, injected perineurally into the
plane in which the nerve lies, spreads widely and produces effec-
tive block (Figure 32.13).

The median nerve travels down the arm in close proxim-
ity to the brachial artery, entering the forearm at the cubital
fossa between the two heads of pronator teres muscle (pronator
teres tunnel) and over the ulnar artery. It travels down the fore-
arm between flexor digitorum superficial (FDS) and profundus
(FDP) muscles to enter the wrist between flexor retinaculum
and flexor digitorum tendons. The nerve is most easily blocked
in the cubital fossa where it is identified proximally by its rela-
tion to the brachial artery. Further distally it leaves the artery to
pass deep to FDS. It is often at this level flattened in the short
axis, although as it passes distally, it becomes rounded.

The ulnar nerve travels down the arm, medial to the brachial
artery, and at mid-humerus passes posteriorly to pierce the
medial intermuscular septum. It travels to the elbow on the
anterior face of the medial head of triceps, and then turns behind
the medial condyle of the humerus, over the elbow capsule, to
enter the forearm between the humeral and ulnar heads of flexor
carpi ulnaris. In the forearm, the ulnar nerve descends on flexor
digitorum profundus and is covered by flexor carpi ulnaris, the
tendon of which lies medial to the nerve at the wrist. It crosses
the flexor retinaculum lateral to the pisiform. Blockade of the
ulnar nerve may occur easily both proximal and distal to the
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Figure 32.14. Sonographic anatomy of the femoral nerve below the inguinal ligament.

elbow. Proximal to the ulnar groove of the humerus it may be
identified lying on the distal belly of the triceps on the medial
side of the arm. There is a tendon within the substance of triceps
at this level with which it may be confused; the nerve may be
followed proximally to confirm its identity as the tendon is
short.

The ulnar nerve may also be approached below the elbow.
The nerve runs in a constant course in a Y beneath the belly
of flexor carpi ulnaris. It is easily identified and blocked in this
position on the medial forearm. More distally the nerve is joined
by the ulnar artery which may aid identification.

LU M B O S AC R A L P L E X U S E X A M I N AT I O N

The lumbar plexus (T12, L1–4) is located deep within the psoas
muscle and lies anterior to the transverse processes of each
lumbar vertebra. The sacral plexus (L4–5, S1–4) passes through
the greater and lesser sciatic foramina. The lumbosacral plexus
supplies the motor and sensory innervation of the leg predom-
inately via the femoral nerve anteriorly and the sciatic nerve
posteriorly.

The Femoral Nerve

The femoral nerve (L2–4) is the largest branch of the lumbar
plexus that passes beneath the inguinal ligament in a groove
between the psoas and iliacus muscles. It is both a sensory and
motor nerve, with blockade producing sensory anesthesia of
the upper leg anteriorly and medial calf, and inability to abduct
the leg or extend the lower leg. It lies on iliopsoas immediately
lateral (one finger breadth) to the femoral artery and is covered
by fascia lata and fascia iliaca. The femoral nerve gives off an
anterior and posterior division, of which a cutaneous branch
continues to the lower leg as the saphenous nerve.

Because the femoral nerve is relatively superficial, a high-
frequency probe placed just distal to the inguinal ligament will

identify the nerve lateral to the artery, with a portion of psoas
separating the two structures (Figure 32.14, see also color plate
after p. 294). The femoral vessels and lymphatics lie in a separate
fascial plane medial to the nerve. This fascial plane is, however,
difficult to appreciate on ultrasound. The femoral nerve may
be blocked in isolation or, as many believe, in conjunction with
the obturator and lateral cutaneous nerves (3-in-l block) when
larger injectate volumes spread perivascularly to reach the prox-
imal lumbar plexus. The efficacy of this approach is questioned
by some. Ultrasound guidance in performing a femoral nerve
3-in-1 block, however, is well described and has been shown to
have increased accuracy and low morbidity [13].

The Sciatic Nerve

The sciatic nerve (L4–5, S1–3) exits the pelvis through the greater
sciatic foramen to enter the leg between the greater trochanter
and ischial tuberosity. It is a large flattened nerve, over 1 cm in
width, which travels inferior to piriformis and deep to gluteus
maximus and medius muscles. The superior gluteal artery is
superomedial to the sciatic nerve at this proximal point; in a
small percentage of patients, the nerve may have a high bifur-
cation, dividing into tibial and peroneal branches as it emerges
from the sciatic foramen. At this level the posterior femoral
cutaneous nerve also emerges. Ultrasonic examination requires
the use of a lower-frequency probe as insonation may need a
penetration depth of 3–5 cm. It travels into the thigh poste-
rior to the lesser trochanter of the femur, and distally along the
posterior border of adductor magnus beneath biceps femoris
(Figure 32.15). The popliteal artery and vein, a continuation of
the femoral vessels, enter the popliteal fossa via the adductor
canal to lie anteromedial to the sciatic nerve. The sciatic nerve
divides into posterior tibial and peroneal branches. The tibial
nerve travels to the ankle, passes beneath the flexor retinac-
ulum, and gives off the medial and lateral plantar nerves. The
peroneal nerve leaves the popliteal fossa laterally by crossing the
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Figure 32.15. Sonographic anatomy of the sciatic nerve in the infra-
gluteal region.

head of the gastrocnemius to wind subcutaneously around the
fibula head. It gives rise to the deep peroneal nerve that enters
the foot between hallucis extensor longus and tibialis anterior
and lateral to the dorsalis pedis artery. The second branch, the
superficial peroneal nerve, travels down the leg in the lateral
compartment to innervate the lower leg and foot.

Blockade of the sciatic nerve will provide anesthesia to the
foot and the lower extremity distal to the knee. Many classical
approaches exist with patients being positioned either supine,
lateral, or semiprone. The midpoint between greater trochanter
and ischial tuberosity, the posterior superior ileac crest, the
sacral hiatus, gluteal muscle, and the midpoint of the thigh
have all been used as landmarks to guide needle puncture for
regional anesthesia. Complications include failure, hematoma,
and intraneural injection.

Ultrasound can scan the buttock and thigh posteriorly, to
identify the sciatic nerve as it travels down to the popliteal fossa.
Ultrasonic mapping of sciatic nerve size, depth, and position
has been accurately described with reference to the ischial spine,
ischial tuberosity, and lesser trochanter level [14]. It is most
superficial in the subgluteal region and suitable for block at
this point. Imaging can be difficult if beam angulation is not
perpendicular to the nerve and poor muscle penetration occurs.
In the thigh the sciatic nerve is quite varied in shape from round
to ribbon like in short axis. Imaging in the popliteal fossa also
identifies the sciatic nerve, the point at which it divides, and the
relationship between peroneal and tibial nerves (Figure 32.16).
The nerve is often easy to identify in the popliteal fossa due to
its superficial location and high connective tissue content. This
may provide a convenient starting point to follow the nerve
more proximally to be blocked in the thigh. Alternatively, the

Peroneal
nerve

Popliteal
vein

Popliteal
artery

Tibial nerve

Figure 32.16. Sonogram of the bifurcated sciatic nerve in the popliteal
fossa.

nerve may be blocked in the popliteal fossa, although above
its division the block may be slow to come on as the nerve is
thickened.

Blocks below the Knee

The common peroneal nerve may be identified as it passes
around the fibula; this is not a recommended site for blockade
due to the risk of neuropraxia. Distal to this, the deep peroneal
branch accompanies the anterior tibial artery where it may be
blocked. The superficial peroneal nerve has no similarly conve-
nient vascular landmark although it lies deep to the peroneus
longus in the proximal leg. The posterior tibial nerve lies deep in
the calf until it emerges on the medial side of the distal leg above
the ankle. It is readily identified at this level in conjunction with
the posterior tibial artery and may be blocked.

Psoas Compartment Block

The lumbar plexus has a sensory innervation of the lower limb
from thigh to medial malleolus, the anterior upper leg, and
lower abdomen. The psoas compartment block attempts to
block the nerve roots of the plexus as they emerge from the
intervertebral foramina. The plexus lies within a fascial com-
partment between quadratus lumborum and psoas muscles.
Many approaches are described often using L3–4 vertebral bod-
ies as reference points for needle insertion. Imaging of the
plexus with ultrasound has been described but can be diffi-
cult as it is a deep structure and is adjacent to the vertebral
column.
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E P I D U R A L A N E S T H E S I A

In adults, ultrasound imaging of the epidural space is poor even
with the use of a low-frequency probe. The epidural space is
deeply situated and is surrounded by bone of the vertebral col-
umn. Ultrasound has been used to identify vertebral landmarks
in obesely gravid patients and reduce the number of attempts of
puncture for epidural catheter placement. In infants and chil-
dren, however, the incomplete ossification of vertebra enables
ultrasound to accurately visualize the epidural space, to punc-
ture of the ligamentum flavum, and to place the catheter.

I N T E R C O S TA L A N D
PA R AV E R T E B R A L B L O C K S

Ultrasound scanning in the longitudinal plane shows the ribs
in the short-axis with adjacent neurovascular bundle, inter-
costal muscles and parietal pleura. Needles can be visually
placed beneath the inferior rib border for intercostal block, or
advanced to the paravertebral region. An advantage is imme-
diate screening for post block pneumothorax and the identifi-
cation of ribs when extensive tissue swelling is present. How-
ever the presence of subcutaneous emphysema may make ultra-
sound imaging difficult.

A B D O M I N A L WA L L B L O C K S

Using ultrasound the somatic innervation of the anterior
abdominal wall may be blocked using both single shot and
catheter infusion techniques to minimize opioid use follow-
ing abdominal trauma. The ilioinguinal/iliohypogastric block
and the rectus sheath block may be performed using ultrasound
guidance to improve the accuracy of local anesthetic deposition.
More extensive block of the abdominal wall may be achieved by
placing local anesthetic into the neurovascular plane between
the transversus abdominis and internal oblique muscles, the
transversus abdominis plane (TAP) block [15]. The TAP block
can avoid many of the difficulties of epidural analgesia such as
excessive sympathetic block and concerns regarding epidural
hematoma and infection. If the ultrasound probe is held per-
pendicular to the abdominal wall the transversus plane is visible
between 2 to 6 cm depth, well highlighted by the perpendicular
orientation of the fibers. The needle is introduced “in plane”
and several cm from the transducer to approach the transver-
sus plane perpendicular to the beam, which optimizes needle
imaging. Subumbilical analgesia may be achieved by placing
local anesthetic laterally, near the most posterior extent of the
transversus muscle in the mid-axillary line between the 12th rib
and iliac crest (posterior TAP block). If local anesthetic is also
placed into the same plane along the costal margin the block
extends further above the umbilicus (oblique subcostal TAP
block). Robust clinical studies of ultrasound guided TAP block
are not yet available; however, early reports are encouraging
[16].

U LT R A S O U N D - G U I D E D VA S C U L A R AC C E S S

Ultrasound guidance for central venous catheter (CVC) place-
ment has been shown to reduce the risk of inadvertent arte-

rial puncture, pneumothorax, and failed line placement. Ultra-
sound is particularly useful for CVC placement via the internal
jugular and femoral veins, it may also be used for placement
of subclavian and peripheral cannulae, peripherally inserted
central catheters (PICC), and arterial cannulae.

The U.K. National Institute of Clinical Excellence (NICE)
guidelines in 2002 recommended the use of ultrasound for the
placement of adult and pediatric CVCs via the internal jugular
vein (IJV) [17]. The U.S. Agency for Healthcare Research and
Quality (AHRQ) in 2001 recommended the use of real-time
ultrasound guidance during central line insertion [18].

For many CVC insertions ultrasound-guided and landmark
techniques are essentially the same in terms of needle inser-
tion, point, and depth. Use of routine ultrasound identifies
patients with difficult or variant anatomy and pathology before
the insertion is commenced, and skills in ultrasound anatomy
and eye–hand coordination are improved by regular use. Time
to establish venous access from first needle insertion is gen-
erally improved by ultrasound, but setting up the equipment
may sometimes result in slower insertion. Equipment availabil-
ity and experience will minimize this.

As with all ultrasound-guided needle techniques, continu-
ous identification of the needle tip is the key to safe practice.
Short axis out of plane techniques are generally preferred for
vascular access and the NICE and AHRQ recommendations are
based this approach.

Veins may be distinguished from arteries, using ultrasound,
by their more irregular outline, less obvious pulsatility, and eas-
ier occlusion under pressure. Color Doppler characteristics of
veins include lower-velocity flow, sometimes varying with res-
piration and augmented by squeezing the distal limb. Arteries
are usually rounder with more distinct walls, visibly pulsatile,
and with a strongly pulsatile flow in color Doppler imaging.

Jugular Venous Puncture

The ultrasound transducer is placed in short axis displaying a
cross-section of the IJV and the carotid artery. The first view
establishes the size of the vein and position relative to the carotid
artery. Unlike the carotid artery, the vein is easily occluded by
pressure from the ultrasound transducer. If the vein is small, the
other IJV should be examined because there is occasionally a
large difference in size. Venous distension is optimized by Tren-
delenberg positioning, by Valsalva maneuvering, or by pressing
on the abdomen. The IJV is typically 1.5 to 2.5 cm under the
skin surface and anterolateral to the carotid artery. The needle
should be directed away from the carotid artery and, therefore,
the insertion point is usually anteromedial to the IJV (Figure
32.17). The needle should be angled steeply into the neck in the
direction of the IJV with the aim of contacting the vein in the
plane of the ultrasound beam. The needle tip is seen initially
displacing the anterior wall of the IJV. At this point, additional
venous distension may be achieved by asking the patient to
hold their breath in inspiration or if the lungs are being venti-
lated by advancing during the inspiratory phase. A short, quick
advancement or rotation of the needle may facilitate puncture
of the anterior wall of the IJV that may otherwise be pushed into
contact with the posterior wall by pressure from the needle.

During the procedure the ultrasound probe should be
manipulated by using small angulations to confirm that the
needle tip is identified in the ultrasound beam. Movement of
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Figure 32.17. Picture of technique for internal jugular vein puncture and sonogram of needle near IJV. Note the
needle tip cannot be ascertained in this still picture.

the anterior wall of the IJV alone is not sufficient to identify the
tip as some wall displacement occurs several centimeters from
the puncture point. Once the needle tip is seen inside the vein
and blood aspirated, a wire or cannula is inserted to complete
the CVC by standard Seldinger techniques.

Femoral Venous Puncture

The femoral vessels are identified below the inguinal ligament
in the short axis. The vein generally runs medial to the artery,
although it is sometimes posterior. The femoral vein must be
distinguished from the long saphenous vein, which is superfi-
cial, and the profunda femoral artery, which branches from the
posterior aspect of the femoral artery. The femoral nerve may
be seen lateral to the artery. The vein is targeted by a needle
directed away from the femoral artery; as with the IJV, a short,
quick advancement may facilitate puncture once the needle is
positioned in contact with the vein.

Infraclavicular Venous Puncture

The subclavian vein is difficult to image in ultrasound in a probe
position that guides needle puncture. The axillary vein, how-
ever, lies lateral to the first rib and may be imaged along its
length in short or long axis. The axillary artery is relatively easy
to mistake for the vein in long axis as it runs immediately pos-
terior, and the first rib and pleura are related deep to the medial
end of the vein. By using the long-axis technique [9], the needle
is introduced in plane from the lateral side under the length
of the probe to the puncture site at the medial end of the vein
(Figure 32.18). The needle passes relatively perpendicular to the
ultrasound beam, which facilitates tip visualization. Due to the
width of the ultrasound beam, the needle may not be pointing
as directly at the vein as it may appear in the image and should

be redirected if the superficial wall of the vein does not move in
when needle appears to contact it. In the short-axis approach
the artery and vein are easier to distinguish and the needle can
be directed confidently straight toward the vein. The needle
tip, however, is harder to see and the angle of approach steeper

Figure 32.18. Seldinger wire placed in axillary vein in long-axis view (in
plane approach).
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with the pleura in close proximity. Either technique requires
caution and previous experience with other ultrasound-guided
approaches.

Other Vascular Access

Large veins are usually identifiable in the cubital fossa and prox-
imally in the arm. These may identified in short axis and can-
nulae placed under ultrasound guidance by using similar tech-
niques as for larger veins. Similarly arteries may be identified
and cannulated. Short axis and long axis techniques may be
used according to preference, it is often better to observe the
needle for flashback rather than watching the ultrasound screen
at the moment of vessel puncture.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Ultrasound of the brachial plexus identifies nerves as:

a. Anechoic nodules
b. Hypodense granulated nodules
c. Densely reflective
d. Curved on longitudinal scan

2. Ultrasound of the radial nerve at the axilla shows it is related
to the artery:

a. Posteriorly
b. Superficially
c. Anteriorly
d. Within coracobrachialis

3. Surface ultrasound of the brachial plexus can identify all
except:

a. Plexus sheath
b. Nerve roots
c. Injectate needle tip
d. Lung

4. Ulnar sparing during brachial plexus anesthesia is indicated
by an ultrasound appearance of:

a. Inferior trunk inferior to (subclavian artery)
b. Inferior trunk superior to (subclavian artery)
c. Superior trunk adjacent to (subclavian artery)
d. Middle trunk lateral to anterior scalene

5. The transverse process of Ce:

a. Lies lateral to the interscalene space
b. Has the vertebral artery and vein posterior
c. Has nerve roots lateral to it
d. Is often used as a landmark for the supraclavicular

approach

6. In the axilla on ultrasound:

a. The axillary artery lies between coracobrachialis and
biceps.

b. The axillary artery is surrounded by cords.

c. The median nerve lies anterosuperior to the axillary
artery.

d. The musculocutaneous nerve is located inferior to the
axillary artery.

7. Light pressure can cause occlusion of:

a. Veins
b. Arteries
c. Veins and arteries
d. Neither veins nor arteries

8. When cannulating the femoral artery, the order of struc-
tures on the patient’s left side, from medial to lateral is:

a. Nerve, vein, artery
b. Nerve, artery, vein
c. Vein, artery, nerve
d. Vein, nerve, artery

9. Which of the following transducers would be best to aid in
the insertion of a PICC line:

a. 12 MHz phased array transducer
b. 15 MHz linear array transducer
c. 5 MHz phased array transducer
d. 4 MHz linear array transducer

10. The depth of the femoral artery from the skin surface is:

a. Typically less than one centimeter
b. Typically less than two centimeters
c. Typically between two and four centimeters
d. Typically greater than four centimeters

A N S W E R S

1. b
2. a
3. a
4. a

5. c
6. c
7. a

8. c
9. b

10. c
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U S E O F E C H O C A R D I O G R A P H Y A N D

U LT R A S O U N D I N T R AU M A

Colin Royse and Alistair Royse

Objectives
1. Identify the wide range of uses of ultrasound in trauma.
2. Understand the concept of “hemodynamic state” assessment.
3. Understand how echocardiography interpretation can guide clinical management.
4. Understand the basics of focused abdominal sonography in trauma (FAST) and other surface

ultrasound diagnostic studies.
5. Understand how to get started using ultrasound.

S U M M A RY

The use of ultrasound in trauma anesthesia is increasing
rapidly, including transesophageal echocardiography, transtho-
racic echocardiography, and a multitude of surface ultrasound
applications including the FAST scan, and assessment for pneu-
mothorax, pleural effusion, and deep vein thrombosis. It is
being used as a guide for a number of procedures including vas-
cular access, nerve blocks, pleural drainage, and percutaneous
tracheostomy. This chapter will focus on hemodynamic assess-
ment with echocardiography, as well as surface ultrasound diag-
nostic skills, whereas ultrasound-guided procedures are consid-
ered further in Chapter 32.

H O W M A N Y WAY S C A N U LT R A S O U N D B E
U S E D D U R I N G T R AU M A A N E S T H E S I A ?

The key to successful use of ultrasound during trauma anes-
thesia is to understand that it provides rapid diagnostic
information to assist patient management. The FAST scan
(focused abdominal sonography in trauma) is well established
in the emergency department for the assessment of abdominal
trauma. Although this is a useful test, it is a small part of ultra-
sound use that is available in trauma. Hemodynamic state eval-
uation is a process of categorizing the underlying hemodynamic
conditions by using echocardiography as an adjunct to our con-
ventional clinical monitors. This is the single most useful area
of ultrasound application in trauma. Better diagnostic infor-
mation will translate into improved management. Although

transesophageal echocardiography has been commonly used
by anesthesiologists, the use of transthoracic echocardiography
should be encouraged because it is rapid to perform and non-
invasive. Once practitioners understand how to use ultrasound
equipment, then it is a small step to check for pneumothorax
or pleural effusion, to use in ultrasound-guided vascular access,
to help place nerve blocks for anesthesia or pain relief, to assess
blood flow in compromised limbs, or even to check for deep
vein thrombosis.

U N D E R S TA N D I N G U LT R A S O U N D
E Q U I P M E N T

The current generation of ultrasound machines are typically
suitable for multiple-examination types, including abdominal,
vascular, cardiac, and musculoskeletal studies. Furthermore,
advances in computer technology have allowed miniaturiza-
tion of ultrasound machines, such that portable and robust
machines are available in a laptop computer-sized machine
(e.g., Sonosite M-Turbo or MicroMaXX). What is more impor-
tant, however, is the type of probe available for the particu-
lar application. The typical trauma anesthesia “setup” would
include:

■ console
■ 2.5- to 3.5-MHz phased array transducer for transtho-

racic echocardiography (TTE)
■ 5- to 7-MHz transesophageal echocardiography (TEE)

probe

5 1 4
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■ 10- to 15-MHz linear array transducer for vascular
access, musculoskeletal examination, and nerve block
insertion

■ 3- to 6-MHz curved linear abdominal probe for FAST
and abdominal aortic examination.

The reason for the range of probes is the trade-off between
depth of ultrasound penetration and image quality. The higher
the frequency, the better the image, but the lower the depth
of penetration. For example, a 15-MHz probe provides excel-
lent resolution for assessment of nerves and vessels, but it is of
no use beyond about 3 to 4 cm. For transthoracic echocardio-
graphy, or abdominal ultrasound, depths of 10 to 20 cm are
commonly required. Conversely, the resolution with a lower
frequency transducer would not provide adequate imaging
for musculoskeletal examination or for identifying vessels and
nerves.

H E M O D Y N A M I C S TAT E A S S E S S M E N T

When managing patients, we broadly determine whether their
cardiovascular parameters fall into normal or abnormal values.
Typically, we will identify a problem when there is a change in
either blood pressure, heart rate, or some evidence of poor tissue
perfusion (such as cold, blue periphery, reduced urine output,
or metabolic acidosis). When using pressure-based monitor-
ing, it is difficult to determine whether the cause of the hemo-
dynamic abnormality is due to volume or ventricular function.
Even with advanced monitoring systems such as the thermodi-
lution pulmonary artery catheter, there is still a large element of
guesswork in determining the underlying hemodynamic abnor-
mality. The problem with pressure-based assessment of myocar-
dial function is that it does not provide an accurate assessment
of ventricular volume. A high pulmonary capillary wedge pres-
sure in the setting of low cardiac output and hypotension could
either be caused by left ventricular systolic failure, right ven-
tricular failure, or left ventricular diastolic failure. Echocardio-
graphy gives us a unique insight because we can directly assess
volume and function, and estimate ventricular filling pressure
and, therefore, estimate ventricular compliance.

The hemodynamic state can be categorized into a num-
ber of broad entities [2]. The following example describes the
problem.

An elderly patient undergoing hip surgery starts with a
blood pressure of 140/90 mmHg, but this falls to 85/50 mmHg
after 10 minutes of anesthesia. His heart rate is unaltered.
Although the blood pressure is temporarily increased by the
administration of a vasopressor, it soon falls to 80/50 mmHg
again. After some time the anesthesiologist is able to insert a cen-
tral venous catheter, and the right atrial pressure is 17 mmHg.
Clearly, there is an abnormal hemodynamic state. The blood
pressure information only tells us that there is abnormality, but
we are unable to determine which of the hemodynamic states is
the cause. The addition of right atrial pressure estimation prob-
ably rules out hypovolemia as the cause, but cannot identify fur-
ther whether there is systolic or diastolic failure, vasodilation,
or right ventricular failure. The anesthesiologist then inserts
a pulmonary artery catheter and determines that the cardiac
index is 1.8 L · min−1 · m−2, and the pulmonary capillary wedge
pressure is 18 mmHg. At this stage, vasodilation is unlikely, but

Table 33.1: Assessment of Ventricular Dimensions –
End-Diastolic Volume

Measurement Hypovolemia Normal Dilated

M-Mode PLAX (TTE)∗ <2.3 cm 2.3–5.4 cm >5.4 cm

TG Mid SAX (TEE)† <8 cm2 8–14 cm2 >14 cm2

∗M-Mode is a one-dimensional estimate of left ventricular volume. It is
measured at the tips of the mitral leaflets during diastole. PLAX is the
parasternal long-axis view and an example is shown in Figure 33.1.
†TG Mid SAX is the transesophageal view used to estimate volume. It is at
the midpapillary level and is identified by a continuum of the papillary
muscle with the pericardium.

we still cannot further differentiate between primary diastolic
failure or systolic failure, or indeed right ventricular failure.
The anesthesiologist remains uncertain as to the cause of prob-
lem, and what the best course of therapy is. Fortunately, his
colleague has just arrived in the operating theater with the TEE
probe.

There are seven basic hemodynamic states, and four basic
steps to work it out.

1. Normal
2. Empty (hypovolemic)
3. Primary diastolic failure
4. Primary systolic failure
5. Systolic and diastolic failure
6. Vasodilation
7. Right ventricular failure

The four steps to determining the basic hemodynamic
assessment:

1. Estimate volume
2. Estimate systolic function
3. Estimate filling pressure
4. Final assessment (putting it all together).

Step 1: Estimate Left Ventricular End-Diastolic
Volume (Preload)

Echocardiography gives us the direct assessment of ventricular
volume. This can be performed using TEE or TTE [3]. Classi-
cally, the transgastric mid-short-axis view is used for repeated
assessment of volume for TEE, and the parasternal long-axis
view is used for TTE examinations. Much of the assessment,
however, is frequently visual and estimates of ventricular size
can be performed from any view where there is adequate imag-
ing. One tip is to set the depth of the image to the same value
at the commencement of all studies, so that relative ventricular
size is easily appreciated. In this step, one only needs to cate-
gorize the ventricle as either hypovolemic (empty), normal, or
dilated. Table 33.1 gives approximate estimates of ventricular
size, though one should be aware that the range of normal val-
ues will vary between populations and will be dependent on
body surface area. See also Figure 33.1.
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Step 2: Estimate Systolic Function

Estimates of ejection fraction can be used to determine systolic
function. For transesophageal echocardiography, the fractional
area change (FAC) derived from the transgastric mid–short axis
view, and fractional shortening (FS) for TTE are used. Volu-
metric methods can also be used to estimate ejection fraction.
Because the end-diastolic volume estimate has already been
measured, the next step is to measure the smallest area (ESA)
or dimension (ESD). The smallest area or dimension occurs
at the end of the T-wave (end-systole). Fractional area change
is calculated using the formula FAC = (EDA – ESA)/EDA,
whereas FS = (LVEDD – LVESD)/LVEDD. Figure 33.2 illus-
trates three grades of systolic function based on the FAC and
FS. Ejection fraction estimates have the same numerical values
as fractional area change.

Categorize systolic function as increased, normal, or
reduced by using Table 33.2 as a guideline.

Step 3: Estimate Left Atrial Pressure

In this step, we aim to simply categorize left atrial pressure into
“high” or “normal.” It is of some additional use to determine
when the left atrial pressure might be “low,” as this can help
to identify a hypovolemic state. Much work has been done on
echocardiographic estimation of left atrial pressure, and while
qualitative assessment is reasonable, quantitative assessment is
poor. This doesn’t really matter too much for basic hemody-
namic state assessment, because we are primarily interested in
identifying whether it is abnormal (high) or normal. The defi-
nition of “high” left atrial pressure state is somewhat arbitrary
and is based on years of experience with invasive pressure mon-

Transesophageal Echocardiogram Transgastric mid short axis view

Empty Normal Dilated

Transthoracic Echocardiogram Parasternal long axis view

Empty Normal Dilated

Figure 33.1. Assessment of ventricular dimension. (Top) Transesophageal echocardiogram, transgastric mid-
short-axis view. (Bottom) Transthoracic echocardiogram, parasternal long-axis view.

Table 33.2: Assessment of Systolic Function: EF/FAC (FS)

Increased Normal Reduced
Measurement (%) (%) (%)

M-Mode PLAX (TTE) FS >44 28–44 <28

TG Mid SAX (TEE) FAC/EF >65 50–65 <50

itoring such as a pulmonary artery catheter. It is probably rea-
sonable, however, to define a “high” left atrial pressure state as
exceeding 15 mmHg.

The following two methods are examples of estimating left
atrial pressure state and are arranged in the order of my personal
preference. Other methods have been described, but they are
beyond the scope of this book.

The Shape and Movement of the Interatrial Septum
The normal direction of the interatrial septum is moving

from left to right for most of the cardiac cycle. During midsys-
tole, however, there is transient reversal so that it bows from
right to left. As the left atrial pressure rises, this directional
change is reduced, and in the elevated left atrial pressure state,
the interatrial septum remains bowed from left to right through-
out the cardiac cycle. These changes are accentuated by venti-
lation such that there is increased movement of the interatrial
septum with ventilation. The transition between normal and
high pressure is quite easily seen when the septum does not
move during inhalation, but is seen to move right to left with
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Transthoracic echocardiogram LV M-mode

Increased Normal Reduced

Transesophageal echocardiogram

Increased Normal Reduced

Figure 33.2. Assessment of systolic function. (Top) Transthoracic echocardiogram, LV M-mode. (Bottom) Transesophageal echocardiogram.

exhalation (if the patient is mechanically ventilated). When the
interatrial septum remains fixed left to right with ventilation,
this is a sign of raised left atrial pressure [1]. When the atrium is
empty, the movement of the interatrial septum is increased such
that there is marked movement in both directions through the
cardiac cycle. The interatrial septum may appear concertinaed
or buckled upon itself, and this shape reflects a low, left atrial
pressure state.

The best analogy to help you conceptualize the movement
is to think of the left atrium as a water-filled balloon. When
the balloon is full of water and pressure is high, the balloon is
circular in shape and if you are to cut a slice across the balloon, it
would appear as a semicircle going outward. This is analogous
to the “fixed curvature” seen in the high left atrial pressure
state. If a little water is let out, a tap on the edge with your
hand would move the wall inwards briefly before it springs out,
which is analogous to the “systolic reversal” seen with normal
left atrial pressure. Finally, if the balloon is relatively empty,
and the walls of the balloon will concertina or shrink down
and appear to overlap and a small tap of the hand will produce
excessive motion, this is analogous to the “systolic buckling”
pattern of the interatrial septum. This is illustrated in the Figure
33.3 (top) for TEE and in Figure 33.3 (bottom) for TTE.

The Systolic Versus Diastolic Components of the
Pulmonary Vein Flow

With normal left atrial pressure, the proportion of flow
in systole exceeds that in diastole. As the left atrial pressure
rises, this proportion changes such that the diastolic proportion
predominates (Figure 33.4).

Step 4: Putting It All Together

The key difference between echocardiography and invasive
pressure monitoring when used to diagnose hemodynamic
state is that echocardiography allows direct assessment of vol-
ume, systolic function, and filling pressure. This combination
of knowledge allows us to estimate preload, ventricular func-
tion, and, importantly, ventricular compliance. Only when we
can estimate compliance and volume together, can we differ-
entiate diastolic heart failure from other hemodynamic states.
Use Table 33.3 as a guide to interpretation. The hardest hemo-
dynamic state to understand is primary diastolic failure. This
is because the left ventricle appears empty, yet appears to have
normal systolic function. This gives the appearance of hypo-
volemia, but the difference between primary diastolic failure
and hypovolemia, is that in hypovolemia the left atrial pressure
is low, whereas in primary diastolic failure, it is high. It is only by
integrating pressure and volume that we can infer compliance.

Table 33.3 is a guide to interpretation, but the process is
quite simple. For example, if preload is normal, function is
normal, and filling pressure is normal, then we have defined
the first hemodynamic state; that is “normal.”

1. Normal hemodynamic state: This is characterized by
normal volume, normal systolic function, and normal
left atrial pressure (LAP).

2. Empty (hypovolemic): This is characterized by reduced
volume, normal or increased systolic function, and low
LAP.

3. Primary diastolic failure: The ventricle will appear
hypovolemic (reduced volume), will have normal
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Figure 33.3. Estimation of left atrial pressure: interatrial septum trend.

systolic function, but high LAP. This hemodynamic
state is very difficult to appreciate because it looks nor-
mal. It is a conceptual leap to believe that the normal-
looking ventricle constitutes heart failure. The key to
identifying the state is to see a normal-looking ventricle
operating at a high filling pressure state.

4. Primary systolic failure: This is characterized by
increased volume (dilated ventricle), reduced systolic
function, and normal LAP. Essentially, the compliance
of this ventricle is normal or increased. It is important
to differentiate between dilated cardiomyopathy that is
associated with normal versus increased filling pressure,
because the hemodynamic performance may be quite
different.

5. Systolic and diastolic failure: In this hemodynamic
state, the volume is increased, the systolic function is
reduced, and the LAP is increased. These patients may

represent the worst end of the heart failure spectrum,
and may be associated with right ventricular failure as
well. The diastolic failure is evident because of the raised
filling pressure.

6. Right ventricular failure: This is characterized by a
dilated right ventricle, with reduced inward excursion,
and elevated LAP state. Although isolated right ventric-
ular failure can occur, it is frequently associated with left
ventricle failure as well. The right ventricle will com-
press the left ventricle causing left ventricular diastolic
dysfunction (and the raised LAP state).

Using the Basic Hemodynamic State to
Influence Management

The premise is that good diagnosis leads to good management.
The treatment of each hemodynamic state can be very different,
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Table 33.3: Ultrasound-Guided Hemodynamic State Assessment

LV Volume N ↓ N/↓ ↑ ↑ N RV↑
LV Systolic function N N/↑ N ↓ ↓ ↑ RV↓
LV filling pressure N ↓ ↑ N ↑ N ↑
Basic state Normal Empty Primary diastolic

failure
Systolic failure Systolic and

diastolic failure
Vasodilation Right Ventricular

failure

LV, left ventricle; RV, right ventricle; N, normal; arrows show increased or decreased.

even though the signs and symptoms presenting to the prac-
titioner may appear the same. Although the management of
systolic failure appears straightforward, the management of
diastolic failure is very different. For example, the use of an
inodilator such as dobutamine or milrinone is reasonably
standard therapy for patients with dilated cardiomyopathy. It
appears logical that increasing systolic function and at the same
time facilitating ejection will improve global myocardial per-
formance. The primary limitation in diastolic heart failure,
however, is that stroke volume is reduced, because of reduced
end-diastolic volume, rather than because of poor systolic func-
tion. The use of an inodilator may reduce preload even further
because of tachycardia (reduced filling time) and increased ejec-
tion fraction. The aim of this section is not to outline detailed
therapeutic options, but rather to highlight that accurate diag-
nosis will lead to logical choice of therapy. The exact choice of
what type of volume to infuse, or which inotrope combination
is best for each condition, is largely a matter of experience and
familiarity. Table 33.4 suggests possible therapeutic approaches
for each hemodynamic state.

The Basics of the FAST Examination

The primary use of the focused abdominal scanning in trauma
(FAST) examination is to identify whether there is a free fluid

within the peritoneum, which could indicate organ rupture
and internal bleeding. It has become an important tool in the
decision-making algorithm during the early management of
trauma. FAST has the advantage of being a rapid and easy scan
to perform, and importantly, a bedside investigation. While its
primary role is to assess abdominal pathology, the user can esti-
mate ventricular filling and function from the subcostal view.

Anatomy

It is important to understand where major organs lie and how
the peritoneum is structured. The abdomen can be arbitrar-
ily divided into four areas (Table 33.5). There are four scan-
ning windows for the FAST examination and these are shown
in Table 33.6. These windows are shown diagrammatically in
Figure 33.5.

C O N D U C T I N G T H E S T U D Y

Use an ultrasound machine with a live two-dimensional mode
(rapid B-mode), transducer frequencies between 3 and 6 MHz,
and a depth of 8–15 cm. Use lots of gel to ensure good
ultrasound probe contact with the abdomen. The scan is
performed with the patient in the supine position. For the

Figure 33.4. Estimation of left atrial pressure: pulmonary vein Doppler.
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Table 33.4: Possible Therapeutic Interventions for
Hemodynamic State Abnormalities

Hemodynamic State Possible Therapeutic Interventions

Normal No need for therapy

Empty Infuse volume

Primary diastolic failure Maintain preload
Control heart rate
Treat concomitant vasodilation

with a vasopressor
Consider low-dose inotropes to

support right ventricular
function

Primary systolic failure Inodilators/inotropes

Systolic and diastolic failure Improved systolic performance at
a reduced preload

Inodilators
Increase heart rate (e.g., pacing if

available)

Vasodilation Vasoconstrictors

Right ventricular failure Inodilators
Treat excessive vasodilation with

vasoconstrictors
Consider pulmonary artery

dilators, e.g., nitric oxide

perihepatic position, the probe is placed in the right mid-to-
posterior axillary line at the level of the eleventh and twelfth
ribs. Identify the hepatorenal space and look for fluid, which
will appear as a black or dark stripe between the liver and kid-
ney. The perisplenic scan is conducted in a similar manner but
on the left-hand side of the patient. Look for fluid between the

Table 33.5: Division of the Abdomen

Division Structures

Intrathoracic The part of the upper abdomen that
lies beneath the rib cage and
contains the diaphragm, liver,
spleen, and stomach

Pelvic Defined by the bony pelvis and
contains the urinary bladder,
urethra, rectum, small intestine (and
in females the ovaries, fallopian
tubes, and uterus)

Retroperitoneal abdomen Contains kidneys, uterus, pancreas,
abdominal aorta, and inferior vena
cava

True abdomen Contains the small and large
intestines, gravid uterus, or
distended bladder

Table 33.6: Scanning Windows for the FAST Examination

Window Structures Identified

Perihepatic Right upper quadrant structures including right
lobe of liver, kidney, and the hepatorenal space

Perisplenic Structures in the left upper quadrant, including
spleen, kidney, and perisplenic area

Pelvis Structures in the pelvis are identified including the
pouch of Douglas (in females) or the retrovesical
pouch (in males)

Pericardial A subcostal view of the heart to identify pericardial
effusions and to observe ventricular filling and
function

spleen and kidney. For the pelvic examination, place the trans-
ducer in the midline just above the symphysis pubis, and angle
it to identify the bladder and look for fluid between the bladder
and the uterus or rectum. The pericardial scan is essentially a
subcostal view of the heart. The probe needs to be firmly placed
beneath the xiphisternum and angled toward the heart. Views
can be made in either the short or long axis. The primary aim
of this view is to identify fluid in the pericardial space; however,
it is a very useful view for identifying left ventricular filling and
function of the heart as an aid to resuscitation during trauma.
Line diagrams and ultrasound images are presented for each of
the four views in Figure 33.6.

Detection of Pneumothorax

Using ultrasound to identify the pneumothorax is remark-
ably simple. It is difficult to appreciate from still images, but
is easy to identify when seen during real-time imaging. The

Figure 33.5. The four scanning windows of the FAST examination –
clockwise from the top: pericardial, perisplenic, pelvic, and perihepatic.
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Figure 33.6. FAST examination, positive scans. (Top to bottom) Perihepatic, perisplenic, pelvic, and pericardial windows.

key is to identify movement of the visceral pleura over the
parietal pleura. The pleura–lung interface is a strong echo
reflector, and so the surface of the lung is seen as a bright
white line moving with respiration (called the “sliding sign”).
It is also common to see white streaks perpendicular to the
line of the pleura which are “comet tail” artifacts. These also
move with respiration. When there is a pneumothorax, these
signs disappear and neutral gray reflections appear beneath
the ribs, which do not move. As the lung is relatively super-
ficial to the chest wall, a variety of probes can be used for this
diagnosis, including high-frequency transducers. Figure 33.7

shows line drawings and still images to illustrate normal versus
pneumothorax.

Detection of Pleural Effusion

The key to identifying a pleural effusion using surface ultra-
sound is to understand that the fluid will collect in the depen-
dent position. For supine patients, this means that the effusions
will collect in the para-aortic gutters and may be difficult to
identify from the lateral or anterior approaches. Conversely, if
the patient is sitting, a black or gray space will easily be seen with
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A

B Figure 33.7. Detection of pneumothorax. (a) Normal: “moving”
comet-tail artifact. (b) Pneumothorax: no comet-tail artifact.

ultrasound placed between the lower ribs posteriorly. The tex-
ture of the fluid will give different echo densities, such that clear
fluid appears almost black, whereas hematoma will be gray and
give an appearance similar to liver. It is not uncommon to see a
clot floating within free fluid. TEE is very sensitive for detecting
pleural effusion, with effusion seen with as little as 100 mL of
fluid. By rotating the probe toward the aorta, the left pleural
space is identified; and by rotating a long way to the right, the
right pleural space can be identified if there is fluid within it.
Effusions have the appearance of a “Tiger claw.” Figure 33.8
shows the left and right pleural effusions using TEE.

Use of TEE in Trauma Anesthesia

Provided that the patient is intubated, and that there are no
contraindications to insertion of the TEE probe, the use of TEE
provides the most reliable and rapid assessment of ventricular
function and filling and can be used throughout the anesthetic
to guide management. Because the images are usually of excel-
lent quality, it is easier to conduct a full diagnostic study to
identify potential damage to the heart or major vessels. The
presence of a pericardial effusion, severe valvular dysfunction
(especially tricuspid valve regurgitation), or evidence of major
vessel disruption are diagnoses that are often detected during
intraoperative echocardiography, rather than prior to the onset

of surgery. A dilated and poorly contracting right heart may
be indicative of myocardial contusion, or alternatively, could
be caused by a pulmonary embolism such as fat emboli from
long-bone fractures. A particularly difficult diagnosis is that
of aortic transection. The most common place for transection
to occur is just below the left subclavian artery. The key to
diagnosis is to understand that imaging of the descending tho-
racic aorta is normally excellent, but when disrupted and sur-
rounded by hematoma, there is echocardiography “dropout”
leading to poor imaging. Furthermore, the aorta decreases in
size as it travels distally. If the aortic diameter increases in size
from the arch to the descending aorta, then suspect transec-
tion. Finally, severe aortic atheroma is very uncommon in peo-
ple younger than 50 years of age. Disruption to the intima can
appear like severe aortic atheroma and, in the setting of a young
person with a deceleration injury, this points to aortic transec-
tion. Also look for associated features such as pleural effusion
that could indicate hemothorax. Figure 33.9 shows the normal
descending thoracic aorta and an example of transection.

Blunt Injury to the Abdominal Aorta

Although the classic mechanism for thoracic aortic disruption
is a deceleration injury, blunt trauma can injure the major ves-
sels as well. Acute rupture is associated with high immediate
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Figure 33.8. Detection of pleural effusion. (a) Transesophageal echocardiogram of left pleural effusion. Desc Ao, descending aorta. (b) Transesophageal
echocardiogram of right pleural effusion.

mortality, and survival depends on incomplete rupture or con-
tainment of hematoma in the retroperitoneal space. The prin-
ciples of ultrasound diagnosis are similar for the abdominal as
for thoracic aorta. First, in the young patient the aorta should
be 2 cm or less in diameter, and diminished in size as it courses
more distally. The intima should be free of thickening (it is
uncommon to have severe atheroma in young people), and there
should not be a large space evident between the aorta and the
posterior vertebral body. If there is significant hematoma, then
the aorta will be poorly visualized due to attenuation of the
ultrasound signal; this serves as an indirect clue that there may
be pathology. It is not possible to see the abdominal aorta
with transesophageal echocardiography, and the image quality
is variable with TEE because it is a posteriorly located struc-
ture. In older patients, there may be preexisting pathology such
as aortic aneurysm or significant atheroma. It is important to
consider the mechanism of injury when deciding whether the
aortic pathology is acute or chronic.

Myocardial Contusion and Blunt Cardiac Injury

Blunt cardiac injury may occur from a direct force or secondary
to deceleration injury when the chest wall comes in contact with

the steering wheel or seat belt. Because the right ventricle lies
immediately beneath the sternum, it is the ventricle most likely
to show evidence of contusion. Valve rupture can also occur with
blunt injury, with the tricuspid valve being most commonly
affected. The echocardiographic features of contusion are those
of acute segmental dysfunction and possibly ventricular dilata-
tion (Figure 33.10). It is important to consider the mech-
anism of injury and the patient’s premorbid health to bet-
ter gauge whether these findings are acute or chronic. Right
ventricular dilatation can occur from wall contusion and dys-
function, or from severe tricuspid valve regurgitation follow-
ing rupture. Other valves can be affected. These patients may
require inotrope or other circulatory support until the myocar-
dial dysfunction resolves. Valve rupture usually requires correc-
tive surgery.

Pericardial Tamponade

In the trauma setting, pericardial tamponade is suggestive of
ascending aortic rupture with blood escaping into the pericar-
dial sack, or blunt or penetrating myocardial injury. It should be
detected as part of the FAST scan, but may be initially detected
during hemodynamic assessment using either TTE or TEE. For
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Poor imaging due to 
hematoma

Intimal flap

Figure 33.9. Detection of aortic transection. (a) Normal descending aorta in short axis. (b) Transected descending aorta in short axis.

TOE, the transgastric views are best, and for TTE, the subcostal
view is the first view to use to look for pericardial tampon-
ade. You must decide two things: first, is the effusion causing
compression of the heart? and second, is the compression lead-
ing to hemodynamic compromise? This should fit in with the
clinical scenario and signs of a raised jugular venous pressure,
hypotension, and evidence of poor tissue perfusion. Because
pericardial tamponade is physiologically “severe acute dias-
tolic dysfunction,” there may be a prominent pulses paradoxus,
or marked respiratory variation in the arterial blood pressure
waveform.

Because the right atrium and right ventricle are thin walled,
they are the chambers most commonly affected, leading to dia-
stolic collapse. In the Figure 33.11, the ventricle is seen as a
small structure within a “sea of black,” which is the effusion.
This sort of picture demonstrates physical compression of the
heart leading to tamponade.

Effusions are graded according to size (small, <0.5 cm;
moderate, 0.5–2.0 cm; and large, >2.0 cm). In the supine
patient, small effusions tend to be localized behind the pos-
terior LV wall, expanding laterally, apically, and anteriorly as
the effusion increases. Large effusions are often circumferen-
tial. Size alone, however, does not dictate whether the effusion
will cause compression or not.

In the trauma setting, a two-dimensional appearance of a
large effusion is enough to give you the diagnosis, but analysis
of the tricuspid or mitral inflow Doppler can then be used to
help quantify tamponade. If the respiratory variation in peak
tricuspid inflow velocity exceeds 40 percent, or the mitral inflow
exceeds 25 percent, then this is highly suggestive of tamponade
as shown in Figure 33.12.

Some cautionary tips: tamponade occurs when the heart is
physically compressed. Though this classically occurs as a result
of blood in the pericardium, it can occur from a large pleural
effusion, and also from lung inflation from gas trapping. In the
setting of hypovolemia, the effect will be pronounced. Finally,
if blood in the pericardial has clotted, then it can have the same
appearance as liver and maybe misdiagnosed as such.

G E T T I N G S TA R T E D I N U LT R A S O U N D

The two major hurdles for anesthesia and ultrasound are educa-
tion and the availability of equipment. Ultrasound equipment
is becoming smaller, more portable, and importantly more
affordable with a range of ultrasound machines now available.
These can start with surface ultrasound scanning machines all
the way to comprehensive echocardiography and general imag-
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Figure 33.10. Transesophageal echocardiogram: Dilated right ventricle (RV) with reduced systolic function and “D-shaped”/septal flattening (arrows)
consistent with myocardial contusion. LV, left ventricle.

ing platforms. Laptop-sized machines are available that have the
capability of full transthoracic, transesophageal, and abdominal
imaging. The cost of these ultrasound machines has decreased
considerably, increasing the availability of ultrasound to more
practitioners.

Figure 33.11. Transesophageal echocardiogram image showing a peri-
cardial effusion causing tamponade.

For many anesthesiologists, embarking on ultrasound
means learning a new skill set and knowledge base. Simple
surface ultrasound techniques and ultrasound-guided proce-
dures require minimal instruction and limited practice prior to
using it in clinical practice [4]. Short hands-on workshops are
an ideal way to get started, especially for ultrasound guided
procedures or limited transthoracic echocardiography stud-
ies such as HEARTscan (Haemodynamic Echocardiogra-
phy Assessment in Real Time – see www.heartweb.com.au).
Diagnostic echocardiography, however, requires considerably
greater knowledge and practice to achieve a level of confi-
dence that important diagnoses will not be missed. Either TTE
or TEE can be used for hemodynamic state assessment with
relatively little training, but to move on and assess pathol-
ogy, valve function, or aortic conditions requires a much
greater knowledge base. Traditionally, fellowships in echocar-
diography have been the method to gain such knowledge
and experience, but this is very restrictive for people who
are already qualified and in established practice. Distance
education providers can satisfy the knowledge-based require-
ments with a shorter period than required to acquire hands-
on skills. An example of a distance education program is
the Postgraduate Diploma of Perioperative and Critical Care
Echocardiography conducted through the University of Mel-
bourne (www.heartweb.com.au). In the author’s experience,
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Figure 33.12. Transesophageal echocardiogram mitral inflow pulse-
wave Doppler. (Top) transmitral inflow. (Bottom) Tricuspid inflow show-
ing respiratory variation is consistent with tamponade.

acquiring the manual skills is relatively simple, and the real hur-
dle to becoming an advanced practitioner in echocardiography
is acquiring the knowledge base.
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M U LT I P L E C H O I C E Q U E S T I O N S

1. Assessing the abdominal aorta

a. Can accurately detect a ruptured abdominal aortic
aneurysm

b. Can accurately assess the size of the aneurysm
c. Can accurately detect the presence of a retroperitoneal

hematoma
d. Can always assess all parts of the abdominal aorta

2. When assessing the size of a pneumothorax using ultra-
sound

a. The size can be quantified in percentage terms as for an
x-ray.

b. The pneumothorax will not normally be present anteri-
orly in a supine patient.

c. The presence of a pneumothorax can be distinguished
based on the absence of both the movement at the pleural
surface and of the “comet tail” artifacts.

d. A pneumothorax can be reliably determined in patients
with bullae from chronic airways disease.

3. An elderly patient is involved in a motor vehicle accident.
After induction of anesthesia, the blood pressure is 80/40
mmHg. A central venous catheter is inserted and the right
atrial pressure is 5 mmHg. TOE examination reveals systolic
buckling of the interatrial septum, LVEDA 6, and LVESA of
1 cm2. The basic hemodynamic state is:

a. Hypovolemia
b. Primary diastolic failure
c. Normal
d. Right ventricular failure

4. Which one of the following choices is consistent with pri-
mary diastolic failure?

a. LVEDA = 6.5 cm2

b. LVESA = 13 cm2

c. Pulmonary vein systolic/diastolic VTI ratio of 1.2
d. LVEDA = 12 cm2 and LVESA 4 cm2

5. A patient with a recent myocardial infarct presents for
surgery. He has a long history of severe asthma. He is
breathless and hypotensive. A transthoracic echocardio-
graph is ordered prior to anesthesia. The left ventricular
end-diastolic dimension is 3.2 cm, and there are no left
ventricular wall motion abnormalities. The pulmonary vein
Doppler shows diastolic flow predominance. The right ven-
tricle is dilated with poor systolic function. The most likely
hemodynamic state is:

a. Primary systolic failure
b. Systolic and diastolic failure
c. Right ventricular failure
d. Normal

6. FAST can be technically difficult in:

a. Obese patients
b. Subcutaneous emphysema
c. Uncooperative patients
d. All of the above

7. Which statement is correct? Ejection fraction (EF) calcu-
lated from M-mode measurements:

a. Gives an accurate assessment of global ventricular con-
traction

b. Identifies regional wall motion abnormalities
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c. Provides an assessment based on the contraction in a
single plane

d. Is only accurate in the setting of normal systolic contrac-
tion

8. Overall ventricular systolic contraction is best evaluated by:

a. M-mode echocardiography
b. Two-dimensional imaging in all cardiac imaging

views
c. Two-dimensional imaging of the parasternal views
d. Pulsed-wave Doppler assessment of left ventricular out-

flow tract VTI

9. In the FAST examination, four sonographic views are used
because:

a. Sensitivity is maximized.
b. Specificity is maximized.
c. Speed of the examination is maximized.
d. It is a compromise between speed and sensitivity of the

examination.

10. In the hepatorenal window of FAST:

a. The liver is normally not seen.
b. The kidney is surrounded by an echogenic fascia.

c. Free fluid is brightly echogenic.
d. The liver has the same echodensity as fluid.

A N S W E R S

1. b
2. c
3. a
4. a

5. c
6. d
7. c

8. b
9. d

10. b
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P H A R M A C O L O G I C M A N A G E M E N T O F A C U T E

PA I N I N T R AU M A

Shalini Dhir, Veerabadran Velayutham, and Sugantha Ganapathy

Objectives
1. Evaluate pain management modalities in the acutely injured patient.
2. Review the pharmacology of acetaminophen (paracetamol), nonsteroidal anti-inflammatory

drugs, opioids, tramadol, local anesthetics, and ketamine in trauma patients.
3. Discuss the role of antidepressants, anticonvulsants, benzodiazepines, alpha 2 agonists, and

entonox for acute pain in trauma.
4. Discuss the role of multimodal analgesia for trauma patients.

I N T R O D U C T I O N

The widely accepted definition of pain was developed by a tax-
onomy task force of the International Association for the Study
of Pain: “Pain is an unpleasant sensory and emotional experi-
ence that is associated with actual or potential tissue damage or
described in such terms” [1]. Managing pain can be challeng-
ing in most scenarios and providing adequate pain relief forms
a vital part in the initial management of trauma. Inadequate
analgesia in acute situations can have deleterious effects on the
immune system, healing process, and autonomic activity and
can lead to the development of a chronic pain state (see Chap-
ter 35).

PAT H O P H Y S I O L O G Y O F S T R E S S R E S P O N S E
T O I N J U RY A N D PA I N

Pain is a protective response. This reflex response has an
effect on multiple systems in the body. These include exagger-
ated stress response, sleep deprivation, altered glucose home-
ostasis, increased sympathetic nervous system activation, and
altered gastrointestinal, renal, and endocrine function. The
stress response produced has effects on various organ systems
additionally such as cardiovascular, immune, endocrine, and
respiratory systems. Thus, the stress response to injury is a
complex hormonal and neurologic phenomenon. In a trauma
patient, the consequences of this response are multifactorial.
There is usually a rise in catecholamines, growth hormone,
cortisol, renin, antidiuretic hormone, enkephalins, and endor-

phins resulting in tachycardia, hypertension, decreased renal
and splanchnic blood flow, and decreased glomerular filtration
rate among others. A predominant catabolic response results in
alteration in glucose homeostasis leading to hyperglycemia and
decreased glucose turnover. There is also increased endogenous
glucose production. It is difficult to separate the role of trauma
in stress response from that caused by pain, but providing anal-
gesia has been documented to blunt the endocrine response
to pain, that is, adrenocorticotrophic hormone, antidiuretic
hormone, and enkephalins. The aim of pain management in
trauma is to reduce the stress response as much as possible
and to provide the patient with pain relief while maintaining
cardiovascular stability and tissue homeostasis.

PA I N M A N AG E M E N T I N T R AU M A

Safe and balanced analgesia is one of the corner stones in trauma
management. Pain management in trauma can be complex and
has to be tackled by using a multimodal approach.

Pain scoring is very important in the trauma setting. The
key to effective pain management is thorough and appropriate
assessment. Caregivers often underestimate the pain level expe-
rienced by patients, resulting in under treatment of pain. Assess-
ment of pain using the visual analogue scale (VAS) or verbal
reporting score can be very unreliable because it requires patient
cooperation. Further, ratings are known to be different between
the patients, nurses, and doctors. Although assessment of pain
scores has been inadequate in many circumstances, a 2004
study showed that proper assessment of pain scores improves

5 2 8
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analgesia administration in acute trauma [2]. Though these
assessment tools are routinely used, they may often be ineffec-
tive for caregivers to recognize discomfort and pain. Patients
might be intubated, paralyzed, and/or unable to communicate,
adding a level of complexity to pain management.

Kelly has shown that a nurse-managed intravenous (IV)
narcotic policy induces a remarkable improvement in pain
management in the emergency department [3]. Usage of phar-
macologic and nonpharmacologic interventions has proven to
be effective in various stages of pain management in trauma.
The key is to treat the pain as early and as adequately as possible
to avoid the formation of a chronic pain state and development
of posttraumatic stress disorder.

The American Geriatric Society has published guidelines
for the management of pain in older persons. They reiterate
the importance of subjective reports: “The most accurate and
reliable evidence of the existence of pain and its intensity is
the patient’s report” [4]. Elderly patients, like other adults,
require aggressive pain assessment and management. (see
Chapter 25)

In children, additional factors may modify assessment of
pain, a major factor being psychologic response to acute trauma
and repeated interventions. (see Chapter 24) Trauma often
results in separation of children from parents, accentuating the
difficulty in evaluating and treating pain.

Many trauma victims will be precluded from any oral
intake in anticipation of potential surgery, thus ruling out
any oral medications. Parenteral access may be difficult in
a vasoconstricted patient. By far the most common reasons
for inadequate management of pain are the fear of masking
signs and symptoms of organ injury and altering circulatory
stability.

P H A R M AC O L O G I C M E A S U R E S : A N A L G E S I C
D RU G S ( TA B L E 3 4 . 1 )

Acetaminophen (Paracetamol)

Acetaminophen and its metabolic predecessor, phenacetin,
exert their analgesic effects via the inhibition of cyclooxyge-
nase (COX), the rate-limiting enzyme in prostaglandin synthe-
sis. Acetaminophen is one of the world’s most popular anal-
gesic/antipyretic drugs. Despite its long use and popularity,
acetaminophen lacks a clear mechansim of action.

Flower and Vane showed that acetaminophen inhibited
COX activity in dog brain [5]. Though two isoenzymes of COX
are known, neither isoenzyme is sensitive to acetaminophen
at therapeutic concentrations. It has been proposed that addi-
tional distinct COX-3 forms exist that are selectively inhib-
ited by acetaminophen [6]. It has also been suggested that
acetaminophen may block activity of COX-2 by reducing the
active oxidized form of enzyme to an inactive form [7]. A third
mechanism has also been proposed. Experimental data sug-
gest that paracetamol antinociception involves central nervous
system (CNS) opioid networks [8]. This is associated with a
decrease of dynorphin levels in the frontal cortex that is pre-
vented by κ-receptor antagonists [9] and that analgesic activity
of acetaminophen may partially depend on dynorphin release
[10]. The recent discovery that paracetamol acts as a prodrug
(a donor of a moiety of an endogenous cannabinomimetic) by
triggering the cannabinoid-1 (CB-1) receptor-mediated effects

of the cannabinoid system may provide some explanation for
the peculiar effects of this drug [11].

The main advantage of acetaminophen is a relatively safe
profile compared with other anti-inflammatory drugs. Because
of its nonacidic chemistry and lower affinity with plasma pro-
teins, it has minimal unwanted effects and does not accumu-
late in the gastrointestinal, renal, and hemopoietic systems
in therapeutic doses. It can be administered in enteral and,
recently, in parenteral forms. The parenteral form is a prodrug
of acetaminophen. Due to its profile, it can be used in pediatric
and adult populations without much concern, although dosing
needs to be adjusted according to weight to have reliable efficacy.
In all, it is a very useful adjuvant in acute pain management.

Paracetamol has been shown to be effective in the treat-
ment of moderate pain associated with minor surgical proce-
dures. A recent meta-analysis [12] concluded that single-dose
oral paracetamol is effective for the treatment of moderate to
severe acute postoperative pain and thus may be efficacious
in minor trauma. Paracetamol must be considered as a safe
alternative to nonsteroidal anti-inflammatory drugs (NSAIDs)
for the relief of mild to moderate pain in elderly patients and in
patients with kidney disease, hypertension, and congestive heart
failure.

IV administration is the route of choice when oral admin-
istration is not possible or when rapid analgesia is required
after surgery. IV preparations (propacetamol) are available in
many countries now. IV propacetamol, given in a 15-min infu-
sion is a fast-acting analgesic agent and is more effective in
terms of onset of analgesia than oral preparations [13]. The
recommended dose of IV paracetamol injection is 1 g, though
pharmacokinetic and pharmacodynamic findings suggest that
better analgesia could be obtained with a 2-g starting dose
[14].

Acetaminophen is important as an adjuvant to opioid anal-
gesia as it decreases total opioid consumption and adverse
effects of opioids in surgical and trauma intensive care [15].

It is worth remembering that acetaminophen has a ceiling
effect at the oral dose of 1 g/dose [16] and possibly at an IV
dose of 5 mg/kg [17], as further dose increases do not pro-
duce increases in analgesic activity. However, physicians must
be aware of paracetamol as a possible etiologic agent for hepato-
toxicity, because there have been a few case reports of
acetaminophen toxicity at therapeutic doses [18]. It is rec-
ommended that the total daily doses be reduced to 2 g in
malnourished patients, especially following a recent period
of fasting, even in the absence of a history of chronic alco-
hol intake or exposure to other cytochrome P-450-inducing
drugs.

Parcetamol has the disadvantage of requiring four doses/day
to maintain therapeutic serum levels. The recent introduction
of sustained-release (SR) paracetamol has reduced this require-
ment to three doses per day [19].

Rectal suppositories of acetaminophen are available. How-
ever, there is wide variation in the bioavailability following rectal
administration. Studies have demonstrated the need for higher
loading doses (40 mg/kg) to achieve target plasma concentra-
tions of 10 mg/L after rectal administration. Rectal administra-
tion of drugs is contraindicated in neutropenic patients (risk of
sepsis) and in those with ulcerative or acute inflammatory con-
ditions of the rectum or anus. Despite erratic bioavailability, the
rectal route is particularly attractive for use in children who may
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Table 34.1: Pharmacologic Modalities for Acute Pain Management in Trauma

Type of Drug Mechanism of Action Routes Drugs Specific Advantages Disadvantages

Opioids Action on opioid receptors
(µ, κ , δ)
Agonist
Antagonist
Partial agonist
Mixed agonist/antagonist

PO, SC, IV, IM, IT,
IA, buccal, inhaled,
nasal, rectal,
transmucosal,
transdermal, locally
into wound

Morphine
Demerol
Codeine
Fentanyl
Hydromorphone
Oxycodone
Methadone
Pentazocine
Buprenorphine

Multiple routes
Ease of administration
Profound analgesia

Depends on route
Respiratory depression

Ileus
Itching
Hypotension
Dependence/

withdrawal

Acetaminophen
(Paracetamol)

Lacks clear mechanism
COX inhibition in CNS+

endothelial cells
COX-3 inhibition activates

CB1 cannabinoid receptor

PO, rectal
suppository, liquid
suspension, IV∗, IM

Marketed as generic or
as Panadol, Tylenol,
Anacin-3, Tempra,
Datril, and others

Multiple routes
Relatively safe profile
Ease of administration
May be formulated with

opioids (oxycodone,
hydrocodone) or
propoxyphene (Darvocet)

Antipyretic

IV form not available
in USA

Ceiling effect
Hepatotoxicity at high

doses

NSAIDs COX inhibition
LOX/COX inhibition

PO, IA, IV, IM, IA,
transdermal,
intranasal, rectal

Ketorolac
Diclofenac
Ibuprofen
Acetaminophen
Coxibs

Powerful first-line analgesics
Prevent central sensitization
Preemptive analgesia
Opioid sparing

↓Bone fusion, healing
Gastric ulceration
Renal, platelet

dysfunction

Phencyclidine
derivatives

NMDA receptor inhibition IV, IT, IM, rectal Ketamine Amnesia
Intense analgesia
Hemodynamic stability

Secretions
Agitation
↑ ICP/IOP
Hallucinations

Mixed Weak µ agonist
Inhibition of 5HT and

norepi reuptake
5HT release

PO, IV∗, IA∗,
epidural∗

Tramadol Low abuse potential Interaction with
anticoagulants/
antiepileptics

Local anesthetics Block of neuronal sodium
channel

IT, epidural, PNB,
IV, S/C, IA, topical

Lidocaine
Bupivacaine
Ropivacain
Prilocaine

Short/long acting Systemic toxicity
Methemoglobinemia

Tricyclic
antidepressants

Inhibition of neuronal
reuptake of serotonin,
norepi, histamine, NMDA,
and cholinergic receptors,

PO Imiprimine
Doxepin
Desipramine
Amitriptyline
Nortriptyline

Neuropathic pain
Opioid sparing
Control of anxiety/stress
Antidepressant

Delayed onset of action
Ileus
Agitation
Hypertension
Arrhythmia

Anticonvulsants Hyperpolarization
↓ neuronal firing
Release of substance P,

norepi, glutamate

PO Gabapentin
Pregabalin

Neuropathic pain
Opioid sparing
Preemptive analgesia
Synergy with COX-2

Sedation
Dizziness
Confusion
Ataxia

α2 agonists ↑ activation of inhibitory
pathways

↓ release of substance P

PO, IV∗, IT∗, IM∗,
transdermal

Clonidine
Dexmedetomidine

Synergy with opiates
Sedation

Hypotension
Bradycardia
Hyperglycemia

Benzodiazepines ↑ GABA receptor activity
↑ chloride ion conduction
Inhibition of action

potential

PO, IV, IM, IT,
rectal, buccal, nasal,
inhaled

Diazepam
Midazolam
Lorezepam

Opioid sparing
Sedation
Anxiolysis
Multiple routes

Respiratory depression

Entonox Unclear Inhaled 50:50 mixture of N2O
and O2

Conscious sedation
Anxiolysis
Quick acting

Regurgitation
Nausea
Excitability
Special equipment
Closed-head injury
Pneumothorax

PO, oral; SC, subcutaneous; IV, intravenous; IM, intramuscular; IT, intrathecal; IA, intraarticular; PNB, peripheral nerve block; NSAIDS, nonsteroidal
anti-inflammatory drugs; NOREPI, norepinephrine; COX, cyclooxygenase; LOX, lipooxygenase; GABA, gamma aminobutyric acid; NMDA,
N-methyl-d-aspartame; 5 HT, 5-hydroxytryptamine; ICP, intracranial pressure; IOP, intraocular pressure; N2O, nitrous oxide; O2, oxygen.
∗Not available in all countries.

5 3 0
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be uncooperative, have poor venous access, have delayed/erratic
gastric emptying, or can take nothing by mouth (NPO) follow-
ing trauma.

Cormack et al. have shown that a single rectal dose of parac-
etamol (40 mg/kg) in children with liver disease is probably a
safe and satisfactory analgesic alternative [20]. Despite a low
incidence of adverse effects, paracetamol has potential for hep-
atotoxicity and is thought to be responsible for at least 42 percent
of acute liver failure cases at tertiary care centers and one third
of the deaths in the United States [21].

Nitroxyparacetamol (nitroacetaminophen) is a new nitric
oxide-releasing version of paracetamol with analgesic and anti-
inflammatory properties, though the exact molecular mecha-
nism of these actions is not clear [22]. Animal models suggest
reduced liver damage in overdose situations, and nitroparaceta-
mol may be a safer alternative to paracetamol. It is also known
to suppress synthesis of several proinflammatory cytokines and
may, in fact, be a useful therapy in paracetamol-induced liver
damage [23].

N O N S T E R O I DA L A N T I - I N F L A M M AT O RY
D RU G S ( N S A I D s)

Nonselective NSAIDs are powerful inhibitors of COX and a
first-line treatment for many painful conditions. They act by
inhibiting prostaglandin synthesis at peripheral sites predom-
inantly and also in the CNS (Figure 34.1). There are several
categories of COX enzymes. Some are involved in physiologic
functions of body while others are expressed on initiation of
injury. Drugs that inhibit this class of enzymes play an impor-
tant role in pain management. They are effective in moderate
to severe pain. The main disadvantage of COX inhibitors is the

Cell membrane phospholipids

AA
NSAIDs (-)

Arachidonic acid

PGG2

PGH2 COX-2 inhibitors (-)
NSAIDs (-)

Tissue-specific synthetases

TXA2 PGF2α

PGI2 PGD2

PGE2

COX 2

COX 1 • Proinflammatory cytokines
• Growth factors

PLA2

PLC

Anti-inflammatory steroids (-)

Figure 34.1. NSAIDs, nonsteroidal anti-inflammatory drugs; COX, cyclooxygenase; PLA2, phospholipase A2;
PG, prostaglandin; TXA2, thromboxane A2.

effects on gastrointestinal (GI), renal, and platelet function due
to their acidic nature and also high binding to plasma proteins.
They also inhibit wound healing and bone fusion, thereby lim-
iting their use.

COX-2-selective inhibitors (coxibs) offer the peripheral
pain-relieving benefits of nonselective NSAIDs but with fewer
adverse GI effects [24]. It has been suggested that they may ame-
liorate postoperative pain by preventing the development of
central sensitization [25]. In addition to their selectivity for the
COX-2 isoenzyme overall, unique differences among the coxibs,
such as plasma half-life, may impart certain clinical advantages
[26].

Samad and colleagues [27] have demonstrated significant
up-regulation of COX-2 in CNS parenchyma in response to
acute peripheral inflammatory pain. Increased synthesis of
prostaglandins is known to increase neuronal excitability and
may play a role in CNS remodeling.

Rofecoxib, lumaricoxib and celecoxib are all COX-2 selec-
tive inhibitors that have been investigated. In humans, plasma
rofecoxib enters the cerebrospinal fluid with a cerebrospinal
fluid/plasma concentration ratio of approximately 15 percent
[28]. This finding suggests that rofecoxib is able to pene-
trate and possibly reduce CNS responses to locally synthsized
prostaglandin E2 (PGE2). Unfortunately, this drug has been
withdrawn from the market. The currently clinically available
lumaricoxib appears to exhibit a gastrointestinal safety profile
superior to nonselective NSAIDs [29].

Coxibs may be synergistic with acetaminophen in provid-
ing pain relief. The effects of rofecoxib and celecoxib alone
and in combination with acetaminophen were compared and
it was found that rofecoxib and celecoxib in combination with
acetaminophen produced a significant reduction in fentanyl use
and a significant improvement in patient satisfaction [26].
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Reduction of Algesic Flare

Partly because of the specific action of COX-2 on PGE2, COX-
2-selective inhibitors can be used immediately prior to surgery,
as well as postoperatively, thereby preventing algesic flare and
resulting central sensitization [29]. Ideally, these drugs have
been documented to provide better analgesia when given pre-
emptively. Unfortunately, in the trauma situation one may not
be able to derive benefit from their preemptive effects.

Although they provide excellent adjuvant analgesia with
multimodal technique, in the trauma situation and associated
stress, one has to keep in mind the combined effect of stress and
NSAIDs on gastric mucosa. Trauma is often associated with
hemodynamic distrubances and/or sepsis, which may play a
causal role in acute renal failure as well as stress ulcers. NSAIDs
have to be administered taking these factors into consideration.
Higher rates of myocardial infarction with prolonged NSAID
or COX-2 use have been suggested in some studies, although
data are presently conflicting [30].

In their analysis of 114 randomized trials, Zhang et al.
showed that rofecoxib increased risk of renal events and arrhy-
thmia, though the exact mechanisms remain uncertain [31].

Because prostaglandins and leukotrienes are critical in
inflammation, dual cyclooxygenase and 5-lipoxygenase enzyme
inhibitors are being developed by pharmaceutical companies.
Experimental data with licofelone (LOX/COX) inhibitor indi-
cate that it shares the antipyretic, analgesic, anti-inflammatory,
and antiplatelet activities of conventional NSAIDs and also
exhibits antiallergic properties. In animal studies, it appears
to induce less gastrointestinal damage. The safety of this drug
remains to be proved in humans [32]. It has been shown to
provide analgesic efficacy similar to celecoxib but with fewer
gastrointestinal side effects [26].

Protective strategies concern coprescription of gastropro-
tective drug such as misoprostol or a proton pump inhibitor
with NSAIDs. Addition of a proton pump inhibitor to cele-
coxib confers extra protection for patients aged 75 years or older
[33]. Prophylaxis with proton pump inhibitors has been recom-
mended in patients receiving long-term treatment with COX-2
inhibitors and who are at high ulcer-bleeding risk [34]. Nor-
mal doses of H2 antagonists do not effectively prevent NSAID-
induced gastric ulceration and, in fact, may mask warning
symptoms [35].

Ketorolac is available for parenteral use and provides
opioid-sparing effects [36]. It has an advantage in patients for
whom the oral route is not available/feasible. Use of parenteral
ketorolac should be restricted to no more than 5 days in adults
with severe postsurgical pain [37]. Ketorolac tromethamine-
loaded albumin microspheres for potential once-a-day intra-
muscular administration [38], ketorolac transdermal systems
[39], and intranasal preparations [40] are under formulation
and evaluation.

In a recent study, the newly developed Diclofenac patch was
found to be effective and safe for the treatment of blunt impact
injuries [41].

Role of Coxibs in Bone and Wound Healing

Concerns about the use of coxibs and their effects on bone
and wound healing have been raised. Most of these concerns
were based on studies on nonselective NSAIDs in animal mod-

els [42]. Reuben and Connelly compared rofecoxib and cele-
coxib with placebo to determine their postoperative effects on
patient-controlled analgesia (PCA) morphine and pain scores
when given prior to spinal fusion surgery. They found no differ-
ence in fusion rates among the rofecoxib, celecoxib, and placebo
arms of the trial [43]. A variety of experimental models of bone,
ligament, and tendon repair have assessed the effects for selec-
tive and nonselective COX inhibitors in animals with variable
intra- and interspecies outcomes, which limits extrapolation
of animal data to humans [44]. It has been demonstrated in
rat models that NSAIDs (both traditional and COX-2-specific)
following rotator cuff repair significantly inhibits bone to ten-
don healing [45]. However, these results need to be verified in
larger animal as well as human models before drawing firm
conclusions.

O P I O I D S

Opioids have been the cornerstone of acute pain management
for centuries. They are the first line of drugs used for analgesia
in a trauma situation.

Their potent analgesic effects are due to action on the opioid
receptors. Opioid receptors are ubiquitous. There is increased
expression at the peripheral site after injury [46]. They are
present in different locations in the central nervous system, vas
deferens, spinal cord, gastrointstinal tract, lungs, and synovium.
There are central and peripheral opioid receptors, although the
effects of peripheral receptors are still not entirely clear. The
opioids are thought to act in a variety of ways ranging from
membrane hyperpolarization to voltage-gated ion channels to
G protein-mediated suppression of adenyl-cyclase. These recep-
tors are classfied as mu (µ), kappa (κ), delta (δ), and epsilon
(ε) depending on the agonists associated with these receptors.
The most common receptors are µ and κ . These receptors are
also associated with some of the undesirable side effects such
as nausea, vomiting, sedation, and respiratory depression. Opi-
ates have also been classifed as pure, partial agonists and partial
antagonists, depending on the affinity to these receptors result-
ing in differing side effects profiles.

In general, opioids are thought to reduce the affective
response to nociception. They also alter the psychical response
to pain. Patients may still feel some pain but they report being
comfortable.

Opioids significantly decrease pain scores, especially in tho-
racic injuries, though at the expense of a few significant side
effects [47]. Carefully titrated systemic opioids continue to
be the most commonly applied pain management treatment
either by fixed dosing or patient controlled analgesia (PCA)
techniques [48]. Neuraxial opioids, especially epidural opioids,
offer a relatively safe method of providing good analgesia as
shown in studies of postoperative pain management of tho-
racic injuries [49]. Neuraxial opiates provide superb analgesia
at a much smaller dose. Thus, opioids remain the mainstay of
analgesia in trauma. However, there have been changes in how
they are currently utilized, prescribed, and administered.

Opioids can be adminstered via several routes, making them
versatile with clinical application. The traditional well-known
routes of administration include oral, subcutaneous, intramus-
cular, intravenous, intrathecal, and epidural, while nasal [50],
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transmucosal [51], buccal [52], transdermal [53], inhaled [54],
intraarticular [55], as well as local injection into the wound [56]
are alternate routes that are being investigated.

Transmucosal route has the advantage of avoiding first-pass
metabolism, thus resulting in a quicker onset.

Slow-release preparations are particularly useful in manag-
ing pain for an extended period following trauma.

Fulda et al. studied nebulized morphine and found that it
could be used safely and effectivley to control posttraumatic
thoracic pain and it provided equivalent pain relief with less
sedative effects when compared with IV morphine [57]. Inhala-
tion of aerosolized liposome-encapsulated fentanyl is being
investigated and shows promising results [58].

Patient-controlled transdermal system (IONSYS, Ortho-
McNeil Pharmaceutical, Inc., Raritan, NJ) with fentanyl uses
an imperceptible low-intensity direct current to transfer fen-
tanyl on demand across the skin into the systemic circulation. It
can be applied to the patient’s upper arm/chest and is designed
to manage moderate to severe pain requiring opioid analge-
sia (Figure 34.2) [59]. While fentanyl patches are effective for
long-term pain relief, their role in acute management is limited
because it takes 24 hours to achieve full effect.

Wound infiltration with morphine can reduce the incidence
of both immediate and chronic pain following surgery. Periph-
eral morphine administration can inhibit the release of proin-
flammatory neuropeptides in peripheral tissues [60]. Reuben
et al. showed that it is associated with lower pain scores,
decreased 24-hour morphine use, and a lower incidence of
donor site pain at the iliac crest bone graft harvest site one
year after spinal fusion surgery [61]. All three (µ, δ, κ) opioid
receptors have been demonstrated in peripheral nerve endings
and shown to be responsible for mediating peripheral antinoci-
ception [62]. Periarticular opioid infiltration alone [63] or as
part of multimodal drug injection regime [64] has been shown
to provide significant analgesia, reduce the requirements for
PCA, and improve patient satifaction.

As PCA requires dedicated IV access, some of the non-
traditional routes may be particularly useful especially in the
pediatric population.

Undesirable side effects of opioids include sedation, altered
sensorium, and cognitive dysfunction that may make monitor-
ing of the central nervous system difficult. Respiratory depres-
sion and resultant hypoxia may accentuate the hypoxia asso-
ciated with diffuse lung injury. Nausea and vomiting are side
effects that most patients dislike.

Opioids have been implicated in acute colonic pseudo-
obstruction or Ogilivie’s syndrome [65], which is a poten-
tially fatal condition characterized by clinical and radiographic
appearance of colonic obstruction in the absence of an anatom-
ically obstructing lesion. Opioid drugs can cause increased fre-
quency of nonpropulsive phasic contractions, ablate propul-
sive migration contractions, and promote water reabsorption,
thus increasing the duration of postoperative ileus [66]. This,
combined with prior vascular insufficiency, may contribute to
ischemia and colonic distension, precipitating Ogilivie’s syn-
drome. Reduction of predisposing factors, good bowel care,
early oral diet, early mobilization, good hydration, and opioid
rotation are very important in preventing acute colonic pseudo-
obstruction [67]. Early detection and aggressive treatment are
essential.

Figure 34.2. Patient-controlled transdermal system: IONSYS (Ortho-
McNeil Pharmaceutical, Inc, Raritan, NJ). The system transfers fentanyl
on demand across the skin into the systemic circulation. At the time of
writing, the system is not available for patient use, though it has been
approved by the Food and Drug Administration for postoperative anal-
gesia. With permission from Ortho-McNeil.

Available evidence suggests that there is a significant and
underappreciated risk of serious injury from PCA and neu-
raxial opioids in the postoperative period. While the risk is
notably higher in the patient population at risk, there is still a low
but unpredictable incidence of life-threatening, opioid-induced
respiratory depression in the young and healthy patients.
Despite concerns about costs, the Anesthesia Patient Safely
Foundation advocates the routine use of continuous postoper-
ative respiratory monitoring (pulse oximetry and continuous
measurement of respiratory rate) in at-risk patients receiving
PCA or neuraxial opioids [68].

The effects of opioids on the immune system are complex.
In brief, both acute and chronic opioid treatment affect innate
and adaptive immunity [69]. These effects will have immense
therapeutic consequences. Morphine has been shown to medi-
ate these effects by acting directly both on receptors present on
the immune cells and on centrally mediated pathways. There
seems to be general agreement that opioid treatment compro-
mises host defense.
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The disease of addiction affects approximately 10 percent of
the general population though its prevalence may be higher in
certain subpopulations [70]. Both active and recovering addic-
tion may complicate the use of medications, such as opioids,
which are important in the management of pain. There is a
persistent misunderstanding among health care providers, reg-
ulators, and the general population regarding the nature and
manifestions of addiction that may result in undertreatment of
pain. This is further complicated with a true addiction potential
with extended use.

Traditionally, oral long-acting opiates have been used for
chronic pain. However, in a prospective analysis, Illgen et al.
showed that oral administration of long-acting opioids may
provide an opioid-sparing effect [71]. It has been postulated
that oral long-acting opioids provide a better route to control
moderate to severe acute pain by providing steady levels of
medication and convenience, avoiding peaks and troughs and
gaps in pain control during sleep.

Unlabeled nebulization of opioids has been used as an alter-
native method of treatment for minor procedures in patients
who would be at risk of systemic adverse effects [72]. However,
more research is needed in evaluating this route of administra-
tion.

T R A M A D O L

Tramadol is an unusual agent, whose analgesic activity is medi-
ated through two different mechanisms. When first used clin-
ically, it was thought to be a centrally acting opioid of the
aminocyclohexanol group [73]. While the side effect profile
of tramadol resembles that of a µ receptor agonist, the binding
affinity for the receptor is weak and the analgesic effect was only
partially reversed by naloxone. Later on, the multimodal nature
of the drug was revealed and was attributed to the inhibition of
5-hydroxytryptamine and noradrenaline uptake, coupled with
presynaptic stimulation of 5-hydroxytryptamine release.

Tramadol apparently lacks abuse potential, although the
possiblity of dependence with long-term use cannot be entirely
excluded. It has only one pharmacologically active metabolite
(of 11 identified). Patients with genetic cytochrome P450 3A4
(CYP3A4) enzyme deficiency may show a reduced response
to the drug. Though the data available are conflicting, it may
have interaction with oral anticoagulants and antiepileptics and
should be avoided in epileptic patients [74].

Tramadol exerts anti-inflammatory action without directly
affecting the enzymes in the generation of arachidonic acid
metabolites. The pharmacodynamic profile of tramadol is
therefore completely different from that of NSAIDs, including
COX-2 inhibitors.

Intraarticular tramadol has been used to provide effective
and reliable pain control following arthroscopic knee surgery
[75].

As an additive for intravenous regional anesthesia, tramadol
has a limited role. Though its addition may decrease the time
to onset of sensory block, it does not decrease tourniquet pain
or prolong postoperative analgesia [76].

Tramadol appears to have local anesthetic properties simi-
lar to prilocaine [77] and lidocaine [78], though the incidence
of local adverse effects may preclude its use as a local anes-
thetic.

Intravenous tramadol 50–150 mg is equivalent in analgesic
efficacy to morphine 5–15 mg. However, parenteral prepara-
tions of tramadol are not available in North America.

Epidural tramadol appears to be a comparable and safe
alternative to epidural morphine in thoracic surgery patients
[79], though the duration of pain relief is shorter. Tramadol
encapsulated in polyhydroxybutyrate microspheres for epidural
use is currently being evaluated in animals [80].

K E TA M I N E

Ketamine is a phencyclidine derivative. It is a noncompeti-
tive inhibitor at N-methyl-d-aspartame (NMDA) receptor. It
is thought to have an agonistic action at opioid receptors and
an antagonistic action at muscarinic receptors. Its uniqueness
comes from producing a dissociative state causing amnesia and
intense analgesia with preservation of vital brain stem func-
tions and hemodynamic stability. Ketamine produces a clini-
cal state of lack of response to pain or other noxious stimuli
while maintaining stability of respiratory and cardiovascular
functions. It provides profound amnesia and analgesia. It has
been shown to reduce hyperalgesia caused by opiates when used
perioperatively and also decrease opioid requirements [81]. A
50:50 mixture of propofol and ketamine (ketofol) has been used
to provide analgosedation for minor procedures in emergency
department [82] following trauma.

The drawbacks with ketamine are excessive secretions, agi-
tation on recovery, ability to raise intracranial and intraocular
pressures, and hallucinations (thought to be lessened by con-
comitant administration of benzodiazepines). For this reason,
ketamine has to be used with caution in an acute trauma patient
who may have a head injury. Despite this, it is a very useful drug
for treating burn pain, dressing changes, and minor procedures
like wound debridement. This is particularly useful in the triage
area in the field to extricate patients from trauma site where
securing an airway may be difficult or equipment is lacking.

L O C A L A N E S T H E T I C S

Local anesthetics act by producing a reversible blockade of the
sodium channel in the nerve cell. This hyperpolarizes the nerve
cell and prevents impulse transmission. There are a variety of
short-acting, long-acting, and rapid onset-offset local anesthet-
ics available. The common routes of administration are periph-
eral and neuraxial (see Chapter 31).

Intravenous lidocaine has been found to have preventive
effects on postoperative pain [83], reduce post-amputation pain
[84], and visceral pain [85], as well as control complicated
unrelieved acute post-surgical pain. Systemic administration
of lidocaine has been used to relieve neuropathic pain [86] at
and below the level of injury (centrally acting effect of sodium
channel blockade) [87]. The safety of intravenous lidocaine for
analgesia is far from assured by small studies such as those cur-
rently available and there is a possibility of accumulation of
lidocaine in the blood during the period of infusion, even at
low doses [88]. Intravenous lidocaine is appealing as a simple
and inexpensive method to gain the same benefits as more inva-
sive and costly techniques, but we currently lack large studies
to define its safety and efficacy in trauma situation.
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Local anesthetics are very useful in burn treatment where
topical application has proved effective for superficial burns
[89]. Commonly used topical anesthetics require 30–60 min-
utes to provide effective anesthesia. A low-dose lidocaine ion-
tophoresis system is being evaluated for quick-onset anesthesia
(10 min) at lower doses [90].

There are reports of local anesthetic toxicity, mainly in chil-
dren, observed following topical application to mucous mem-
branes [91].

A N T I D E P R E S S A N T S

Tricyclic antidepressants (TCAs) have a long history of use
in neuropathic pain condtions and can reduce pain, alleviate
depression, and facilitate sleep in patients with trauma injuries
(see Chapter 35). Tricyclic antidepressants act by preventing the
neuronal reuptake of serotonin and norepinephrine. They are
thought to modulate the descending nociceptive pathways and
thus alleviate the pain resulting from injury. The antidepres-
sants have quite a different clinical pharmacologic profile when
used in pain management, as opposed to endogenous depres-
sion. Randomized, controlled trials provide strong evidence
that tricyclic antidepressants can treat neuropathic pain, with
their analgesic effect being independent of their antidepressant
action [92]. They may provide an opioid-sparing effect and
reduce opioid requirement. This could be very beneficial in the
narcotic-dependent patient who has sustained trauma. Many
patients with trauma go through tremendous psychologic stress
and anxiety that may accentuate pain perception. Preoperative
anxiety has been documented to be a single factor associated
with repeated bolus requests with PCA; thus it is imperative to
control anxiety in trauma patients.

Amitriptyline can be used in low doses (10–25 mg initially).
However, the onset of action takes a few days. Side effects like
anticholinergic effects and sedation are mostly dose dependent
and can limit antidepressant use.

Antidepressants exhibit a number of pharmacologic mech-
anisms, including norepinephrine and serotonin modulation,
direct and indirect effects on opioid receptors, inhibition of
histamine, cholinergic and NMDA receptors, and inhibition of
ion channel activity [93]. Although it is not entirely clear which
mechanisms produce analgesia and to what extent, the avail-
able animal and clinical trials data indicate that antidepressants
are effective in treating many types of pain. These drugs can be
adminstered only orally and have limited application in acute
trauma situation while being very useful as an adjuvant in the
management of post trauma pain.

Some tricyclic antidepressants can result in prolonged
QT interval [94], arrhythmia [95], paralytic ileaus [96], and
Ogilvie’ syndrome [97]. The serotonin-noradrenaline reuptake
inhibitors are safer to use than tricyclic antidepressants and are
a better option in patients with cardiac disease [98]. They are
considered moderately effective for pain of neuropathic origin.
However, their side effects (agitation, gastrointestinal distur-
bances, and hypertension) have to be kept in mind.

A N T I C O N V U L S A N T S

Various anticonvulsants have been tried in treating pain, espe-
cially neuropathic pain. Anticonvulsants act by causing hyper-

polarization and decreasing spontaneous neuronal firing in
the central nervous system. Until recently, anticonvulsants
were not thought to be useful in acute conditions. However,
similar to nerve injury, tissue injury is known to produce
neuroplastic changes, leading to spinal sensitization and the
expression of stimulus-evoked hyperalgesia and allodynia.
Pharmacologic effects of anticonvulsant drugs that may be
important in the modulation of these neural changes include
suppression of sodium channel, calcium channel, and gluta-
mate receptor activity at peripheral, spinal, and supraspinal
sites. Although several anticonvulsant drugs potentiate
the inhibitory neurotransmitter gamma-amino butyric acid
(GABA), which plays a role in pain modulation [99], anal-
gesic effects of GABAergic anticonvulsants such as benzodi-
azepines and barbiturates are not reliably observed. Anticon-
vulsant gabapentin is a structural analogue of GABA and binds
to α2δ subunit of voltage-dependent calcium channel, thus
preventing release of nociceptive neurotransmitters including
glutamate, substance P, and noradrenalin. It has been shown to
reduce hyperalgesia following intradermal capsaicin injection
[100].

Many reports are available on the efficacy of gabapentin
and its prodrug, pregabalin. Gabapentin has been found to
be very successful in treating neuropathic pain and postsurgi-
cal, posttraumatic pain [101, 102]. In trauma, it could be use-
ful in treating/preventing neuropathic pain. It has a favorable
side-effects profile but may be associated with sedation, dizzi-
ness, headache, abnormal thinking or confusion, and ataxia,
which maybe dose related. Hepatic enzyme induction is low,
thus minimizing significant drug interactions. Preemptive anal-
gesia with gabapentin has been found to reduce VAS scores
and opioid requirements [103]. While it is unlikely that the
analgesic efficacy of any currently available anticonvulsant is
sufficient to eliminate the need for opioids, anticonvulsants
may, like NSAIDs, exert an opioid-sparing effect. Available
evidence suggests that anticonvulsants might decrease opioid
consumption either by enhancing opioid analgesia [104] or
by suppressing mechanisms of opioid tolerance or withdrawal
[105].

Pregabalin is an α2δ ligand that is structurally related to
gabapentin without known activity at the γ -aminobutyric acid
or benzodiazepine receptors. It prevents calcium flux by presy-
naptically inhibiting excitatory neurotransmitters, including
glutamate, substance P, and calcium gene-related peptide. It
has analgesic, anticonvulsant, and anxiolytic activity. Reuben
et al. [61] showed that the combination of pregabalin and cele-
coxib was superior to either single agent alone in reducing pain
scores and morphine use and it had fewer side effects. There is
robust synergy of these drugs with COX-2 inhibitors to produce
more effective analgesia [106].

At present, only oral forms of these drugs are available.
Bioavailability of gabapentin is dose dependent, being higher
at lower doses. As more drug is administered, less is available.
Pregabalin has a more linear pharmacokinetic effect and has
been documented to be a superb anxiolytic [107], a feature that
can play a pivotal role in pain management.

The most common side effects with long-term use of α2δ

ligands are dizziness, somnolence, and peripheral edema [108].
These drugs are eliminated via the renal route so one has to be
careful about renal function/creatinine clearance to determine
the dosing.
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α2 AG O N I S T S

α2 receptors play an important role in pain modulation. The
modes of action proposed are increased activation of descend-
ing inhibitory pathways via the locus ceruleus, direct inhibitory
effect on neuronal firing at receptor sites in the substatia gelati-
nosa, and a reduction in release of substance P [109]. Cloni-
dine is the most important α2 receptor agonist with analgesic
and sedative properties currently available for clinical use and
may be useful in trauma pain. Interestingly, it was originally
investigated as a nasal decongestant but associated hypoten-
sion and sedation made it unsuitable. Since then, it has been
used as a centrally acting antihypertensive agent, as treatment
for acute drug withdrawal, prevention of shivering after gen-
eral anesthesia, as well as reduction of anesthetic requirements.
Studies have shown clonidine to reduce perioperative analgesic
requirements, prolong the duration of local anesthetics, and
enhance opioid analgesia. Clonidine can be administerd by oral,
intravenous, transdermal, intramuscular, and neuraxial routes.
Nasal dexmedetomidine has recently been evaluated for seda-
tion in children and was found to be comparable to midazolam.
[110]

Mechanisms of action of α2-adrenoceptor agonists include
synergy with opiates since both receptors share a similar disti-
bution throughout the brain [111], and are coupled with the
cyclic GMP effector system [112]. Nitric oxide synthetase is also
found in similar locations on the spinal cord, and antinocicep-
tion from α2-adrenoceptor agonists may be partially dependent
on nitric oxide synthesis [113]. The sedative effects of α2 ago-
nist may also decrease pain perception [114]. Despite a large
body of evidence from both in vivo and in vitro studies, the
exact neuroprotecitve mechanisms of α2-adrenoceptor agonists
have been confined to laboratory experiments [115]. As the α2a
receptor is more important in pain modulation, attention has
been focused on dexmedetomidine (d-enantiomer of medeto-
midine) which has α2:α1 selectivity ratio of 1,620:1 (compared
with 220:1 for clonidine) [116]. Dexmedetomidine has shown
promising activity in human trials [117], but not without side
effects. It may have an important role to play in trauma patients
whose critical condition may preclude the use of other anal-
gesics.

Hypotension and bradycardia associated with these drugs
may not be tolerated by some trauma patients. α2 adrenocep-
tor agonists can cause hyperglycemia in humans [118]. The
mechanism is thought to involve postsynaptic α2-adrenoceptor
stimulation of pancreatic β-cells, which inhibit insulin release.
However, attenuation of sympathoadrenal response to trauma
and stress can inhibit this hyperglcemic response [119].

B E N Z O D I A Z E P I N E S

Benzodiazepines have effects on sedation, anxiolysis, and
muscle relaxation but do not have any analgesic properties.
Although many researchers have shown that anxiety exacer-
bates pain, the data for this are not confirmative. When a ben-
zodiazepine is used in conjunction with opioids, the opioid
dose required to produce analgesia is reduced. In a study on
burn patients, the dose of opioid required was significantly
reduced by concomittant administration of lorazepam [120].
It has an important role in treating highly strung, anxious

patients. Reducing their anxiety level may help in altering their
perception of pain. Caution must be exercised when using ben-
zodiazepines with opoids, as their effects are synergistic. Com-
mon drugs used in emergency departments are midazolam
and diazepam. Midazolam is usually preferred because of its
shorter duration of action (60–90 minutes) to avoid any unto-
ward side effects. The most effective route of administration is
intravenous. In children with poor or no IV access, oral, rectal,
inhaled [121], buccal [122], and nasal [123] midazolam have
proved effective.

Intrathecal midazolam has been used clinically. The ratio-
nale for the use of intrathecal midazolam focuses on the aware-
ness that it is an agonist at the benzodiazepine binding site on
a subunit of the pentameric GABAA receptor [124], causing
spinally mediated analgesia. Current reports suggest that the
use of midazolam in a dose not exceeding 1–2 mg at concen-
trations not exceeding 1 mg/mL delivered either alone or as an
intrathecal adjuvant, has positive effects on perioperative and
chronic pain therapy and is not accompanied by an increase in
the incidence of adverse events [125].

E N T O N OX

Entonox is a 50:50 mixture of oxygen and nitrous oxide. It pro-
vides safe and effective analgesia without loss of consciousness
for moderately painful trauma-related procedures. Its usage is
usually in an awake, cooperative patient. It is practically patient-
controlled analgesia with a mask or mouthpiece through an on-
demand valve. Entonox produces analgesia and anxiolysis about
20 seconds after inhalation, with peak effects occurring within
2 minutes. It is pleasant to inhale but may cause drowsiness,
excitability, or paresthesia. The main disadvantage is nausea,
and there is a risk of regurgitation in a trauma patient with
a potential full stomach. Cardiovascular side effects are mini-
mal. Entonox should be avoided in patients with altered senso-
rium, bowel obstruction, pneumothorax, head injury, chronic
obstructive pulmonary disease, decompression sickness, or air
embolism. Nevertheless, it is a good first aid method of pain
relief for moderate pain and minor procedures like manipula-
tions and fracture reductions in adults [126] and children [127].

Exposure to staff in outside operating room areas could be
high, as environmental control measures are difficult to apply.
Chronic exposure to nitrous oxide may be associated with high
homocysteine plasma levels and a risk of clinical depression,
reduced fertility, and increased pregnancy loss, though some of
these concerns were dispelled in a large subsequent study [128].

Special equipment with mask or mouthpiece and demand
valve is needed. As patient cooperation is required for effective
administration, critically ill and/or uncooperative patients are
not good candidates for the use of Entonox.

S P E C I F I C T Y P E S O F T R AU M A

Thoracic Injuries

Thoracic trauma, especially blunt chest wall trauma, is a lead-
ing cause of mortality and morbidity [129]. Pain management
in thoracic trauma is often inadequate as ventilatory compro-
mise worries most of the treating health care professionals.
The elderly population has the highest morbidity from thoracic
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trauma [130]. Adequate analgesia is one of the most important
determinants of morbidity in elderly patients. Opioids, neurax-
ial more than systemic, have been found to be very effective with
fewer side effects. Local anesthetics through neuraxial, paraver-
tebral, or intercostal nerve blocks have been shown to be useful
(see Chapter 18).

Many chest injuries may be associated with lung and cardiac
injuries, making the patient vulnerable to major hemodynamic
changes. Thus, opioid administration has to be titrated in a
deliberate fashion. Often, patients with thoracic injuries may
be on ventilatory support, making administration of opiates
less risky.

Burn Injuries

A sizeable proportion of burn patients end up having chronic
pain. This is as a result of windup and secondary hyperalgesia
caused by sensitized nerve endings exposed by the burn. A pro-
cess of central sensitization occurs and a neuropathic pain state
develops, eventually [131]. A multimodal approach is there-
fore required to manage the various stages of burn pain. In the
acute phase, the patient has intravascular blood volume deple-
tion, exaggerating the hemodynamic responses to IV opioid
medications (see Chapters 20 and 21). Eventually, repeated vis-
its to the operating room and lack of venous access may pose
additional problems with pain management. Invariably, these
patients end up receiving chronic opioid therapy, which can
also result in dependance and opioid-induced hyperalgesia.

Management
T O P I C A L A N E S T H E T I C S

Traditional burn care consists of topical antimicrobial
agents applied to a burn that has been debrided of devital-
ized skin. Although very effective in protecting against surface
infections, antimicrobial agents are usually applied frequently
to maintain their effectiveness. For children, these dressing
changes can be quite painful and are associated with significant
anxiety. While some agents (silver sulfadiazine) are less irritat-
ing, most applications are quite painful. Usage of topical local
anesthetics to reduce this discomfort is a known technique.
Topical lidocaine applied to skin harvest sites produces anal-
gesic effects and reduces narcotic requirements in burn patients
undergoing repeated graft procedures [132]. Systemic toxicity
from topical application of local anesthetics has been reported,
especially seizures in children [133]. Intravenous lidocaine has
been reported to provide some benefit in burns. Topical appli-
cation of EMLA® cream (Eutectic mixture of 2.5% lidocaine
and 2.5% prilocaine) is useful, but there have been reports of
central nervous system toxicity [134] and methemoglobinemia
[135] on excessive application.

During the healing phase of burns, local anesthetics in com-
bination with antihistamines have been used successfully to
treat the intense itching that can be present.

O P I O I D S

Opioids still are the mainstay for the treatment of burns
worldwide. Their potency and analgesic efficacy make them
the first-choice drugs. The intravenous route of administration
by PCA has been found to be most effective in providing ade-
quate pain relief. The flexibilty, ease of use, less dependency on
medical personnel, and reduction in resource utilization makes

it a more effective system. The worries about altered pharma-
cokinetics and plasma drug level because of a catabolic state and
altered plasma protein levels have not panned out. The com-
monly used technique involves a constant background opioid
infusion along with an on-demand bolus. Burn patients have
higher opioid requirements and may be tolerant to opioids.
When switching over to oral medications, equianalgesic doses
of long-acting opioids need to be added along with nonopioid
adjuvants. The opioid methadone has an antagonistic effects
on NMDA and serotonin reuptake and thus provides an ideal
enteral formulation.

N O N O P I O I D A D J U VA N T S

NSAIDs can be used to treat burn pain, but the main worry is
their effect on renal function and GI mucosa. Acetaminophen
might be a preferred drug in such a situation because of its
favorable side-effect profile. Regular, rather than as needed PRN
administration, is preferred. Acetaminophen alone can provide
good control of baseline pain.

Ketamine as described earlier is a potent analgesic and
amnesic. Its CNS effects could limit its use but it has been found
to be very useful in opioid-resistant patients. Conscious seda-
tion with rectally applied ketamine and midazolam allows safe
and painless dressing changes after burn injuries in children
[136].

Benzodiazepine or other major tranquilizers can be use-
ful for anxiolysis. The emotional aspect and psychologic issues
surrounding pain treatment enhance the perception of pain.
These drugs have been effective in such cases. Lorezepam is a
preferred agent due to its relatively clean metabolic pathway
(glucuronidation).

Antihistamines are standard treatment in burn centers
[137]. The reason is intense pruritus during the healing phase.
The C-fibers, which are polymodal, transmit the itching sensa-
tion that is often more irritating than pain. The sedative effect of
the antihistamines can be useful in augmenting sleep and reliev-
ing anxiety and possibly some decrease in narcotic requirement
[138]. Gabapentin has been shown to be effective in relieving
itching in burn patients [139].

Regional anesthesia with nerve blocks for isolated burn
injuries can be helpful but is limited to few instances. Epidurals
and intrathecal analgesia appear attractive, but the increased
incidence of catheter colonization and risk of infection is a real
possibility.

P E D I AT R I C T R AU M A

The major challenges of pediatric trauma are the psychical com-
ponent, lack of IV access, and inability to assess pain (see Chap-
ter 24). Studies have shown that children tend to be undermed-
icated after trauma due to a global fear of overdose [140]. There
is mounting evidence that adequately treating pain in children
is not only safe but can also improve outcomes [141].

During transport from the scene of accident, parenteral
analgesics should be used in severely injured children. Intra-
muscular and/or low-dose opioid infusions provide reasonable
pain relief during undressing, mobilization, and fracture reduc-
tion. NSAIDs are known to provide good-quality analgesia in
the emergency department with pain from acute musculoskele-
tal injuries [142]. Falanga et al. have shown that in children, use
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of nurse-controlled algorithm for pain relief has been found to
be safe and effective as it focuses on regular combined analgesia,
frequent pain assessment, and a standardized therapeutic deci-
sion [143]. Ketamine, usually with a benzodiazepine, can also
be used for procedural pain relief. It is crucial to give trauma-
tized children support and reassurance to minimize fear. VAS,
face scale, or physiologic and behavior scales can be used in
children for pain assessment.

Nerve blocks may be appropriate for children both in the
acute care setting and before painful procedures (see Chapter
24).

M U LT I M O DA L A N A L G E S I A

Multimodal analgesia is a concept that uses two or more agents
throughout the pain cycle. High enough doses of individual
agents will achieve good results, but the multimodal approach
maximizes the benefits while minimizing the adverse effects
using synergistic agents.

As pain varies in intensity and duration according to degree
of bony/soft tissue damage, need for physiotherapy, need for
ambulation, preexisting condition, and individual pain thresh-
old, there can be no single recipe for pain control. The guiding
principle is that a balance of agents will provide optimal pain
control. The goals are to maximize the positive aspects of treat-
ment and limit side effects. In this strategy, coxibs can be used
to reduce peripheral and central sensitization, local anesthetics
and opioids can be used during and immediately after surgical
procedure, and an agent like ketamine can be introduced as
an NMDA-receptor antagonist to minimize central sensitiza-
tion [26]. This results in additive or synergistic analgesia with
superior pain control, lower total doses, fewer side effects, and
attenuated stress response.

N O N P H A R M AC O L O G I C A P P R OAC H E S

Psychologic support is a major part of initial acute trauma/burn
treatment and also of the rehabilitation phase. Alleviation of
anxiety, decreasing fear, and ensuring a reasonable sleep pat-
tern play a crucial role. In the long term, nightmares and post-
traumatic stress disorder are quite common following trauma.
Counseling plays an indispensable part in minimizing the
sequelae from this. Hypnosis, relaxation techniques, biofeed-
back, and acupuncture have all been reported to decrease the
intensity of burn pain [144].

TENS (transcutaneous electrical nerve stimulation) is a
valuable and fast-acting pain treatment under difficult circum-
stances out-of-hospital rescue and lacks side effects. It has been
shown to reduce pain scores, anxiety, heart rate, and blood pres-
sure related to transport after traumatic hip fractures [145]. The
only limiting factors are proper application of the device and
patients having implanted electronic devices like pacemakers,
defibrillators, or spinal cord or deep brain stimulators.

Microamperage current treatment has shown significant
reduction in pain scores and biologic markers for pain and
proinflammatory cytokines, as well as an increase in serum
cortisol and beta endorphin release in fibromyalgia associated
with cervical spine trauma [146]. This may hold promise.

C O N C LU S I O N S

The management of pain plays a pivotal role in the treatment of
trauma patients. The ideal target, comfort goal for most patients
appears to be minimizing pain, achieving an arousable state by
avoiding excessive sedation, and allowing evaluation of pain
and neurologic function. It has become increasingly clear that
that prompt and proper pain control can have an impact on
outcomes positively. Early mechanical measures such as fixation
of fractures and repositions of dislocations are important in
pain management. While drugs are important in acute pain
management, reassurance, empathy, and explanations about
the condition and its likely course are no less important [147].

M U LT I P L E C H O I C E Q U E S T I O N S

1. Concerning pain and the stress response after trauma,
which of the following is correct?

a. A predominant anabolic response occurs.
b. There is usually a rise in catecholamines and cortisol.
c. Hypoglycemia is common due to increased levels of

insulin
d. Splanchnic blood flow is increased

2. With regard to pain management, which of the following is
correct?

a. Caregivers frequently overestimate the pain level experi-
enced by patients.

b. A tracheally intubated patient cannot report pain.
c. Pain scores such as the visual analogue scale are inaccu-

rate and therefore should not be used.
d. The most accurate and reliable evidence of pain is from

the patient.

3. Considering the use of acetaminophen in trauma, which of
the following is correct?

a. It is effective for moderate pain after minor surgery.
b. It is contraindicated in elderly patients because of gas-

trointestinal side effects.
c. It impairs wound healing.
d. It reduces bone fusion.

4. Concerning the use of nonsteroidal anti-inflammatory
drugs (NSAIDS) in trauma, which of the following is
correct?

a. Nonselective NSAIDS act predominantly at COX-3
receptors.

b. They are not effective for treating moderate pain after
surgery.

c. There are fewer gastrointestinal and antiplatelet side
effects with selective COX-2 inhibitors (e.g., coxibs)

d. In adults with moderate to severe postsurgical pain, there
is no opioid-sparing effect with ketorolac.

5. Regarding the use of opioids and other drugs in trauma
patients, which of the following is correct?
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a. Neuraxial opioids are generally avoided after thoracic
surgery because of the risk of epidural hematoma.

b. Transmucosal opioids cannot be used because the
increased first-pass metabolism in trauma patients
decreases their efficacy.

c. Multimodal analgesia using local anesthetics, ketamine,
NSAIDs, and opioids results in inferior pain control and
more side effects than single-modal therapy (one agent
only).

d. Clonidine reduces analgesic requirements and can pro-
long the effect of local anesthetics.

A N S W E R S

1. b
2. d
3. a
4. c
5. d
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P O S T T R AU M A C H R O N I C PA I N

David Ryan and Kutaibba Tabbaa

Objectives
1. Discuss the pathophysiology and treatment of complex regional pain syndrome (CPRS).
2. Evaluate and manage posttraumatic headache, whiplash, and phantom limb pain.
3. Review the incidence, classification, and management of post-spinal cord injury pain.

We must all die. But that I can save him from days of torture that
is what I feel as my great and ever new privilege. Pain is a more
terrible Lord of mankind than even death itself.

Albert Schweitzer

I N T R O D U C T I O N

Though advances in trauma care have led to improved survival
for victims of major trauma, these patients are frequently liv-
ing with increased disability and chronic pain. A prospective
cohort study of 201 trauma surgical patients found that only
one third did not develop chronic pain at seven months, while
one third developed significantly debilitating chronic pain at
the same interval [1]. Likewise, studies of chronic pain popula-
tions have shown that a significant percentage of these patients
have a history of trauma or surgery. Clearly, chronic pain is a
common and potentially devastating consequence of trauma.
In this chapter we will review chronic pain syndromes in the
trauma patient after considering the historical and current clin-
ical approach to the chronic pain patient.

A B R I E F H I S T O RY O F PA I N

Pain has been viewed throughout history as a punishment for
sins and has been associated with mystical beliefs for thou-
sands of years. The Mediterranean region appears to have given
birth to some of the first civilizations that relied on a mixture
of religious ritual, potion, and therapeutic procedure to treat
illness and pain. Our earliest evidence of a priest-physician is
the asu from Mesopotamia (3000 b.c.). These original inhabi-
tants of the Mediterranean not only sought relief through divine
intervention, but developed elixirs from Opium poppy, one of

the earliest and most enduring of all medicinals in recorded
history [2].

Though Asian civilization originated independently, these
societies also developed a similar spiritual, medicinal, and pro-
cedural approach to pain. Writings from Indian physicians
c.1000 b.c. classify medicines into three categories: magical and
spiritual acts, those ingested, and those resulting from mental
discipline. Chinese acupuncture dates back to 2600 b.c. and
is based on a concept of correcting spirit meridian imbalance
(Figure 35.1). In addition, a wide range of Chinese herbal reme-
dies were also employed. Though opium came late to China,
acupuncture has been continually practiced for millennia and is
playing an ever greater role in the modern treatment of chronic
pain [2].

Early Western civilization developed a more practical scien-
tific approach to illness and pain that was codified in the writ-
ings of the Greek physician Gallen in 200 a.d. He organized the
teaching of Hippocrates, promoted the study of anatomy, and
expanded the use of medication [2]. This methodology stag-
nated during the Middle Ages as faith replaced reason in face
of the devastating war and plague that marked this era [3]. By
the Renaissance, scientific inquiry was embraced once more,
opening the door for the development of modern pain theory
and practice (Figure 35.2).

The modern era of chronic pain management has not sim-
ply been an evolution and refinement of the practical tech-
niques. As was true in the early civilizations of the West and
the East, the complexity of chronic pain requires a multidisci-
plinary approach including an understanding of the cultural,
psychological, and even religious context in which it is expe-
rienced. Though the ancients addressed these issues mostly
through mystical practices, modern practice employs what has
been termed the comprehensive pain management approach.
The remainder of this chapter will be dedicated to a discussion
of the modern understanding and treatment of chronic pain

5 4 4
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Figure 35.1. Acupuncture chart dating back to the Ming dynasty. This
chart demonstrates meridians important in the treatment of organs
throughout the body. From Madigan SR, Raj pp. History and current
status of pain management. In Gay SM, ed. Practical Management of
Pain, 2nd edition. St Louis: Mosby-Year Book, 1992, pp 3–15, with per-
mission.

resulting from trauma. However, as we will see, many aspects
of modern treatment have been employed since the beginning
of civilization.

T H E R O L E O F PA I N I N P R O T E C T I N G
T H E I N D I V I D UA L

Though pain has been largely thought of as a punishment from
God throughout much of history, modern medicine has proved
a far more utilitarian role for pain. The value of pain becomes
evident when we consider congenital pain insensitivity syn-
drome (Figure 35.3). Individuals born without the ability to
perceive pain do not benefit from the warning that pain pro-
vides. They suffer trauma without concern and infection goes
unnoticed. Children born with this disease have reduced life
expectancy and experience significant morbidity including loss
of limb and vision as well as early death. Pain not only conditions
us to avoid trauma but to react to situations that are harmful to
our being. Ultimately, acute pain is protective and purposeful.

Figure 35.2. In the seventeenth century, Descartes advanced the under-
standing of pain as a biologically based mechanism by describing a “del-
icate thread” connecting the site of a burn to the brain that transmitted
pain sensation. By furthering the concept of neural connection, Descartes
helped organize the intellectual framework that led to modern pain the-
ory. From Brown DL, Fink BR. The history of neural blockade and pain
management. In Cousins MJ, Bridenbaugh PO, ed. Neural Blockade in
Clinical Anesthesia and Management of Pain, 3rd edition. Philadelphia:
Lippincott-Raven Publishers, 1998, pp 3–32, with permission.

D E F I N I N G C H R O N I C PA I N

Terminology used in the field of pain not only provides a vocab-
ulary to describe pain phenomena but reflects a framework
from which to understand pain (Table 35.1). The International
Association for the Study of Pain defines pain as, “An unpleas-
ant sensory and emotional experience associated with actual or
potential tissue damage, or described in terms of such damage”
[4]. Chronic pain can then be viewed as pain that has outlived
its usefulness. This is in contrast to the traditional temporal
definition of chronic pain as pain that lasts for more than three
to six months. Most pain management practitioners prefer to
define chronic pain from the functional point of view, given
that it is less arbitrary and relates more to the physiology of
pain.

Pain sensation is classified by pathophysiologic mecha-
nisms. Somatic pain is pain that arises from damage or trauma
to tissue (e.g., bone, tendons). Neuropathic pain is defined by
the International Association for the Study of Pain as “Pain
initiated or caused by a primary dysfunction in the nervous
system” [4]. Most common pain syndromes are a mixture of
somatic and neuropathic pain components.
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Figure 35.3. Children born with congenital insensitivity to pain often
suffer severe trauma and deformity at an early age due to lack of nocicep-
tive perception of tissue injury. Courtesy of Michael H. Ossipov, Ph.D.,
University of Arizona.

Either perspective must look beyond the functional role of
pain and allow for the fact that pain is actually an experience
that may or may not result from direct or ongoing tissue dam-
age. Such a viewpoint is essential to understanding, diagnosing,
and treating chronic pain. Though acute painful trauma is a
common initiating event that leads to chronic pain, many neu-
roscientists believe chronic pain to be a neurogenic disease with
a significant genetic predisposition that presents after an acute

Table 35.1: Pain Terms and Definitions

Pain An unpleasant sensory and emotional
experience associated with actual or
potential tissue damage, or described in
terms of such

Neuropathic pain Pain initiated or caused by a primary lesion
or dysfunction in the nervous system

Central pain Pain initiated or caused by a primary lesion
or dysfunction in the central nervous system

Allodynia Pain due to a stimulus that normally does
not provoke pain

Causalgia A syndrome of sustained burning pain,
allodynia, and hyperpathia after a traumatic
nerve lesion, often combined with
vasomotor and sudomotor dysfunction and
later trophic changes

Dysesthesia An unpleasant, abnormal sensation,
whether spontaneous or evoked

Hyperalgesia An increased response to a stimulus that
normally is painful

Hyperpathia A painful syndrome that is characterized by
an abnormally painful reaction to a
stimulus, especially a repetitive stimulus, as
well as an increased threshold

Hypoesthesia Diminished sensation or numbness

Neuralgia Pain in the distribution of a nerve or nerves

Neuropathy A disturbance or pathologic change in a
nerve; in one nerve, mononeuropathy; in
several nerves, mononeuropathy multiplex;
if diffuse and bilateral, polyneuropathy

Nociceptor A receptor preferentially sensitive to a
noxious stimulus

Noxious stimulus One that is damaging to normal tissues

Paresthesia An abnormal sensation, whether
spontaneous or evoked

From Milch R. Neuropathic pain: implications for the surgeon. Surg Clin N
Am 2005;85:225–36. Merskey H, Bogduk N. Classification of Chronic Pain,
2nd edition. Seattle: IASP Press, 1994.

trauma. Others believe that undertreated acute pain results in
chronic pain conditions. Further research is needed to clarify
the components of chronic pain that may be amenable to genetic
treatment.

E VA LUAT I O N O F T H E C H R O N I C
PA I N PAT I E N T

Any patient presenting with chronic pain after trauma requires
a complete evaluation without prejudice based on the history
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of trauma. The purpose of this evaluation is to obtain clues to
the possible etiology, which may be related to the trauma, and
develop an appropriate treatment plan based on the diagnosis.
The history and physical exam are the beginning of this process.

The history should focus on a description of the pain as
well as the past medical and surgical history. The McGill Pain
Questionnaire Short Form can be used as a quantitative assess-
ment tool to help differentiate somatic from neuropathic as well
as affective components of a patient’s pain (Figure 35.4). Pain

Figure 35.4. Short-form McGill Pain Questionnaire. This form includes
15 descriptors from the original McGill Pain Questionnaire; 11 are sen-
sory, 4 are affective, and all are rated on a scale from none to complete.
A present pain intensity and visual analogue scale are also included. This
short form correlates well with the original McGill questionnaire. From
Edwards RR. Pain assessment. In Benzon HT, Raja SN, Molloy RE, Liu
SS, Fishman SM, ed. Essentials of Pain Medicine and Anesthesia, 2nd
edition. London: Elsevier Churchill Livingstone, 2005, pp 29–34, with
permission.

physicians gain a multidimensional perspective on the patient’s
pain experience by using these questionnaires as well as assess-
ments of functionality. The McGill Pain Questionnaire has been
validated and shown to be reliable across cultures, age groups,
and patient populations. In addition, duration, location, distri-
bution, and referral patterns, relieving and exacerbating con-
ditions, as well as associated symptoms give clues to the origin
of pain.

Though details will be discussed in the later sections on pain
syndromes, the description of pain can help identify the possible
causes. For example, chronic pain in the cranium of a trauma
patient needs to be evaluated for headache, including, but not
limited to, etiologies related to head injury. Headache could
originate from the occipital nerve, migraine, or traumatic brain
injury, all of which will have various presentations. Radicular
neuropathic pain may radiate in a pattern consistent with a
particular nerve or nerve root. Such pain commonly presents
as numbness with qualities of tingling or burning [5]. Axial
pain that does not radiate suggests pain related to the vertebral
structures. A patient who describes skin color changes related to
their pain may be describing vasomotor abnormalities related to
autonomic involvement. A thorough description of the patient’s
pain is an invaluable part of the overall evaluation.

The patient’s medical and surgical histories are critical
as well. The diabetic patient may have suffered trauma but
has continued pain as a result of poor wound healing, occult
osteomyelitis, or diabetic neuropathy, all of which will have
associated history and findings. Surgical history is equally infor-
mative. Poorly controlled postoperative pain has been shown to
lead to increased incidence of some chronic pain syndromes and
may be a contributing factor. Trauma patients often have had
orthopedic and spinal surgeries. Postlaminectomy syndrome is
a common cause of chronic pain independent of the trauma his-
tory. Patients with a short gut syndrome secondary to resection
following trauma or otherwise will not properly benefit from
time-released oral narcotics. Medical history may also affect
treatment modality. The anticoagulated patient with atrial fib-
rillation should not undergo any procedure involving place-
ment of needles near the spine until coagulation is normalized
and a plan for reanticoagulation is in place. As is true in any spe-
cialty, the patient’s history is critical to the overall management
of the chronic pain patient.

Physical exam further narrows the differential diagnosis.
Emphasis will be on the neurologic musculoskeletal exam, espe-
cially the motor and sensory findings of the area involved.
Temperature differences and muscular atrophy in addition to
sudomotor (sweat) changes may give clues to precipitation of
complex regional pain syndrome (CRPS). Extremity weakness
is of particular concern in that this suggests potential nerve
compression at the root or level of the cord. Magnetic reso-
nance imaging (MRI) and nerve conduction studies may be
warranted to rule out the need for surgical intervention.

Posttraumatic chronic pain patients can present with a
wide variety of complaints. In any case, the initial evaluation
should not only focus on trying to identify the pathology, but
to rule out unlikely, yet devastating, causes of pain. For exam-
ple, in the patient with lower back pain, cauda equine syn-
drome, osteomyelitis, or vertebral compression fractures fall
into this category. Review of systems should include question-
ing about bowel and bladder problems as part of the process
ruling out cauda equina syndrome. When ordering diagnostic
tests as mentioned before, it is especially important to clarify
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Figure 35.5. Examples of discography and facet joint injection. (A)
Discography in the lateral view demonstrating a ruptured nucleogram.
Complete radial tear results in contrast extravasating through the pos-
terior annulus, possibly into the epidural space or the neural foramen.
The most diagnostic information is whether the procedure provokes the
patients pain at any level. (B) Axial view schematic of lumbar facet with
osteoarthritis. Synovial lining is represented in red. Facet hypertrophy is
evident with bone overgrowth of the Inferior (I) and Superior (S) articu-
lar processes, articular cartilage erosion, and interfacetal space narrowing,
which still allows for entry of the needle (N). From Fenton DS, Czervionke
LF. Image Guided Spine Intervention. Philadelphia: Saunders, Elsevier,
2003, p 244, figure 9.24, and p 14, figure 2.5, with permission.

to the patient the reasoning for such tests. Often imaging will
show degenerative findings and changes that may not explain
the patient’s pain. Further interventional tests such as discogra-
phy or facet joint injections are needed (Figures 35.5a, 35.5b).

Psychosocial variables are important factors that contribute
to a patient’s pain. Not only can emotional factors such as anx-
iety and depression have a negative impact on treatment and
response, but history of physical, sexual, or substance abuse,
work history, and status of any pending law suits or workman’s
compensation claims can play a major role in developing the
patient’s treatment plan. These components of the patient’s
history will help guide a comprehensive pain management pro-
gram.

Initial evaluation of the posttrauma patient may suggest
a variety of chronic pain syndromes. Subsequent sections will
discuss a variety of the chronic pain syndromes that occur in
this patient population.

C O M P L E X R E G I O N A L PA I N S Y N D R O M E

Causalgia, the most terrible of all tortures which a nerve wound
may inflict . . . It’s favorite site is the foot or hand . . . Its intensity
varies from the most trivial burning to a state of torture, which
can hardly be credited, but reacts on the whole economy, until the
general health is seriously affected.

— S. W. Mitchell 1872 [6]

Definition

Trauma can result in a variety of pain disorders. One of the most
perplexing is complex regional pain syndrome, which describes
a constellation of symptoms most often seen in patients follow-
ing injury or surgery (Figure 35.6) These symptoms include
pain (often out of proportion to that expected from the initial
trauma), sensory abnormalities (allodynia, hypoalgesia, hyper-
algesia), edema, dysregulation of temperature, blood flow, and
sweating, as well as trophic changes to skin and subcutaneous
tissues. Active and passive movement limitations (including
tremor) are often present as well [7].

Historically, many terms that reference these symptoms
have been used to depict this condition (Table 35.2) [8, 9]. Previ-
ously, the two subtypes of complex regional pain syndrome have
been referred to as reflex sympathetic dystrophy and causalgia.
Because these terms have lost their clinical utility, in 1994 the
International Association for the Study of Pain developed the
term Complex Regional Pain Syndrome (CRPS) to emphasize
the following clinical characteristics:

■ Complex: multiple and varied clinical features as noted
above

■ Regional: majority of cases involve a region of the body,
usually an extremity

■ Pain: cardinal feature, often out of proportion to origi-
nal insult and essential to the diagnosis

Patient Evaluation

The current taxonomy maintains the two subtypes: CRPS
I (previously Reflex Sympathetic Dystrophy) is the more
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Table 35.2: Examples of Terms Now Incorporated into Complex
Regional Pain Syndrome (CRPS)

Causalgia

Reflex sympathetic dystrophy

Sudeck’s atrophy

Shoulder-hand syndrome

Sympathetically maintained pain

Sympathalgia

From Hartick C. Pain due to trauma including sports injuries. In Gay SM,
ed. Practical Management of Pain, 2nd edition. St Louis: Mosby-Year Book,
1992, pp 409–33. Binder A, Schattschneider J, Baron R. Complex regional
pain syndrome Type I (reflex sympathetic dystrophy). In Waldman SD, ed.
Pain Management, Philadelphia: Saunders Elsevier, 2007, pp 283–301.

common and is distinguished on the basis that the pattern
of pain does not follow a particular nerve distribution. CRPS
II (previously Causalgia) has all the same features of CRPS I
with the exception that the distribution of pain is related to a
particular nerve lesion. These nerves are generally large nerves
of the extremities. The diagnostic criteria for each subtype are
listed in Table 35.3.

CRPS is considered a subset of neuropathic pain [10].
In evaluating patients with this condition, other neuropathic
pain syndromes and causes of pain must be ruled out, includ-
ing peripheral neuropathies, infection, inflammation, and
vasospasm. Though CRPS II is distinguished by a defin-
able nerve injury, as the diagnostic criteria suggest, com-
plex regional pain syndrome is distinct from most neuro-
pathic pain in that features of autonomic dysregulation are
present. The most notable of these findings are edema, tem-
perature discrepancy between affected and unaffected limbs

Sprain/Strain 
29%

Post-Surgical 
24%

Fractures 
16%

Contusion 
Crush injury 

8%

Spontaneous, Other 
Unknown 

23%

Figure 35.6. A majority of patients develop complex regional pain syndrome (CRPS) after injury or surgery.
From Allen G. Epidemiology of complex regional pain syndrome: a retrospective chart review of 134 patients.
Pain 1999;80:539–44, with permission.

Table 35.3: International Association for the Study of Pain
(IASP) Diagnostic Criteria for Complex Regional Pain
Syndrome – CRPS 1 and CRPS II

CRPS I (Reflex Sympathetic
Dystrophy)∗ CRPS II (Causalgia)∗∗

1. The presence of an initiating
noxious event, or a cause of
immobilization.

2. Continuing pain, allodynia,
or hyperalgesia with which
the pain is disproportionate
to any inciting event.

3. Evidence at some time of
edema, changes in skin
blood flow, or abnormal
sudomotor activity in the
region of the pain.

4. This diagnosis is excluded by
the existence of conditions
that would otherwise
account for the degree of
pain and dysfunction.

1. The presence of continuing
pain, allodynia, or
hyperalgesia after a nerve
injury, not necessarily
limited to the distribution of
the injured nerve.

2. Evidence at some time of
edema, changes in skin
blood flow, or abnormal
sudomotor activity in the
region of the pain.

3. This diagnosis is excluded by
the existence of conditions
that would otherwise
account for the degree of
pain and dysfunction.

∗Note: Criteria 2–4 must be satisfied.
∗∗Note: All three criteria must be satisfied.
From Stanton-Hicks M. Complex regional pain syndrome. Anesthesiol Clin
N Am 2003;21:733–44. Janig W, Stanton-Hicks M, ed. Reflex sympathetic
dystrophy: A reappraisal. Progress in Pain Research and Management.
Seattle: IASP Press, 1996, vol. 6.

(greater than 1◦C), and sudomotor (sweating) abnormalities
[11]. Although diagnosis is clinical, assessments directed at
autonomic aspects of CRPS include thermography, quantitative
sudomotor axon reflex test, and sympathetic nerve blocks.
Other studies targeted at narrowing the differential diagnosis
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Figure 35.7. Thermography of the hand. (A) Computerized telethermography. (Left) Dorsal hands, (Right) palmer hands. (B) Liquid crystal ther-
mography. (Left) Dorsal hands, (Right) palmar hands. From Edwards BE, Hobbins WB. Pain management and thermography. In Gay SM, ed. Practical
Management of Pain, 2nd edition. St Louis: Mosby-Year Book, 1992, pp 168–84, with permission.

or identifying tissue, motor, and sensory changes include radio-
graphs, bone scintigraphy, electromyography, nerve conduc-
tion testing, and quantitative sensory testing. Objective and
timely means of accurately diagnosing CRPS are critical because
treatment outcomes are more favorable in the early stages. Keep-
ing in mind that these studies can not rule out CRPS, use of
indirect measures of autonomic function such as thermogra-
phy, which correlates with microvascular blood flow, not only

provide a means of physiologically staging the disease, but mon-
itoring its response to treatment (Figure 35.7). Staging can be
difficult given that the rate of disease progression is variable.
However, quantifiable testing helps overcome these challenges
[12].

The role of the autonomic nervous system in complex
regional pain syndrome is variable. Sympathetically main-
tained pain is relieved by either systemic adrenergic antagonist
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Figure 35.8. Examples of stellate ganglion and lumbar plexus blocks. (A) An axial view of the clinically relevant
anatomy in placing the stellate ganglion block. (B) Demonstrates the technique that involves retracting the carotid
sheath and advancing toward the transverse process of C6 or C7 then withdrawing 2–3 mm prior to aspiration.
Aspiration is done in two planes prior to 1-mL test dose in order to avoid intravascular injection of the vertebral
and subclavian artery. (Continued)

medication (e.g., phentolamine) or neurolysis of sympathetic
ganglion (stellate ganglion and lumbar plexus blocks, Figures
35.8A, B, C and D). Though sympathetic blocks are used to aid
in the diagnosis and treatment of complex regional pain syn-
drome, not all patients meeting the criteria for the syndrome
respond to sympathectomy. This has led to further subclassifica-
tion of pain in CRPS as either sympathetically maintained pain
or sympathetically independent pain. Sympathetically main-
tained pain can be present in any neuropathic pain syndrome.
Patients with sympathetically maintained pain respond favor-
ably to treatment with sympathetic blocks. Pain that does
not respond favorably to treatment with sympathetic block
is termed sympathetically independent pain. Sympathetically
independent pain is much more refractory to treatment and
prognosis is poor [12].

Sympathetically maintained pain does not respond uni-
formly to varying sympatholitic interventions. For example,
patients who respond classically to regional or peripheral nerve

block may experience no relief from phentolamine. Though
these clinical phenomena need to be discussed when consider-
ing the pathophysiology and mechanisms of pain in complex
regional pain syndrome, one must keep in mind that there is
no pathognomonic test for diagnosing sympathetically main-
tained pain. The significance in determining the presence of
sympathetically maintained pain is not for diagnosis of com-
plex regional pain syndrome but rather to establish the viability
of sympatholisis as a treatment option. Given the importance
of initiating treatment early, identifying complex regional pain
syndrome pain that is responsive to sympatholitic treatment by
any means needs to be a priority in the initial workup in these
patients [12].

Pathophysiology of CRPS

The pathophysiology of this disease is still unclear. Most pain
researchers believe CRPS is developed and maintained by
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Figure 35.8. (Continued ) (C) Representation of the innervation of the lumbar plexus that originates between L1-L2 and L5-S1 and ultimately forms
the major branches of the plexus, which include the genitofemoral nerve through the obturator nerve. (D) Demonstration of the lumbar plexus block
technique that involves advancing the needle 4 cm lateral to the spine at the level of the iliac crest. From (A) Morgan GE, Mikhail MS, Murray MJ.
Clinical Anesthesiology, 4th edition. New York: McGraw–Hill, 2006, p 385, figure 18.16. (B) Barash PG, Cullen BF, Stoelting RK. Clinical Anesthesia,
5th edition. Philadelphia: Lippincott Williams & Wilkins, 2006, p 736, figure 26.22. (C and D) Hadzic AJ, Vloka JD. Peripheral Nerve Blocks. New
York: McGraw–Hill, 2004, pp 219–23, figures 18.2 and 18.7, with permission.

abnormalities in the central and peripheral nervous systems.
The peripheral component is evidenced by peripheral sensiti-
zation of primary nociceptive afferent neurons associated with
sympathetic efferent coupling, up-regulation of ion channels
and adrenergic receptors, and increased concentrations of neu-
ropeptides. Inflammatory cells such as macrophages and mast
cells are implicated by inflammatory changes associated with
CRPS, but whether their role is primary or secondary remains
controversial [7, 12].

The central component is explained by changes in the region
of the dorsal horn containing wide-dynamic-range neurons.
Mechanisms of central sensitization resulting in increased per-
ception of pain could include spontaneous firing of the wide-
dynamic-range neuron as well as amplification of ascending
signals or insufficient descending inhibitory signals. Multiple
neurotransmitters, receptors, and cytokines have been impli-
cated, including glutamate, magnesium, glycine, substance P,
γ -aminobutyric acid (GABA), neurokinin, serotonin, alpha 2
receptors, µ-receptors, as well as prostaglandin [13].

Additional central mechanisms implicated in complex
regional pain syndrome involve the sympathetic nervous sys-
tems and cortical processing. Loss of thermoregulatory reflexes
and increased sudomotor activity are reversed by sympathetic
block. These phenomena suggest that the central sympathetic
nervous system is responsible. Functional MRI and positron
emission tomography (PET) scan studies suggest that corti-
cal processing of pain sensation is altered in CRPS. Moseley
and Acerra propose that allodynia and parasthesia may be
mediated by the brain in experiments demonstrating dysyn-

chria, the phenomenon of eliciting pain or parasthesia in an
affected limb while watching a mirror image of the healthy
limb being touched [14]. Future therapies directed at spinal as
well as cortical targets of the central nervous system may prove
valuable.

Treatment

The primary goal in treating patients with CRPS is to preserve
the function of the affected region of the body. Early diagno-
sis and initiation of medical therapy combined with directed
physiotherapy and psychologic therapy is the mainstay of con-
servative treatment. A successful outcome depends largely on
aggressive pain control and physical therapy focused on desen-
sitization and maximizing functionality. Though rehabilitation
is critical to the treatment of CRPS, flexibility in employing the
most appropriate therapeutic modality that supports further
improvement at any given time is recommended by published
expert guidelines (Figure 35.9) [11].

Multiple medications have been postulated for the treat-
ment of CRPS. Large doses of oral steroids in early stages is
advocated by some specialists, while the traditional approach to
CRPS treatment includes tricyclic antidepressants, antiepilep-
tic medications, and calcium channel or beta blockers. Alpha-2
agonists (e.g., clonidine) as well as N-methyl-d-aspartate recep-
tor antagonists (e.g., ketamine and dextromethorphan) have
been shown to be effective in treatment of central sensitization
(Table 35.4) [12].
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Figure 35.9. Clinical pathways for complex regional pain syndrome (CRPS). From Stanton-Hicks M. Complex
regional pain syndrome, Anesthesiol Clin N Am 2003;21:733–44, with permission.
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Table 35.4: Oral and Parenteral Drugs Used in the Treatment of
Complex Regional Pain Syndrome (CRPS)

Oral
Nonsteroidal anti-inflammatory
Steroids
Antidepressants
Tricyclic antidepressants
Serotonin reuptake inhibitors
Anticonvulsants
Calcium channel blockers
Alpha-2 agonist

Parenteral
Bretylium
Steroids
Alpha-2 agonist

From Teasdall RD. Complex regional pain syndrome (reflex sympathetic
dystrophy). Clin Sports Med 2004; 23:145–55.

Interventional Management

Regional anesthetic techniques including sympathetic blocks
have been successfully utilized in the treatment of CRPS. Sym-
pathetic blocks are very affective in the subset of patients with
sympathetically maintained pain. By definition, these blocks are
completely ineffective in the subset of patients with sympathet-
ically independent pain. Single-shot and continuous regional
blocks are effective modalities of treatment in appropriate cases.
Epidural and intrathecal infusion have been successfully utilized
in the management of pain in resistant cases. Combinations of
opioid, local anesthetic, clonidine, and baclofen have been used
as well. Implantable therapies such as spinal cord stimulators
and intrathecal delivery devices are very successful in treating
highly resistant and selective groups of patients (Figure 35.10).
These implantable devices have proved long-term benefit. It is
important to realize that all these modalities require affective
psychologic and physical rehabilitation in order to be successful.

P O S T T R AU M AT I C A B D O M I N A L PA I N

Trauma patients often suffer abdominal injury and require
surgery that can result in chronic abdominal pain. This pain
can manifest as a neuropathic entrapment syndrome or a more
generalized abdominal pain. The patient with a neuropathic
entrapment syndrome will experience pain in the distribution
of the involved nerve such as the ilioinguinal or intercostal
nerves. Conservative medical treatment involves neuropathic
membrane stabilizers such as gabapentin, antidepressants, opi-
oids, and transcutaneous electrical stimulation unit (TENS).
Abdominal pressure message can serve to desensitize the
entrapped nerves of the abdominal wall and release adhesions.
Injection with local anesthetic and steroid may also release
adhesions around the nerve while providing relief. Interven-
tional treatment may begin with radiofrequency ablation or
cryotherapy. As a last resort, placement of a peripheral nerve
stimulator over the affected area with an implanted genera-

tor may be attempted and has yielded excellent results (Figure
35.10).

Posttraumatic abdominal pain can manifest as regional pain
confined to one quadrant or as generalized pain throughout the
entire abdomen. This is an idiopathic chronic abdominal pain
that is diagnosed by exclusion of identifiable sources such as
obstruction, pseudocyst, abscess, or chronic adhesions. These
patients can suffer for an extended period of time while under-
going multiple diagnostic tests and failed treatments. Such pain
is considered a visceral neuropathic disease, involves autonomic
pathways, and is only diagnosed by exclusion.

In general, visceral pain is described by patients in vague
terms such as a dull cramping pain without a precise point of
origin and is not relieved by bowel movement or affected by
eating habits. Initially, the source of abdominal pain is visceral,
peritoneal, or referred [15]. However, visceral nociceptors differ
from somatic in that they are sparsely distributed with a larger
receptive field. Representation of these nociceptors is poor in the
primary somatosensory cortex relative to representation in the
secondary somatosensory cortex, cingulate, and insular cortex.
This distribution of cerebral representation possibly explains
the association of visceral pain with an intense emotional qual-
ity but imprecise localization [16].

The neuroanatomy of visceral pain at the level of the
spinal cord needs to be understood when considering treat-
ment options. Afferent nociceptors are slow C fibers that follow
sympathetics to the dorsal horn in a pattern generally corre-
sponding to embryonic gut formation. As a result the region
of pain correlates with the sympathetic preaortic ganglia as
follows: celiac with epigastrium (foregut), superior mesenteric
with the periumbilical region (midgut), and the inferior mesen-
teric with the lower abdominal quadrants (hindgut) [17]. Pelvic
visceral afferents project to S2 through S4 [16]. Similar to CRPS,
posttraumatic chronic visceral pain can respond to sympathetic
blockade because visceral afferents pass through these ganglia.
However, visceral pain is not necessarily a symphathetically
maintained pain.

Treatment of this pain includes conservative medical man-
agement along with psychologic therapy and interventional
techniques applied as indicated. Medical treatment is the
same as for neuropathic pain (Table 35.4), including mem-
brane stabilizers, antidepressants, and opioids supported with
behavioral modification techniques. Interventional treatment
includes regional anesthesia, diagnostic sympathetic blocks, fol-
lowed by neurolytic blocks utilizing radiofrequency techniques
or chemicals such as dehydrated alcohol or phenol, in addi-
tion to implantable devices such as spinal cord stimulators or
intrathecal delivery systems.

Diagnostic regional blocks of visceral afferents at identi-
fiable nerve roots that relieve pain give information as to the
neuroanatomy involved. This information can be used to deter-
mine the value of interventions, such as neurolytic bilateral
splenic nerve blocks, celiac plexus blocks, or superior hypogas-
tric plexus blocks (Figure 35.11) [16]. Spinal cord stimulators
may have difficulty capturing abdominal pain; however, if suc-
cessful, they are very effective in providing relief. Intrathecal
pump administration of a cocktail including an opioid, alpha-2
agonist, baclofen, and local anesthetic have demonstrated effi-
cacy.

It is important to realize that trauma patients with abdom-
inal pain require special consideration. Patients who have
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Figure 35.10. Implantable devices are often effective in treating severe and refractory pain conditions, including
complex regional pain syndrome (CRPS) and other neuropathic pain syndromes. Due to their invasive nature,
associated complications and expense, these devices are typically third-line treatments. (A) Implanted spinal cord
stimulator and the course of the lead in the epidural space. (B) The course of an implanted intrathecal pump.
(C) The actual implantation of an intrathecal pump. (D) Radiograph of a patient with an implanted intrathecal
pump. Figure 10A and B from Medtronic, with permission.

experienced bowel resection (short gut syndrome) will not ade-
quately absorb medications properly, especially the extended
relief formulations. It should be additionally emphasized that
careful follow-up of these patients and repeated evaluation are
essential in order to detect any complications of the original
illness during early rather than late stages.

T R AU M AT I C B R A I N I N J U RY

Approximately 30 percent of trauma patients experience trau-
matic brain injury (TBI). Even trivial trauma can result in long-
term sequelae. Headache and cognitive and psychologic impair-
ment are some of the major symptoms. More than half of TBI
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Figure 35.11. Blocks of the celiac and superior hypogastric plexus are performed in the treatment if abdominal
visceral pain. (A) Clinically relevant anatomy of the superior hypogastric plexus. (B) Blind single-needle technique
for hypogastric plexus block. (Continued)



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-35 CUFX276-Smith-v2 May 12, 2008 18:13

P O S T T R A U M A C H R O N I C P A I N ■ 5 5 7

C

D

Figure 35.11. (Continued ) (C) Needle placement for the “classic” celiac plexus block. (D) Needle placement for
the anterior approach. Note the structures surrounding the celiac plexus. From Waldman SD. Pain Management.
Philadelphia: Saunders, Elsevier, 2007, pp 1269–74, 1351–2; and Waldman SD. Atlas of Interventional Pain
Management, 2nd edition. Philadelphia: Saunders, 2003, pp 413, 1269, 1274, with permission.
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patients report chronic pain with headache being the most com-
mon. Though trauma that causes damage to the central nervous
system can lead to pain in limbs or other parts of the body,
this discussion will focus on pain associated with the head and
neck. Reviews of TBI describe a spectrum of insults ranging
from mild head injury, whiplash, and concussion to moderate
or severe TBI. Mild head injury is often referred to as mild TBI.
Mild TBI has varying definitions but is defined by one source
as “a traumatically induced physiological disruption of brain
function” with any period of loss of consciousness, memory
loss around the time of trauma, any change in mental state,
and focal neurologic deficits of any duration [18]. The Amer-
ican Academy of Neurology defines concussion as a “trauma
induced alteration in mental status that may or may not involve
loss of consciousness” [18]. They also grade concussion from 1,
which is confusion without loss of consciousness, to 3, which is
head trauma with loss of consciousness. These injuries are most
commonly caused by motor vehicle accidents (42%) followed
by falls, assault, and sports injuries [18].

The sources of pain following traumatic head injury can
be divided into intra- and extracranial. Any tissue containing
nociceptors is a potential source of such pain. The nociceptive
intracranial structures include the cerebral arteries, fifth, ninth,
and tenth cranial nerves, dural arteries, and the dura mater
at the base of the brain. Extracranial sources of pain include
skeletal muscle, tendons, joints, cancellous bone, skin, mucous
membranes, fascia, periosteum, and peripheral nerves [19].
Therefore, head injury can also result in trauma to extracranial
structures such as cervical ligaments, temporomandibular joint
(TMJ), and peripheral nerves without causing brain injury.
Whether pain arises from intra- or extracranial structures, all
are included in most discussions of posttraumatic headache.
Of note, the incidence of posttraumatic headache is inversely
proportional to the severity of head injury. Between 30 and
90 percent of patients with mild head injury are reported to
develop posttraumatic headache [20]. The most recent criteria
established by the International Headache Society for posttrau-
matic headache is onset within 7 days of the incident (which is
an arbitrary designation) [20].

Mechanisms of posttraumatic headache may involve injury
to tissue or result from physiologic changes secondary to TBI.
Cerebral blood flow is noted to be decreased and asymmet-
ric in posttraumatic headache patients when compared with
migraineurs and normal controls. Migraine headache and TBI
share many common biochemical alterations in neuropeptides
such as substance P, glutamate, excitatory neurotransmitters,
serotonin, as well as loss of calcium homeostasis and develop-
ment of magnesium deficiency. The trigeminovascular system is
thought to be involved in the development of migraine and pos-
sibly triggered by mild TBI. Most posttraumatic headaches are
of a mixed variety involving pain likely due to direct or indirect
tissue damage and a component of vasoactive or migraine-type
headache [18].

The primary posttraumatic headache types are similar to
tension headache, migraine, and cluster headache. Tension
headache is involved in 85 percent of posttraumatic headaches
and is similar to the nontraumatic type with band-like or
cap-like tightening with variable duration and may include
a dull aching component. These headaches are most respon-
sive to nonsteroidal anti-inflammatory drugs (NSAIDs). Many
patients with migraine-like headache respond to migraine

Figure 35.12. Anatomy involved in blocking the greater occipital nerve.
The greater occipital artery runs lateral to the nerve as they travel through
the aponeurotic sling toward the posterior scalp. A wall of 3–5 mL of
local anesthetic is used to ensure that adequate block is achieved. From
Waldman SD: Pain Management. Philadelphia: Saunders, Elsevier, 2007,
p 1143, with permission.

therapeutics. Researchers have proposed that TBI may trigger
migraine in genetically susceptible individuals who previously
may not have experienced migraines. Cluster headaches that are
rapid in onset and of short duration are rare in posttraumatic
headache [18, 20].

Posttraumatic headache may include pain resulting from
injury to structures of the head. One example is whiplash,
which involves hyperextension followed by flexion of the neck
and can result in cervical muscle injury, occipital neuralgia,
and TMJ pain [18]. TMJ results from hyperextension of the
mandibular joint with mastoid muscle tenderness, limited jaw
opening, and popping or clicking at the joint. True articular
pathology must be ruled out but is rare. This is often a myofas-
cial pain responsive to trigger point injections in the muscles
of mastication [21]. Occipital neuralgia is pain in the distri-
bution of either the greater or lesser occipital nerves that may
be from entrapment of these nerves or a referred myofascial
pain. Palpation of the occipital nerves may reproduce this pain.
If Tinel’s sign is present, occipital nerve block may be effec-
tive (Figure 35.12) [22]. Cervicogenic headaches refer to any
headache originating from cervical soft tissue or bony struc-
tures (Figure 35.13). Within the trigeminocervical nucleus C2,
C3, and C4 and trigeminal terminal afferents are in close prox-
imity. Noxious stimuli of cervical structures can activate the
trigeminal nucleus, as well as the trigeminovascular system,
generating referred pain to frontal and anterior portions of the
head [18]. C2-C3 joint pain refers to the upper neck and occipi-
tal region. Neurolysis of the median branch from the dorsal rami
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Figure 35.13. Ligamentous injury to the cervical spine can contribute to
posttraumatic headache. (A) Normal. (B) Mild disruption. (C) Severe
injury involving ruptured ligaments with increased kyphotic angula-
tion, diastasis of facet joints. An unstable injury. From Browner. Skeletal
Trauma: Basic Science, Management, and Reconstruction, 3rd edition.
Philadelphia: Saunders, 2003, figure 29.6, with permission.

with local anesthetic is one treatment option. Radiofrequency
ablation is also employed but is more controversial [21]. Head
trauma can also cause myofascial pain responsive to trigger-
point injections.

Medical therapy in posttraumatic headache depends some-
what on whether the headache is constant or intermittent.
Rebound headache can result from the continued use or exces-
sive use of prophylactic analgesics, caffeine, and abortive med-
ications. Generally if the headache is constant and/or of a
musculoskeletal nature, NSAIDs and acetaminophen are very
effective with opioids and migraine-specific agents used as
abortive therapy as necessary. Migraine medications include
serotonin receptor agonists and ergot derivatives. Midrin is
also a unique formulation effective in migraine-type headache.
Beta blockers and calcium channel blockers have been used
for migraine prophylaxis. Muscle relaxants have little role in
chronic posttraumatic headache. Posttraumatic headaches of a
chronic nature are difficult to treat and require a therapeutic
plan tailored to the specific symptoms and comorbidities of
each patient [21].

P H A N T O M L I M B PA I N

Phantom limb sensation is a common sensory phenomenon in
amputees. Phantom limb sensation may last weeks to a month
without contributing to a pain syndrome. On the other hand,
phantom limb pain is a condition associated with excruciating
pain felt by the patient in the amputated extremity. Prevalence
of phantom pain varies between 50 and 80 percent with severe
pain being reported in approximately 5 percent of patients.

Most researchers believe that phantom limb pain is a form
of neuropathic pain that develops in the first week of injury. The
mechanisms of this pain are believed to be central with mul-
tiple neurotransmitters involved. It is essential to differentiate
between phantom limb pain and stump pain, which is localized
to a neuroma formation around severed nerves.

Though neuropathic pain has generally been considered to
be nonresponsive to opioid treatment, recent studies demon-
strate that higher-than-standard doses can be effective.

Interventional management including regional and sympa-
thetic blocks have been effective in a subset of this population.
Spinal cord stimulators have shown some promise in modifying
pain signaling and the decrease of pain sensation. All treatment
modalities, medical or interventional, should be accompanied
by aggressive psychotherapy, biofeedback, and imagery [23].

V E R T E B R A L F R AC T U R E

Life expectancy in the United States has increased dramati-
cally. As the number of individuals leading active lives into their
ninth decade has become more common, so has the incidence
of trauma-related injury among the elderly. The incidence of
vertebral fracture has increased as a result of this phenomenon.
Vertebral fracture in the elderly results not only from affects
of aging on bone that render it susceptible to fracture at lower
levels of mechanical force than younger bone, but also from
the increased prevalence of osteoporosis as coexisting disease
[24]. Falls from standing are by far the most common cause of
trauma-related injury in the elderly. Evidence suggests that for
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patients older than 70 years, motor vehicle accidents are sec-
ond to falls as a cause of traumatic injury. In the elderly, injuries
from car accidents are more severe, though the pattern of injury
is similar to that of their younger counterparts [24]. Given that
vertebral fractures are a common cause of chronic back pain in
the elderly and generally related to mild or unnoticed trauma,
this subset of the trauma population is at an even greater
risk for vertebral fractures. Trauma patients presenting with
back pain, especially elderly trauma patients, should be thor-
oughly evaluated for vertebral fracture and triaged accordingly
[25].

Acute vertebral fracture is treated aggressively in the trauma
bay. Of note, elderly trauma patients are twice as likely to have
cervical spine injury on radiographic imaging. High cervical
injury is more common in patients who have fallen from a low
height, while low cervical injury predominates in motor vehi-
cle accident patients [24]. Any associated neurologic deficit is
treated with appropriate surgical modality. However, isolated
vertebral compression fracture without neurologic deficit is a
source of intractable back pain. Early evaluation with the appro-
priate radiographic studies is essential in evaluating the stability
of the fracture. Bed rest and spinal brace, in addition to proper
pain control, are the main treatment options. The majority of
these patients recover uneventfully without any sequelae. Those
who do not recover continue to experience intractable axial
pain with or without radiation. Surgical interventions have not
proven to offer adequate treatment. In response to this ther-
apeutic void, vertebroplasty and kyphoplasty are minimally
invasive techniques developed that increase fracture stability,
strengthen the structure, and have been shown to provide effec-
tive pain relief over conservative management.

Chronic pain from vertebral fractures in patients with oste-
oporosis is thought to be due to vertebral deformity, paraspinal
muscle spasm, alteration in spinal alignment, or arthritic
changes in the area of the fracture [26]. Interventional treat-
ments such as vertebroplasty or kyphoplasty are targeted at sta-
bilizing or restoring spinal architecture and have been shown to
be most effective in patients with severe focal pain and confir-
mation of recent fracture on imaging. One review of case reports
in patients with osteoporosis found relief in 67 to 100 percent
of patients undergoing these procedures [27]. Vertebroplasty is
the older technique, developed in the 1980s, and involves flu-
oroscopically guided percutaneous injection of a low-viscosity,
slow-curing cement under pressure into the collapsed vertebral
body, providing stability and pain relief but without restoring
body height (Figure 35.14). Kyphoplasty, on the other hand,
involves placement of a cannula into the vertebral body under
fluoroscopy to facilitate insertion of an inflatable bone tamp
that creates a cavity to be filled with a viscous bone cement,
reducing the vertebral fracture and restoring some of the verte-
bral body height in the process (Figure 35.15). The creation of
a cavity has advantages beyond restoring vertebral body height
and reducing some of the morbidity associated with that loss
of height. The most significant benefit is that extravasation of
a monomer is less likely with kyphoplasty because more vis-
cous, partially polymerized cement is able to be injected under
lower pressure into the cavity, which has also reduced the frac-
tures, further decreasing the possibility of leakage and systemic
absorption [28]. Complication from leakage can include nerve
root compression, pulmonary emboli, and, rarely, cauda equina
syndrome [29].

A

B

Figure 35.14. Radiographs of vertebroplasty. These radiographs are of
the procedure in the cervical spine that does not use a transpedicular
approach due to the small cervical pedicles and proximity of the verte-
bral artery. (A) AP view of the needle just lateral to midline, which is
represented by the white line. Arrows show clumps of cement in the can-
nula. (B) Lateral view of the needle in the anterior third of the vertebral
body. From Fenton DS, Czervionke LF. Image Guided Spine Intervention.
Philadelphia: Saunders, Elsevior, 2003, pp 204–5, with permission.

The mechanism of action of pain relief with vertebroplasty
and kyphoplasty is not entirely clear. The most intuitive expla-
nation is that mechanical fixation and stabilization of the frac-
ture leads to pain relief. However, in one review, pain relief is
not correlated with quantity of cement injected. These authors
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A B C

D E F

Figure 35.15. Kyphoplasty. (A) The blunt dissector and the working cannula are introduced using a pedicular
approach. (B) The deflated balloon tamp is passed down the working cannula under fluoroscopic control. (C)
Inflation of the balloon tamp and reduction of the fracture. (D) Deflation of the balloon tamp. (E) Application
of the cement. (F) Removal of the working cannula. From Daniel S, Daisuke T, Isador HL. Kyphoplasty: vertebral
augmentation for compression fractures. Clin Geriatr Med 2006;22:535–44, with permission.

suggest evidence that neurotoxic effects of polymethyl metha-
crylate may cause nociceptive denervation within the bone
matrix of the vertebral body [30]. Another proposed mecha-
nism is redistribution of axial load away from the cortices of the
vertebral body back to center, allowing forces to be transmitted
in a more physiologically normal pattern [28].

Contraindications to vertebroplasty and kyphoplasty in the
trauma patient with an acute vertebral compression fracture
include an asymptomatic stable fracture, complete vertebral
body collapse, local osteomyelitis or diskitis, systemic bacte-
rial infection, coagulopathy, and cardiopulmonary pathology.
Relative contraindications include burst fractures, severe but
not complete vertebral compression, radicular signs, or spinal
canal narrowing greater than 20 percent [28, 29]. As mentioned
above, patients who suffer from chronic back pain from verte-
bral fracture and do not obtain relief from conservative man-
agement nor are able to benefit from these percutaneous tech-
niques, placement of an intrathecal pump is the treatment of
last resort.

S P I N A L C O R D I N J U RY

Among the most challenging chronic pain conditions encoun-
tered in the trauma patient population are those that occur in

individuals who have suffered spinal cord injury. Trauma is the
leading cause of spinal cord pain, with motor vehicle accidents
responsible for more than 60–70 percent of spinal cord injury-
related chronic pain [31]. The reported incidence of chronic
pain following spinal cord injury varies greatly, with most sur-
veys suggesting that from 65 to 80 percent of patients experience
chronic pain. Treatment is frustrated by a lack of quality data on
mechanism-specific outcome for treatment modalities. Efforts
to improve treatment outcomes have focused on adopting a
useful classification system of spinal cord injury pain types.
The Spinal Cord Injury Task Force of the International Asso-
ciation for the Study of Pain has proposed a three-tiered clas-
sification system that initially divides spinal cord injury pain
into nociceptive and neuropathic types (Table 35.5). In tier 2,
nociceptive pain is subdivided into musculoskeletal or visceral
pain, where neuropathic pain is categorized by pain above, at,
or below lesion level. In tier 3, specific structures or pathology
are identified [32]. Such taxonomy helps organize the approach
to the patient with spinal cord injury-related chronic pain and
an algorithm for the treatment of spinal cord injury has be pro-
posed by Siddall et al. based on this classification system (Figure
35.16) [32].

Tier 1 focuses on basic mechanisms of pain. Nociceptive
pain originates from damaged tissues that trigger peripheral
myelinated Aδ and unmyelinated C nociceptor fibers. These
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Table 35.5: Pain Typing and Classification as Proposed by the International Association for the Study
of Pain (IASP)

Broad Type Broad System
(Tier 1) (Tier 2) Specific Structures/Pathology (Tier 3)

Nociceptive Musculoskeletal Bone, joint, muscle trauma or inflammation; mechanical
instability; muscle spasm; secondary overuse syndromes

Visceral Renal calculus; bowel, sphincter dysfunction; dysreflexic headache

Neuropathic Above level Compressive mononeuropathies; complex regional pain
syndromes

At level Nerve root compression (including cauda equina); syringomyelia;
spinal cord trauma/ischemia (transitional zone, etc.); dual level
cord and root trauma (double-lesion syndrome)

Below level Spinal cord trauma/ischemia

From Sidall PJ, Yezierski RP, Loeser JD. Pain following spinal cord injury: clinical features, prevalence, and taxonomy.
IASP Newslett 2000;3:3–7. Available at: http//www.iasp-pain.org/TC00–3.html

high-threshold fibers are activated in response to high-intensity
thermal, mechanical, or chemical stimulation [33]. Such pain
is likely to be in a region of normal sensation, to be identifiable,
and have a dull, aching quality. Musculoskeletal pain, includ-
ing damage to ligaments, inflammation, as well as overuse and
muscle spasm, all can be sources of nociceptive pain. Examples
of visceral causes include etiologies such as renal calculi, sphinc-
ter dysfunction, and dysreflexic headache [33, 34]. It should be
noted that the quality of visceral pain may be affected by the level
of spinal cord lesion. For example, patients with tetraplegia may
experience even more vague symptoms than those reviewed in
the earlier section on visceral pain. If the workup is negative or
therapies directed at visceral etiology fail, then classifying the
patient’s pain as neuropathic is appropriate [34].

Neuropathic pain is the other major category in tier 1 classi-
fication. Sensory loss and abnormal pain perception are charac-
teristic in spinal cord injury. In terms of the proposed treatment
algorithm, neuropathic pain is discriminated from nociceptive
in that it occurs in an area of abnormal sensation. Descriptors
are not diagnostic but often include terms like burning, electric
shock, or shooting pain.

Authors on the subject have noted that, while reviews of
spinal cord injury mechanisms of neuropathic pain focus on
central sensitization/plasticity, similar mechanisms of central
plasticity are involved in both nociceptive and central neuro-
pathic pain [33–35]. Animal and human experimental models
provide evidence that structural and neurochemical changes
interact to produce an array of dysesthesias including painful
sensations. In response to injury or transection, trophic sub-
stances induce neuronal remodeling at the spinal and thala-
mic level resulting in plastic changes. Factors contributing to
central pain may include neuronal destruction from excitatory
amino acids as well as hypofunction of inhibitory monoamin-
ergic, GABAergic, and opioid systems. Proposed mechanisms
for spontaneous and evoked pain include up-regulation of neu-
ronal activity [33, 34]. Figure 35.17 outlines the central neuro-
pathic changes as discussed in a review by Eide [33].

Tier 2 evaluation of neuropathic pain is based on the level
of pain relative to the spinal cord injury. Pain above the level
of injury suggests a condition not specific to spinal cord injury

such as complex regional pain syndrome or peripheral nerve
compression. Spinal cord injury patients, however, are at greater
risk for developing complex regional pain syndrome. Evalua-
tion includes physical exam, electrophysiologic studies, as well
as MRI [34]. Based on this evaluation, appropriate treatments
may include nerve decompression or sympathetic block.

At level neuropathic pain occurs within two segments above
or below the level of injury. This pain is associated with allody-
nia and hyperesthesia, and may be due to injury to the nerve
root or the spinal cord. Distinguishing radicular symptoms due
to nerve root injury, spinal instability, and facet joint or disc
compression may be assisted by imaging and electrophysiologic
studies. However, treatment options are different for nerve root
pain compared with pain from spinal cord injury. Therefore, the
clinician needs to keep this differential in mind when evaluating
and treating the patient.

Syringomyelia is also a possibility in cases of delayed onset of
pain. This is associated with a constant burning pain, allodynia,
hyperalgesia, and progressive sensory loss in a limb. Muscle
wasting is common. Motor loss is possible. The syndrome of
syrongomyelia is caused by tubular cavitation developing in the
spinal cord. MRI is diagnostic, and treatment is decompression.
Syrinx can also be involved in above level pain [34].

Below level pain is true central pain and is characterized
by diffuse spontaneous and/or evoked pain below the level of
the lesion. Other terms for this condition include central dyses-
thesia syndrome, phantom pain, and deafferentation pain. The
only evaluation of benefit is MRI to rule out syrinx or to investi-
gate changing symptoms. To date, treatment options of at level
and below level neuropathic pain targeted at the mechanisms
outlined above are limited. First-line treatment in the chronic
neuropathic pain patient is gabapentin based on positive results
in randomized control trials. Evidence is mixed for use of tri-
cyclic antidepressants or weak opioids such as tramadol as a
second line of treatment [34]. Table 35.6 outlines third line
treatment options along with type of evidence, drawbacks and
indications.

Evidence for invasive treatments such as spinal cord stim-
ulators is limited to case reports but does offer relief for some
patients with incomplete lesions and at level neuropathic pain
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Spinal Cord Injury
Injury of Spinothalamic Tract Neurones

Central Neuroplastic Changes

Neurochemical Changes
Increased excitation

lone channels (Na+, Ca++)
EAA (non-NMDA, NMDA)
Peptides (substance P)
Opioids (dymorphine)

Decreased inhibition
GABA
Monoamines
Onioids (CCK)

Neurogenetic Changes

IEG
Protein synthesis

Neuroanatomical Changes

Excitotoxicity
Nerve cell injury/death

Neurophysiological Changes

Spontaneous/evoked neuronal hyperactivity
Neuronal hyperexcitability
Reduced thresholds
Prolonged afterdischarges
Increased receptive fields
Changed somatotopic organization

Abnormal Pain Perception

Spontaneous continuous pain
Spontaneous intermittent pain
Abnormally evoked pain

Allodynia
Hyperalgesia
Hyperpathia

Figure 35.17. A schematic of a proposed hypothesis of the pathophysiologic mechanisms resulting in central
neuropathic pain following spinal cord injury. EAA, excitatory amino acids; NMDA, N-methyl-d-aspartic acid;
GABA, γ -aminobutyric acid; CCK, cholecystokinin; IEG, immediate early genes. From Edie PK. Pathophysiologic
mechanisms of central neuropathic pain after spinal cord injury. Spinal Cord 1998;36:601–12, with permis-
sion.



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-35 CUFX276-Smith-v2 May 12, 2008 18:13

5 6 6 ■ R Y A N A N D T A B B A A

Table 35.6: List of Third-Line Therapies in the Treatment of Spinal Cord Injury with Level of Evidence, Limitations, and
Specific Indications

Treatment Level of Evidence Disadvantages and Side Effects Specific Indications

Pregabalin Unpublished RCT Somnolence, dizziness, asthenia, dry mouth,
edema, constipation

Opioids +ve cases Constipation, drowsiness, tolerance,
dependence

Mixed serotonin/noradrenaline
reuptake inhibitors

+ve cases Hypertensive effects, gastrointestinal
disturbance, dry mouth, reduced appetite,
sweating

Mexiletine –ve RCT Gastrointestinal upset, cardiovascular,
hematologic disturbance, skin reactions

Topiramate +ve RCT Drowsiness, dizziness, ataxia, anorexia, fatigue,
gastrointestinal upset

Lamotrigine –ve RCT Potentially life-threatening skin rash, hepatic
effects, diplopia, blurred vision, dizziness

Dronabinol +ve cases Dizziness, drowsiness, irritability

Older anticonvulsants –ve RCT (valproate) Drowsiness, dizziness, liver
dysfunction, hematologic effects

Acupuncture +ve cases Invasive, Effectiveness for below-level
neuropathic pain in SCI uncertain

Intravenous ketamine +ve RCT Short-term relief, invasive, dysphoria

Intravenous propofol +ve RCT Short-term relief, invasive, hypotension,
arrhythmias, bradycardia

Intravenous alfentanil +ve RCT Short-term relief, invasive, respiratory
depression, bradycardia, sedation,
hypotension, nausea, vomiting

Intravenous morphine +ve RCT Short-term relief, invasive, respiratory
depression, sedation, hypotension, nausea,
vomiting

Effectiveness demonstrated
for mechanical allodynia in
SCI

Intrathecal baclofen +ve RCT Invasive, reports of increased or ‘unmasked’
neuropathic pain in SCI

Stronger evidence for
spasm-related pain

Intrathecal morphine and
Clonidine

+ve RCT Invasive tolerance, hypotension, respiratory
depression, drowsiness

Subarachnoid lignocaine +ve RCT Invasive, central nervous system disturbance

Spinal cord stimulation +ve cases Invasive At-level neuropathic pain,
incomplete SCI

Deep brain stimulation +ve cases Invasive, intracranial hemorrhage

Motor cortex stimulation
(transcranial)

+ve cases Short-term effect

Motor cortex stimulation
(epidural)

+ve cases Invasive

DREZ +ve cases Invasive, risk of further deficits At-level neuropathic pain

Cordotomy +ve cases Invasive, risk of further deficits

Note that these include most of the treatment options mentioned for many of the other neuropathic pain conditions such as complex regional pain syndrome
(CRPS) and phantom limb pain. While the level of evidence and specific indications do not apply, the disadvantages and side effects do. RTC, randomized,
controlled trial; –ve or +ve, evidence indicates drug superior (+ve) or no more effective (–ve) when compared with placebo (RCT) or reported as beneficial
(+ve cases); SCI, spinal cord injury; DREZ, dorsal root entry zone.
Modified from Siddall PJ, Middleton JW. A proposed algorithm for the management of pain following spinal cord injury. Spinal Cord 2006;44:67–77.
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[36]. Intrathecal administration of morphine and clonidine has
been shown to be efficacious in patients with spasticity as well
as at level and below level pain [37–40]. Both of these treat-
ments are initiated in selected patients with a trial. If the trial is
effective, then a permanent device is implanted. Experimental
invasive treatments with limited evidence of efficacy include
deep brain stimulation, motor cortex stimulation, dorsal root
entry zone lesions, and cordotomy [34, 41–46]. Surgical options
may provide only temporary relief and result in additional
deficits.

C O N C LU S I O N

Treatment of the trauma patient with chronic pain involves
many conditions including complex regional pain syndrome,
posttraumatic headache, phantom limb pain, and pain from
spinal cord injury. After evaluation and appropriate diagnostic
studies, treatment is initiated to preserve function and relieve
pain. Physical therapy and rehabilitation are important factors
in overcoming pain in many of these conditions. Pain often
interferes with accomplishing the goal of rehabilitation. A
comprehensive pain management approach not only focuses
on the rehabilitation effort, but also on the psychologic condi-
tions faced by chronic pain patients, such as depression. Thus,
treatment should be directed at quality-of-life issues in order
to obtain the best possible outcomes for chronic pain patients
[34].

M U LT I P L E C H O I C E Q U E S T I O N S

1. Concerning pain in medicine, identify the correct state-
ment:

a. Acute pain is protective and purposeful.
b. Congenital pain insensitivity is associated with normal

life expectancy.
c. Most common pain syndromes do not involve neuro-

pathic pain and is initiated.
d. Somatic pain is defined as pain initiated or caused by a

primary dysfunction in the nervous system.

2. True or False. The patient’s medical and surgical histories
are critical in evaluating the chronic pain patient.

a. True
b. False

3. Concerning complex regional pain syndrome (CRPS),
identify the correct statement:

a. Pain is in proportion to that expected from the injury.
b. Causalgia is a better term to describe the pain findings.
c. The distribution of pain does not necessarily follow a

particular nerve distribution in CRPS I.
d. There is no relation between CRPS and neuropathic pain.

4. Treatment of complex regional pain syndrome consists of:

a. large doses of IV opioids and avoidance of nonsteroidal
anti-inflammatory agents (NSAIDs)

b. pain control, physical therapy to improve function, and
psychological therapy

c. sympathetic blocks and avoidance of physical therapy
d. implantable devices and motor cortex stimulation and

avoidance of psychological therapy

5. Identify the correct statement concerning posttraumatic
abdominal pain:

a. Chronic abdominal pain may develop after surgery.
b. Identifiable sources such as obstruction, pseudocyst,

abscess, and adhesions need to be excluded.
c. Diagnostic regional blocks are useful in determining neu-

roanatomy.
d. All of the above are correct statements.

6. Phantom limb pain is somatic in origin and often involves
neuroma formation around severed nerves.

a. True
b. False

A N S W E R S

1. a
2. a. True
3. c.
4. b.
5. d. all of the above are correct.
6. b. False. Most researchers believe that phantom limb pain is

a form of neuropathic pain. It is important to differen-
tiate between phantom limb pain (central with multiple
neurotransmitters) and stump pain (localized to a neu-
roma around severed nerves).
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T R AU M A S Y S T E M S , T R I A G E , A N D T R A N S F E R

John J. Como

Objectives
1. Define the concept of and the need for trauma systems.
2. Relate the history and development of trauma systems in the United States.
3. Discuss the role of the various trauma centers within the trauma system.
4. Explain the principles of trauma patient triage.
5. Describe the principles involved in transfer of the injured patient between institutions.

T R AU M A S Y S T E M S

The cost to society due to trauma is enormous. Trauma is the
leading cause of death for Americans 35 years of age and younger
[1]. Traumatic injuries are estimated to be responsible for more
than 161,000 deaths each year. In addition to mortality, trauma
is significant for number of years of productive life lost and pro-
longed or permanent disability. For every person who dies of
injury, an estimated 10 persons are hospitalized or transferred
for specialized medical care, and 178 persons are treated and
released from a hospital emergency department [1]. In 2000,
there were an estimated 1,700,000 hospital discharges with a
primary injury diagnosis [2]. The problem of injury has a pro-
found effect on individuals, families, hospitals, and society at
large because it causes tremendous medical, psychosocial, and
financial burdens [1].

Because of this, the prevention of traumatic injury and the
treatment of the acutely injured patient are public services cen-
tral to the mission of public health agencies. Trauma systems
and trauma centers are essential to providing these public ser-
vices. A trauma system is a preplanned, comprehensive, and
coordinated statewide and local injury response network that
includes all facilities with the capability to care for the injured
[1]. It is an organized approach to patient care in acutely injured
patients in a defined geographical system that provides full and
comprehensive care and is fully integrated with the regional
Emergency Medical Services system [3]. Its major goal is to
enhance the health of the community. Such a system should
decrease the risk and burden of traumatic disease to society in
general and to individuals in particular. This occurs through
public health assessment, policy development, and assurance
(Figure 36.1).

Both prevention programs and the performance of emer-
gent and definitive care of the acutely injured patient are integral
components of the trauma system. As more than half of trauma
deaths occur within minutes of injury and are never able to be
addressed by acute care, prevention is of paramount importance
[4]. Injury prevention activities are practiced in the majority of
trauma centers in the United States [5]. Disaster preparedness is
also an important function of a trauma system [6, 7]. The needs
of all trauma patients must be met wherever they are injured
and wherever they receive care. No facility can provide all of the
resources needed by the trauma patient in all situations. Because
of this, emphasis should be placed on the need for developing
a trauma system instead of developing only individual trauma
centers.

All trauma centers in a particular area must participate
in the planning, development, and operation of the regional
trauma system. A number of studies have suggested that treat-
ment at a trauma center or within a trauma system may be
associated with fewer preventable deaths and improved sur-
vival among the seriously injured [8–11]. These studies, how-
ever, have been inconclusive and hampered by study design
limitations. There is thus a substantial variation across states
in the number and geographic distribution of trauma centers
[12–14]. MacKenzie et al. examined differences in mortality
between Level I trauma centers and nontrauma centers and
found that the in-hospital mortality rate was significantly lower
at the trauma centers (7.6% vs. 9.5%) as was the one-year mor-
tality rate (10.4% vs. 13.8%) [15].

It is the system’s inclusiveness, or range of preplanned
trauma center and nontrauma center resource allocation, that
offers the public a cost-effective plan for injury treatment [1].
An inclusive trauma system includes all the components needed

5 6 9
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Figure 36.1. The public health approach to trauma system deployment. From U.S. Department of Health and Human Services, Health Resources
and Services Administration, Trauma-Emergency Medical Services Systems Program: Model Trauma Systems Planning and Evaluation. Available at
www.hrsa.gov/trauma/model.htm (last accessed May 28, 2007).

to optimize trauma care, including prevention, access, acute
hospital care, rehabilitation, and research activities [16]. An
exclusive trauma system focuses only on the major trauma cen-
ter. In the inclusive trauma system, the needs of the patient
will be matched to the capability of the receiving center. This
approach provides the best use of resources and matches patient
needs to the level of care provided. Severely injured patients may
have a greater inpatient survival in inclusive trauma systems
[17].

There are a number of important events that have led to
the development of modern trauma systems (Table 36.1). A
paper by the National Academy of Sciences and the National
Research Council entitled “Accidental Death and Disability: The
Neglected Disease of Modern Society” was published in 1966
[18]. This manuscript publicly announced trauma care as a
political issue. In 1973, the Emergency Medical Services Sys-
tems Act provided federal guidelines and funding for the devel-
opment of regional Emergency Medical Services systems [16].
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Table 36.1: Important Events Leading to the Development of
Modern Trauma Systems

1966 The National Academy of Sciences and the National
Research Council published “Accidental Death and
Disability: The Neglected Disease of Modern Society.”

1973 The Emergency Medical Services Systems Act provided
federal guidelines and funding for the development of
regional Emergency Medical Services systems.

1976 The guideline “Optimal Hospital Resources for the Care
of the Seriously Injured” was first developed by the
American College of Surgeons Committee on Trauma.

1980 The Advanced Trauma Life Support course was
developed by the American College of Surgeons
Committee on Trauma.

1987 The American College of Emergency Physicians
published “Guidelines for Trauma Care Systems.”

1992 The Division of Trauma and Emergency Medical
Services within the Health Resources Services
Administration published the Model Trauma Care
System Plan, meant to aid states in the development of
inclusive trauma systems.

2006 The latest American College of Surgeons Committee on
Trauma guidelines entitled “Resources for Optimal
Care of the Injured Patient” was published.

The guideline “Optimal Hospital Resources for the Care of the
Seriously Injured” was first developed by the American College
of Surgeons Committee on Trauma in 1976 and is revised peri-
odically [19]. The latest American College of Surgeons Com-
mittee on Trauma guidelines entitled “Resources for Optimal
Care of the Injured Patient” were published in 2006 [16]. This
document establishes criteria for prehospital and hospital per-
sonnel and emphasizes the need for ongoing quality improve-
ment. In 1987, the American College of Emergency Physicians
published “Guidelines for Trauma Care Systems,” which estab-
lished essential criteria for trauma systems, with an emphasis
on prehospital care [20]. In 1992 the Division of Trauma and
Emergency Medical Services within the Health Resources Ser-
vices Administration published the Model Trauma Care System
Plan that was meant to aid states in the development of inclu-
sive trauma systems [21]. The Advanced Trauma Life Support
(ATLS) course was developed by the American College of Sur-
geons Committee on Trauma in 1980 and has been taken by
more than 450,000 health care providers [22].

Civilian trauma systems were originally designed for timely
and appropriate treatment of the most seriously injured and
emulated military models for treating acutely injured service-
men [10]. It was felt that patient outcomes would improve by
ensuring the timely transfer of seriously injured patients to
centers having the necessary personnel and resources needed
to treat the patient’s injuries. Several studies have shown
an improvement in patient outcomes when experience and
resources are concentrated in a defined number of facilities
[23]. In-hospital mortality from trauma is significantly reduced

Table 36.2: Components of an Ideal Trauma System

Injury prevention

Injury control

Access to care

Prehospital care

Acute hospital care

Rehabilitation

Research

in urban areas with implementation of a trauma system. The
introduction of trauma systems has led to improved outcomes
after injury [15]. Even so, there is a great variability in the num-
ber of trauma centers per million population throughout the
United States. Also, much of the United States remains uncov-
ered by an organized trauma system [13].

Trauma centers are designated according to the level of care
provided and resources available. The trauma system is a net-
work of various levels of definitive care facilities that provide
a spectrum of care for all injured patients. Trauma centers are
evaluated and verified within the trauma system to verify that
they meet certain standards. Each effective trauma system must
have one lead hospital. This hospital should be of the highest
level available in that particular trauma system. A combination
of levels of designated trauma centers will coexist with other
acute-care facilities. The commitment to care is expected to be
the same at every trauma center level; the different levels should
only be differentiated by resource depth.

An ideal trauma system includes all the components asso-
ciated with optimal care of the injured patient, which include
injury prevention and control, access to care, prehospital care,
acute hospital care, rehabilitation, and research (Table 36.2)
[16]. The presence of a large, resource-rich trauma center is cen-
tral to such a system. Such a center optimally should include
the immediate presence of board-certified emergency physi-
cians, anesthesiologists, general surgeons, orthopedic surgeons,
and neurosurgeons. Other board-certified specialists should be
available within a short period of time if needed.

A trauma center should require a certain number of trauma
admissions per year, including the most seriously injured
patients in the system, to obtain and maintain a sufficient
degree of experience and expertise [11]. Injuries that occur
infrequently should be concentrated in the center to ensure that
they are properly treated and studied. This center should not
only be responsible for assessing care provided within its own
trauma program, but also in the system as a whole. It should
also serve as the comprehensive resource for any trauma issues
occurring throughout the system. Surgical commitment and
leadership is essential for a properly functioning trauma cen-
ter. A surgeon should be the full-time director of the trauma
program, and other surgeons should take an active role at this
center in all aspects of taking care of the injured patient, includ-
ing a performance program. The American College of Sur-
geons Committee on Trauma has developed a trauma center
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Table 36.3: Differences between Levels I–IV Trauma Centers

Level I Lead hospital and tertiary care center central to the system
Leads in all aspects of trauma care, from prevention to rehabilitation
Must admit at least 1,200 trauma patients per year or have 240 patients with an Injury

Severity Score (ISS) of greater than 15 or an average of 35 patients with an ISS of more
than 15 for all general surgeons taking trauma calls

Either an attending surgeon or a resident at the postgraduate year 4 or 5 must be
in-house 24 hours a day

Resident may begin resuscitation but may not substitute for the surgeon
Expected that the attending surgeon will be in the emergency department within 15

minutes of patient arrival
Hospital must document the presence of the attending surgeon at least 80% of the time
While on call, surgeon must be dedicated only to that center and can have no

responsibilities at another center
Backup call schedule must be available

Level II Must be 24-hour in-house availability of the attending surgeon
Resident at the postgraduate 4 or 5 year or an attending emergency physician who is part

of the trauma team may begin the resuscitation, but cannot substitute for the surgeon
Expected that the attending surgeon will be in the emergency department within 15

minutes of patient arrival
Hospital must document the presence of the attending surgeon at least 80% of the time
While on call, the surgeon must be dedicated only to that center and can have no

responsibilities at another center
Backup call schedule must be available

Level III On-call surgeon must be available in the emergency department within 30 minutes of
patient arrival

Must demonstrate a commitment to injury prevention, outreach activities to the local
community, and education to all providers involved in the care of the injured patient

Level IV Located in a rural setting
Provides initial evaluation of injured patients
24-hour emergency coverage must be available by a physician

Nontrauma
center

Delivers and regularly provides care to less severely injured patients
Exists within the trauma system

classification that is intended to assist a region in the develop-
ment (Table 36.3) [16].

A Level I trauma center usually serves as the lead hospital for
the system and is the tertiary care center central to the system
[16]. In large urban areas more than one Level I trauma center
may be needed. This type of facility must have the capability
of taking the lead in all aspects of trauma care, from preven-
tion to rehabilitation. These centers also have the responsibil-
ity of providing leadership in education, research, and system
planning. Research and prevention programs are essential for a
Level I trauma center. This center must have a surgically directed
intensive care unit and participate in the training of residents.
Qualified general surgeons are expected to participate in the
decision making, resuscitation, and operations needed for the
acutely injured patient. A Level I trauma center must admit at
least 1,200 trauma patients per year or have 240 patients with
an Injury Severity Score (ISS) of greater than 15 or an average
of 35 patients with an Injury Severity Score of more than 15
for all general surgeons taking trauma calls. The Injury Severity
Score is a system that provides a score for patients with multiple
injuries. Each injury is a measure of severity of trauma and is
calculated by taking the sum of the squares of the three highest

Abbreviated Injury Scale (AIS) scores (range, 0 to 6), allocated
to each of six body regions (head, face, chest, abdomen, extrem-
ities, and external). An Injury Severity Score of 15 or more is
commonly used to define major trauma [24].

A Level II trauma center may provide care in two distinct
situations. The first is generally in the urban environment, and
this center will then act as a supplemental center to the nearby
Level I center. The two centers should then work together to
optimize resources available for the care of the injured patient.
In a more rural environment, the Level II trauma center may act
as the lead center for the geographic area when no Level I center
is close. This hospital will then have an outreach program that
encompasses the smaller hospitals in the area. Qualified gen-
eral surgeons must participate in major therapeutic decisions,
be involved in resuscitations, participate in operations, and be
actively involved in the critical care of the injured patient.

A Level III trauma center should have the capability to per-
form the initial management of the majority of trauma patients
and have transfer agreements with the Level I and Level II
trauma centers if the needs of the patients exceed its resources.
At a Level III trauma center, a general surgeon continues to take
the lead in establishing the trauma team. General surgeons on



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-36 CUFX276-Smith-v2 May 12, 2008 18:16

T R A U M A S Y S T E M S , T R I A G E , A N D T R A N S F E R ■ 5 7 3

the trauma panel must respond to trauma team activations and
remain knowledgeable in trauma principles whether treating
patients locally or transferring patients to a higher level of care.
Level III trauma centers must also demonstrate a commitment
to injury prevention, outreach activities to the local commu-
nity, and education to all providers involved in the care of the
injured patient.

Level IV trauma centers are located in the rural setting and
supplement care within a larger trauma system. These centers
provide initial evaluation of injured patients, but most of these
will require transfer to a higher level of care. Twenty-four-hour
emergency coverage must be available by a physician, and a
well-organized resuscitation team is important. Well-designed
transfer agreements are essential.

Many “nontrauma centers” that are prepared to deliver and
regularly provide care to less severely injured patients exist
within the trauma system. If a patient with major injuries is
incorrectly triaged to one of these hospitals, transport agree-
ments must be in place to transport these patients to an appro-
priate center.

Rehabilitation is as important as prehospital and hospital
care. It is often the longest and most difficult phase of recovery
for the injured patient. The role of the rehabilitation center is
an important component of an effective trauma system.

A trauma system must monitor its performance over time
and identify areas in which improvement is needed. A sys-
temwide trauma registry is essential in ensuring that this process
is possible. A systemwide quality improvement program must
monitor the quality of care from the time of injury through
discharge from rehabilitation and identify problems and offer
solutions.

T R AU M A T R I AG E

Triage refers to the initial evaluation of patients and the deter-
mination of priorities and levels of medical care needed [3]. The
purpose of triage is to match patients with the optimal resources
necessary to adequately and efficiently manage their injuries.
The principles of modern prehospital care of the acutely injured
patient are derived from concepts developed in the military set-
ting. The management of these patients requires the identifi-
cation in the field of injuries and mechanisms of trauma that
are likely to lead to severe injuries to allow correct triage to an
appropriate facility. Triage protocols should be arranged so that
patients are transferred to the most appropriate trauma facility.
The goals of the prehospital providers are to prevent further
injury, to initiate resuscitation, and to provide safe and rapid
transport of the injured patient. The patient should be taken to
the trauma center within the system that has the most appropri-
ate resources to deal with the specific injuries the patient may
have.

The Emergency Medical Services system is responsible for
the initial care of the injured patient, and Emergency Medical
Services providers are responsible for deciding which patients
warrant transport to a trauma center, which may involve bypass-
ing a closer nontrauma hospital. If medical direction of pre-
hospital trauma care is provided by physician-directed voice
communication, this is referred to as on-line medical direction
[16]. If this is done by preexisting protocol, it is referred to as
off-line medical direction. Treatment of injured patients in the

prehospital setting consists of assessment, extrication, initiation
of resuscitation and stabilization, and rapid transport to the
nearest appropriate facility. The essential components of resus-
citation in the field should be limited to the establishment of
an airway, provision of ventilation, control of hemorrhage, sta-
bilization of fractures, and immobilization of the entire spine.
Additional time-consuming interventions should in general be
avoided. For example, an intravenous line may be started en
route to the hospital.

A trauma system should establish and monitor acceptable
rates of trauma overtriage and undertriage [16]. Overtriage
refers to a triage decision in which a minimally injured patient is
transported to a higher-level trauma center when retrospective
analysis suggests that this was not needed, whereas undertriage
refers to a triage decision in which a severely injured patient is
transported to a lower-level trauma center than required. The
viability of the trauma system thus depends on appropriate
triage, as undertriage may result in preventable mortality and
morbidity due to delays in the provision of definitive care and
overtriage, while having minimal adverse consequences for the
individual patient, may result in excessive burden for higher-
level trauma centers and thus impair the availability of care to
those who are injured most severely. In mass casualty and dis-
aster situations overtriage may result in adverse outcomes and
should be minimized.

The Centers for Disease Control recently sponsored a com-
mittee to review evidence and formulate national standards for
prehospital trauma triage (Figure 36.2) [16, 25]. This algorithm
has been published in the most recent version of “Resources for
Optimal Care of the Injured Patient.” This scheme is a four-
step evaluation process that entails (1) assessment of vital signs
and Glasgow Coma Scale score; (2) evaluation for critical injury
patterns; (3) assessment of high-energy mechanisms of trauma;
and (4) the assessment of special patient considerations, includ-
ing the extremes of age, pregnancy, anticoagulation, burns, and
end-stage renal disease. This algorithm should be used by each
trauma system to assess its own regional guidelines, ensuring
that they are evidence based and addressing local transport
challenges.

Another area of controversy involves those trauma patients
who can be declared dead in the field, thus avoiding excess
use of resources and risk to providers in transporting a non-
salvageable patient. A joint position statement of the National
Association of Emergency Medical Services Physicians and the
American College of Surgeons Committee on Trauma regard-
ing guidelines for withdrawal or termination of resuscitation in
prehospital traumatic cardiopulmonary arrest was published
in 2003 (Table 36.4) [26]. In summary, these guidelines rec-
ommend that resuscitation efforts be withheld from victims of
blunt trauma found to be apneic, pulseless, and without orga-
nized electrocardiogram (ECG) activity on the arrival of Emer-
gency Medical Services at the scene. In penetrating trauma vic-
tims found apneic and pulseless by Emergency Medical Services,
rapid assessment should be performed to assess other signs of
life, such as papillary reflexes, spontaneous movement, or orga-
nized ECG activity. If these signs of life are absent, resuscitative
measures may be withheld. Termination of resuscitative efforts
should be considered in trauma patients with Emergency Me-
dical Services-witnessed cardiopulmonary arrest and 15 min-
utes of unsuccessful efforts or if the transport time to a trauma
center is more than 15 minutes. Some of these guidelines
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Figure 36.2. Algorithm for prehospital trauma triage. Reprinted from American College of Surgeons Committee
on Trauma. Resources for the optimal care of the injured patient: 2006. Chicago: American College of Surgeons,
2006.
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Table 36.4: NAEMSP/ACSCOT Guidelines for Withholding or Termination of Resuscitation in Prehospital Traumatic
Cardiopulmonary Arrest

1. Resuscitation efforts may be withheld in any blunt trauma patient who, based on out-of-hospital personnel’s thorough primary patient
assessment, is found apneic, pulseless, and without organized electrocardiogram (ECG) activity upon the arrival of emergency medical
services (EMS) at the scene.

2. Victims of penetrating trauma found apneic and pulseless by EMS, based on their patient assessment, should be rapidly assessed for the
presence of other signs of life, such as pupillary reflexes, spontaneous movement, or organized ECG activity. If any of these signs are
present, the patient should have resuscitation performed and be transported to the nearest emergency department or trauma center. If
these signs of life are absent, resuscitation efforts may be withheld.

3. Resuscitation efforts should be withheld in victims of penetrating or blunt trauma with injuries obviously incompatible with life, such as
decapitation or hemicorporectomy.

4. Resuscitation efforts should be withheld in victims of penetrating or blunt trauma with evidence of significant time lapse since
pulselessness, including dependent lividity, rigor mortis, and decomposition.

5. Cardiopulmonary arrest patients in whom the mechanism of injury does not correlate with clinical condition, suggesting a nontraumatic
cause of the arrest, should have standard resuscitation initiated.

6. Termination of resuscitation efforts should be considered in trauma patients with EMS-witnessed cardiopulmonary arrest and 15
minutes of unsuccessful resuscitation and cardiopulmonary resuscitation (CPR).

7. Traumatic cardiopulmonary arrest patients with a transport time to an emergency department or a trauma center of more than 15
minutes after the arrest is identified may be considered nonsalvagable, and termination of resuscitation should be considered.

8. Guidelines and protocols for traumatic cardiopulmonary arrest (TCPA) patients who should be transported must be individualized for
each EMS system. Consideration should be given to factors such as the average transport time within the system, the scope of practice of
the various EMS providers within the system, and the definitive care capabilities (that is, trauma centers) within the system.

9. Special consideration must be given to victims of drowning and lightning strikes and in situations where significant hypothermia may
alter the prognosis.

10. EMS providers should be thoroughly familiar with the guidelines and protocols affecting the decision to withhold or terminate
resuscitative efforts.

11. All termination protocols should be developed and implemented under the guidance of the system EMS medical director. On-line
medical control may be necessary to determine the appropriateness of termination of resuscitation.

12. Policies and protocols for termination of resuscitation efforts must include notification of the appropriate law enforcement agencies and
notification of the medical examiner or coroner for final disposition of the body.

13. Families of the deceased should have access to resources, including clergy, social workers, and other counseling personnel, as needed.
EMS providers should have access to resources for debriefing and counseling as needed.

14. Adherence to policies and protocols governing termination of resuscitation should be monitored through a quality review system.

NAEMSP, National Association of Emergency Medical Services Physicians; ACSCOT, American College of Surgeons Committee on Trauma.

have been challenged, however, by Pickens and colleagues, who
reported rare survivors with greater than 15 minutes of car-
diopulmonary resuscitation and with a greater than 15-minute
transport time [27].

T R A N S F E R

Many patients who live in rural communities do not have imme-
diate access to a major trauma center or a regional trauma sys-
tem. These patients are therefore taken to a local community
hospital and may need to be transferred from this center to a
regional trauma center. For this reason, an essential component
of a trauma system is the development of agreements for transfer
of patients between institutions [16]. These agreements should
be drafted well in advance of the need for them and should detail
the process for transfer of patients and the means for doing so.
It is essential that once the decision for transfer has been made,
no time should be spent performing tests or procedures that
have no impact on the resuscitation or transfer process. For
example, there is no need to perform computed tomography of
the brain in a patient with a suspected brain injury if there is no

neurosurgeon available to treat this patient at the initial center.
Outcome may be improved by minimizing the time from injury
to definitive care. A regional trauma system improves the effi-
ciency of transfer of patients by having transfer agreements in
place that deal with the issue prior to acute patient need.

Once the decision to transfer has been made, it is the respon-
sibility of the referring physician to initiate resuscitation mea-
sures within the capabilities of the transferring hospital [16].
Resuscitation should be done according to ATLS principles.
Direct physician-to-physician contact is essential. The accept-
ing trauma surgeon should review the physiologic status of
the patient and discuss the optimal timing of the transfer. For
example, it may be advantageous for the patient with acute
intraabdominal hemorrhage to undergo laparotomy at the
transferring hospital to stabilize the patient prior to transfer if a
qualified surgeon and operating room resources are available
at this center.

Transferring physicians have the responsibility to iden-
tify patients needing transfer, to initiate the transfer process
by direct contact with the receiving trauma surgeon, to initi-
ate resuscitation measures within the capabilities of the facil-
ity, to determine the appropriate mode of transportation in
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consultation with the receiving surgeon, and to transfer all
records, test results, and radiologic evaluations to the receiving
facility [16]. Receiving physicians must ensure that resources are
available at the receiving facility, provide consultation regard-
ing specifics of the transfer, additional evaluation, or resuscita-
tion before transport, clarify medical control once transfer of
the patient is established, and identity a performance improve-
ment and patient safety process for transportation, allowing
feedback from the receiving trauma surgeon to the transport
team directly or at least to the medical direction for the trans-
port team.

Transfer of the trauma patient should be arranged such that
the risk to the patient is minimized throughout the transport
process. During transport qualified personnel and equipment
should be available to meet anticipated contingencies. Suffi-
cient supplies should accompany the patient during transport,
such as intravenous fluids, blood, and medications, as appro-
priate. Vital signs should be monitored frequently, and vital
functions, such as ventilation, hemodynamics, central nervous
system, and spinal protection, should be supported. Records
should be kept during transport, and communication should
be maintained with online medical direction. The trauma sys-
tem should ensure prompt transfer once a trauma decision has
been made, review all transfers for performance improvement
and patient safety, and ensure transportation commensurate
with the patient’s severity of injury.

The Consolidated Omnibus Budget Reconciliation Act
(COBRA) of 1987 imposes civil penalties on individual prac-
titioners and hospitals that fail to provide emergency care in
a timely fashion [16]. The Emergency Medical Treatment and
Labor Act was designed to prevent the transfer of patients based
solely on the patient’s ability to pay. Additional elements of
Emergency Medical Treatment and Labor Act that are relevant
to the transfer of the trauma patient include the need to iden-
tify a facility with available space and qualified personnel that
has agreed to accept the patient before beginning the transfer;
not transferring patients in hemodynamically unstable con-
dition, except for medical necessity and only after providing
medical treatment within the facility’s capacity that minimizes
risks to the patient’s health; providing appropriate transporta-
tion with a vehicle augmented with life support equipment and
staff to meet the anticipated contingencies that may arise during
transportation; sending all records, test results, radiologic stud-
ies, and other relevant reports or data with the patient to the
referring facility unless delay would increase the risks of trans-
fer, and then sending the information as soon as possible; and
issuing a physician transfer certificate and consent for transfer
to accompany the patient.

There seems to be a trend toward overtriage of patients
who might have easily been treated in an initial hospital. This
tends to overburden the Level I centers, the trauma system,
and the health care system in general. Esposito and colleagues
found a disproportionate increase in the transfer of patients
between facilities in comparison with the general increase in
trauma patients in the state of Illinois from 1999 to 2003 [28].
This trend did not seem to be accounted for by any signifi-
cant increases in injury severity or changes in payor mix. This
seemed to suggest either a reluctance or inability of the initial
hospitals to care for patients that they theoretically should be
capable of treating. This may be due to low reimbursement and
a perceived increase in medicolegal risk. When higher-level cen-

ters are overburdened with less severely injured patients, they
may be limited in their ability to allocate the appropriate med-
ical care and other resources to the trauma patients who need
this most. The overutilization of interfaculty transfer, whatever
the cause, will jeopardize patient care and efficient trauma sys-
tem function. This trend must be recognized and reversed in
the near future, recognizing issues related to the supply and
demand for services, the idea of “back transfer” or repatriation,
liability risk, insurance, and commensurate reimbursement and
provider lifestyle issues.

S U M M A RY

The mortality and morbidity attributable to trauma is recog-
nized as one of the most important public health problems
encountered in the United States. Trauma centers exist as part
of regional trauma systems to treat the injured patient. The
major goal of the trauma system is to enhance the health of the
community. Because no facility can provide all the resources
needed by the trauma patient in all situations, the need for
developing a trauma system instead of developing only individ-
ual trauma centers is apparent. Such a system decreases the risk
and burden of traumatic disease to both individuals and to soci-
ety in general. Both prevention programs and the performance
of emergent and definitive care to the acutely injured patient
are essential to the function of this system. Appropriate triage
and interhospital transfer are also essential in ensuring opti-
mal care for the injured patient. Patient outcome after injury is
significantly improved with a regional system of trauma care.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which of the following statements about trauma is incor-
rect?

a. Trauma is the leading cause of death in the first four
decades of life.

b. Trauma is recognized as one of the most important public
health problems encountered in the United States today.

c. All trauma centers in a particular area must participate
in regional trauma system planning, development, and
operation.

d. Treatment of the acutely injured patient, but not preven-
tion of injury, is central to the mission of public health
agencies.

e. The cost to society due to trauma is enormous.

2. Identify the incorrect statement regarding trauma systems.

a. The major goal of a trauma system is to enhance the
health of the community.

b. Disaster preparedness is an important function of trauma
systems.

c. Only a Level I trauma center can provide all the resources
needed by the trauma patient in all situations.

d. An inclusive trauma system includes prevention, access,
acute hospital care, rehabilitation, and research activities.

e. A trauma system should be fully integrated with the
regional Emergency Medical Services (EMS) system.
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3. Which of the following statements regarding the develop-
ment of modern trauma systems is incorrect?

a. In 1973, the Emergency Medical Services (EMS) Systems
Act provided federal guidelines and funding for the devel-
opment of regional EMS systems.

b. The National Academy of Sciences and the National
Research Council published a manuscript entitled “Acci-
dental Death and Disability: The Neglected Disease of
Modern Society” in 1966.

c. The latest American College of Surgeons Committee on
Trauma guidelines entitled “Resources for Optimal Care
of the Injured Patient” were published in 2006.

d. The Advanced Trauma Life Support (ATLS) course was
developed by the American College of Surgeons Com-
mittee on Trauma in 1980 and has been taken by more
than 450,000 health care providers.

e. The guideline “Optimal Hospital Resources for the Care
of the Seriously Injured” was first developed by the Amer-
ican College of Surgeons Committee on Trauma in 1996.

4. Which of the following statements regarding trauma sys-
tems is true?

a. Several studies have shown worsened patient outcomes
when experience and resources are concentrated in a
defined number of facilities.

b. Civilian trauma systems originally emulated military
models for treating acutely injured servicemen.

c. According to the 2002 National Assessment of State
Trauma System Development, all 50 states had at least
one critical element in place for a trauma system.

d. The introduction of trauma systems, although impor-
tant, has led to no significant reduction in the number
of preventable deaths after injury.

e. In-hospital mortality from trauma is not significantly
reduced in urban areas with implementation of a trauma
system.

5. Which of the following statements regarding trauma centers
is true?

a. The commitment to care of the trauma patient will vary
depending on the trauma center level.

b. It is preferable but not essential that a surgeon be the
full-time director of a trauma program.

c. Research and prevention programs are not essential for
a Level I trauma center.

d. A Level I trauma center must have a surgically directed
intensive care unit and participate in the training of res-
idents.

e. A Level I trauma center must admit at least 1,800 trauma
patients per year.

6. Regarding Level I trauma centers, which of the following is
incorrect?

a. In a Level I trauma center, either an attending surgeon
or a resident at the postgraduate year 4 or 5 must be
in-house 24 hours a day.

b. A senior level resident at the postgraduate year 4 or 5 may
not substitute for or independently fulfill the responsi-
bilities of the surgeon.

c. While on call at a Level I trauma center, the surgeon
must be dedicated only to that center and can have no
responsibilities at another center.

d. The hospital must document the presence of the attend-
ing surgeon 100 percent of the time.

e. This type of facility must have the capability of taking
the lead in all aspects of trauma care, from prevention to
rehabilitation.

7. Which of the following statements regarding trauma sys-
tems is incorrect?

a. At a Level III trauma center, it is not necessary that a
general surgeon takes the lead in establishing the trauma
team.

b. In a rural environment, the Level II trauma center may
act as the lead center for the geographic area when no
Level I center is close.

c. In a Level II trauma center, the maximum acceptable
response time for arrival of the attending surgeon is 15
minutes, measured from after patient arrival in the emer-
gency department.

d. Level IV trauma centers provide 24-hour emergency cov-
erage by a physician.

e. Level III trauma centers must demonstrate a commit-
ment to injury prevention, outreach activities to the local
community, and education to all providers involved in
the care of the injured patient.

8. Which of the following statements about trauma triage is
incorrect?

a. The purpose of triage is to match the patient with the
optimal resources necessary to adequately and efficiently
manage their injuries.

b. The patient should be taken to the trauma center within
the system that has the most appropriate resources to
deal with the specific injuries the patient may have.

c. If medical direction of prehospital trauma care is pro-
vided by physician-directed voice communication, this
is referred to as on-line medical direction.

d. The essential components of resuscitation in the field
should be limited to establishment of an airway, provision
of ventilation, control of hemorrhage, stabilization of
fractures, and immobilization of the spine.

e. Undertriage has minimal adverse consequences for the
patient.

9. Which of the following statements about trauma transport
is incorrect?

a. Once the decision for transfer has been made, no time
should be spent performing tests or procedures that have
no impact on the resuscitation or transfer process.

b. Outcome may be improved by minimizing the time from
injury to definitive care.

c. A regional trauma system improves the efficiency of
transfer of patients by having transfer agreements in place
that deal with the issue prior to acute patient need.

d. Once the decision to transfer has been made, it is
the responsibility of the referring physician to initiate
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resuscitation measures within the capabilities of the
transferring hospital.

e. Even if a qualified surgeon and operating room resources
are available at the transferring hospital the patient with
acute intraabdominal hemorrhage should never undergo
laparotomy prior to transfer.

10. Which of the following statements about trauma transport
is incorrect?

a. The Emergency Medical Treatment and Labor Act
(EMTALA) is designed to prevent the transfer of patients
based solely on the patient’s ability to pay.

b. The Consolidated Omnibus Budget Reconciliation Act
(COBRA) of 1987 imposes civil penalties on individual
practitioners and hospitals that fail to provide emergency
care in a timely fashion.

c. Emergency Medical Treatment and Labor Act (EMTALA)
specifies that a facility with available space and qualified
personnel agrees to accept the patient before beginning
the transfer

d. Emergency Medical Treatment and Labor Act (EMTALA)
does not allow for the transfer of patients in hemodynam-
ically unstable condition under any circumstances.

e. Emergency Medical Treatment and Labor Act (EMTALA)
mandates appropriate transportation with a vehicle aug-
mented with life support equipment and staff to meet
anticipated contingencies that may arise.
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O F S I M U L AT I O N I N T R AU M A T R A I N I N G

A N D M A N A G E M E N T

Paul Barach

Objectives
1. Discuss the team unique competencies that enable individuals to perform safely.
2. Understand experiential learning tools such as simulation in enhancing the learning of health

care providers.
3. Learn about how team training and simulation can enable safer and more reflective health care

providers.
4. Explore the role of microsystems in health care.
5. Explore the role of simulation in training and assessment of health care providers.

I N T R O D U C T I O N A N D B AC KG R O U N D

The role of effective teamwork in accomplishing complex tasks
is well accepted in many domains. Similarly, there is good evi-
dence that outcome in trauma care depends on effective trauma
team performance. Teamwork during trauma care can be defi-
cient in a number of different ways (Table 37.1), and multiple
deficiencies may interact to impair team success and patient
outcomes. This chapter focuses on understanding, assessing,
and improving trauma team performance. The need to train
and evaluate the performance of trauma teams has emerged
as an important topic during the past decade [1]. It is gener-
ally accepted that to ensure high-quality trauma care, institu-
tions must establish and continuously assess their team-based
processes for acute trauma resuscitation. This iterative evalu-
ation must include the review of the secondary management
including careful delineation of team structure, thorough and
ongoing team training, effective support structures, and con-
tinuous quality improvement. Valuable tools for trauma team
training and performance improvement, discussed in this chap-
ter, include reflective learning and debriefing, simulation and
videotape-based analysis.

Team training has a long history in aviation and the military,
and, more recently, these experiences have been translated to
health care. Studies of aviation teams reveal failures of coordi-
nation, communication, workload management, loss of group

situation awareness, and inability to use available resources [2–
4]. In thoroughly investigated adverse events, whether patient-
or aviation-related, causes of failure were similarly multifacto-
rial and complex [5–8].

Much of health care is performed by interdisciplinary
teams – individuals with diverse specialized skills focused on a
common task in a defined period of time and space, who must
respond flexibly together to contingencies and share responsi-
bility for outcomes. This is particularly true of trauma care.
Traditional specialty-centric clinical education and training
are remiss because they assume that individuals acquire ade-
quate competencies in teamwork passively without any formal
training. Performance incentives in health care are targeted at
individuals, and not at teams, as are job and other selection
and assessment processes. With a few exceptions, risk manage-
ment and liability data, morbidity and mortality conferences,
and even quality improvement projects have not systemati-
cally addressed systems factors or teamwork issues. Substan-
tial evidence suggests that teams routinely outperform indi-
viduals and are required to succeed in today’s complex work
arenas where information, wisdom, and resources are widely
distributed, technology is becoming more complicated, and
workload is increasing [9]. Our understanding of how med-
ical teams coordinate in real-life situations, especially dur-
ing time-constrained and crises situations, remains incom-
plete.

5 7 9
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Table 37.1: Problems and Pitfalls in Trauma Teamwork

Difficulties coordinating conflicting actions

Poor communication among team members

Failure of members to function as part of a team

Reluctance to question the leader or more senior team members

Failure to prioritize task demands

Conflicting occupational cultures

Failure to establish and maintain clear roles and goals

Absence of experienced team members

Inadequate number of dedicated trauma team members

Failure to establish and maintain consistent supportive
organizational infrastructure

Leaders without the “right stuff”

Modified from Schull et al. [12] and others.

T E A M S A N D T E A M WO R K

What Is a Team?

One must distinguish between a group of individuals sharing a
common task (e.g., a jury) and a team (e.g., a marching band
or a football team). A team is “a small number of people with
complementary skills who are committed to a common pur-
pose, performance goals, and approach for which they hold
themselves mutually accountable” [9]. Weick and Roberts [10]
defined medical teams as “a loosely coupled system of mutu-
ally interacting interdependent members and technology with
a shared goal of patient care.” Katzenbach and Smith [9] argued
that any performance situation that warrants a team effort must
meet three criteria: (1) collective work products must be deliv-
ered in real time by two or more people; (2) leadership roles
must shift among the members; and (3) both mutual and indi-
vidual accountability is necessary. They go on to assert that
teams must have a specific team purpose (distinct from that
of its individual members), shared performance goals, a com-
monly agreed on working approach, and, in general, use of the
team’s collective work products to evaluate the team’s perfor-
mance. Others have suggested that smaller teams (5–10 mem-
bers) are generally more effective than larger ones, partially
because of familiarity, more cross-checking, and high interde-
pendence of team member’s roles.

Thus, there are five themes associated with effective teams
(the 5 Cs [63]): Commitment, Common Goals, Competence,
Consistency (of performance), and Communication. The effec-
tive team is committed to the achievement of specified goals.
Team competence is measured across multiple dimensions and
includes technical, decision, and interpersonal skills. The diver-
sity of team members with complementary skills is a hallmark
of many effective teams, particularly when the team is required
to adapt to complex and changing circumstances. Acute-care
medical teams, including trauma teams, typically excel at the
first two Cs (i.e., commitment and common goal) and explicitly
strive for competence, but may be much less successful in their

consistency of performance (i.e., ability to sustain best prac-
tice at all times), and effectiveness of communication between
team members [11]. The very best trauma teams maintain an
intuitive understanding of the evolving processes of events (see
discussion below of team situation awareness), appreciate and
expect the unknown, and exhibit a high level of trust and respect
between members [64].

Importance of Conflict
Conflicts among members are inevitable in every team, and

many experts believe that conflict, and its successful resolution,
is essential to attaining maximal team performance [12]. The
natural tendency, especially among health care professionals, is
to avoid or gloss over conflicts. However, doing so may sew the
seeds of impaired team performance when the next challenge
arises. There are four primary conflicts inherent in teamwork
[65]. First, there are tensions between individuals and the team
as a whole in terms of goals, agenda, and the need to establish
an identity. Second, to attain optimal team performance, one
needs to foster both support and confrontation among team
members. If team members are unwilling or unable to chal-
lenge each other’s decisions respectfully, then there is a real
risk of poor team outcomes – a team devoid of conflict leads
to “group think” [66] and the acceptance of suboptimal team
decisions. Third, daily team activities must balance moment-to-
moment performance against the need to continually enhance
team learning and individual member development. Finally, the
team leader must find a balance between managerial authority,
on the one hand, and individual team member autonomy and
independence, on the other.

Teamwork Training in the Medical Domain

The trauma resuscitation microsystem is one of the most com-
plex in health care and incorporates very ill patients, a large,
diverse range of health care providers, sophisticated equipment,
and severe time constraints. The trauma team, which assem-
bles rapidly at unpredictable times, must attempt to manage
a sudden unique and chaotic situation involving one or more
patients presenting with unknown injuries.

The successful management of trauma requires effectively
coordinated prehospital care and information management fol-
lowed by transfer to a well-organized and well-prepared emer-
gency department or dedicated trauma facility. During the
trauma resuscitation, the team typically adheres to hospital pro-
tocols based on Advanced Trauma Life Support (ATLS) princi-
ples. In most modern trauma teams, multiple team members
have dedicated roles and simultaneously perform individual
patient care tasks [14, 15]. While more efficient, and leading to
more rapid resuscitation, this kind of horizontal structure re-
quires team coordination, leadership, and organizational struc-
ture [17]. Studies in advanced trauma units have highlighted the
difficulties of attaining effective teamwork, noting team break-
downs under dynamic and distracting conditions.

Trauma teams typically consist of five to ten individuals
from several clinical disciplines. Traumatologists, usually gen-
eral surgeons or emergency medicine physicians, serve as team
leaders, first responders, and other team members [16]. Air-
way management is commonly performed by anesthesiolo-
gists or emergency physicians with support from a respira-
tory therapist. Specialized trauma nurses as well as pharmacists,
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radiologic technicians, and other ancillary personnel (e.g., lab-
oratory technician, orderlies, etc.) may round out the team
together with residents in training and medical students. Pre-
defined roles (specific task allocation) and even the marking of
the physical location around the trauma patient in the trauma
bay are commonly proscribed.

Medical teams, often consisting of a multidisciplinary group
of members, might form for a single clinical event (e.g., a specific
surgical procedure) or be together for a short defined period
(typically a month or so). Not infrequently, some team mem-
bers are consistent and well defined (e.g., the intensive care unit
team) while others join on an ad hoc or an as needed basis (e.g.,
respiratory therapists, nurses, pharmacists, anesthesiologists).
Thus, a specific group of individuals do not have the opportu-
nity to work together as a fixed team for long periods of time.
This can be true of trauma teams because of the high workload
of trauma care. Further, trauma care is often provided in aca-
demic medical centers where the trainees who make up much of
the trauma team rotate on and off the team on a regular basis.
Unfortunately, research in aviation shows that non-“rostered
teams” are less effective than more stable “fixed” teams [18].
Additionally, Simon, et al. [19] have shown that rostered teams
are less likely than formed teams to call each other on safety
infractions but are more resilient and have better outcomes
when challenged

The Trauma Team Leader
The team leader’s functions may include the performance of

specific tasks such as the conduct of the primary and secondary
surveys (see Table 37.2). However, given sufficient personnel,
the team leader must assume, as quickly as possible, a super-
visory role, prioritizing and delegating tasks, and reviewing
and overseeing the team’s (and patient’s) progress throughout
the resuscitation [20]. Studies suggest that trauma teams are
less effective when the team leader spends significant time per-
forming procedures than when delegating them to other team
members. However, the team leader should have recognized
expertise in treating trauma patients and be willing and able to
intercede when other team members are not performing up to
acceptable standards or the patient deteriorates.

The team leader is also responsible for formulating (or at
least approving) the definitive treatment plan. Thus, the team
leader must quickly assimilate a large amount of disparate infor-
mation from other team members with his/her own obser-
vations. This leads to an overall assessment, which includes
decisions about therapeutic and diagnostic interventions, com-
municating with team members, coordinating consultations,
making triage decisions, and ensuring that all team members
are aware of the evolving situation.

Although skill and experience are valuable for every mem-
ber of the team, it is particularly critical for the trauma team
leader. Studies show that the presence of a single identified
trauma resuscitation team leader leads to a better secondary
survey, ATLS guideline adherence, and team coordination. Bet-
ter team coordination is achieved when the definitive treatment
plan is facilitated by a team leader that is an experienced trau-
matologist. Additionally, the personality of the team leader has
a large impact on team performance. Work by Chidester and
colleagues [21] led to a broad classification of three personal-
ity types of team leaders: “right stuff,” “wrong stuff,” and “no
stuff” (Table 37.3). Teams led by individuals with the “right

Table 37.2: The Trauma Team Leader’s Responsibilities

Know the job (e.g., know ATLS guidelines cold).

Communicate clearly and effectively, and enhance the team’s
communication.

Foster teamwork attitudes through tangible behaviors.

Keep the goals and approach relevant and focused.

Enhance the team’s knowledge and shared expectations.

Build commitment, confidence, and trust.

Remain positive and supportive, especially under adverse
conditions.

Acknowledge and manage your own limitations, and those of the
team.

Strengthen the skills of each team member, and of the team as a
whole across all performance dimensions: technical, functional,
problem solving, decision making, interpersonal, and teamwork.

Manage relationships with outsiders and remove obstacles.

Create opportunities for others to grow into leadership roles.

Lead by example.

Reward team performance and discourage individualism that
detracts from team performance.

Provide constructive feedback and opportunities for practice.

Modified from Cooper and Wakelam [17] and others. ATLS, advanced
trauma life support.

stuff” performed better than others. Team-oriented behaviors
do not come naturally in a culture that rewards individualism
above teamwork, but they can be learned and practiced.

AC Q U I R I N G E X P E R T I S E I N T H E
T R AU M A S E T T I N G

Traditional theories about how individuals and teams normally
make decisions have assumed a deliberative comparison of the
proportional risks and benefits of multiple options. However, in
the 1980s, researchers began to study the way experienced peo-
ple make decisions in their natural environments or in simula-
tions that preserve key aspects of their environments (naturalis-
tic decision theory) [22]. These studies showed that, in contrast
to “normative decision theory,” experts make real-world deci-
sions through a serial evaluation and application (“trying on”)
of options that seem appropriate to the apparent situation. Nat-
uralistic decision making (NDM) theory argues that, especially
under time pressure in complex task domains (e.g., flight land-
ing, trauma units), experts recognize situations, or their integral
components, as typical or familiar, and then respond to each
specific situation with appropriate preprogrammed, patterned
responses. Choosing the first acceptable response that comes to
them is called “recognition-primed decision making” [22, 23].
Thus, competent decision makers in complex domains are very
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Table 37.3: Team Leader Personality Types

“Right Stuff” “Wrong Stuff” “No Stuff”

Active Authoritarian Unassertive

Self-confident Arrogant Low self-confidence

Interpersonal warmth/empathy Limited warmth/empathy Moderate warmth/empathy

Competitive Impatient and irritable Noncompetitive

Prefers challenging tasks Prefers challenging tasks Low desire for challenge

Strives for excellence Strives for excellence Doesn’t strive for excellence

Modified from the work of Foshee and Helmreich [2].

concerned about quickly assessing and maintaining awareness
of the current clinical situation.

Expertise is more than simply having extensive factual
knowledge – it also includes the complementary skills and
attitudes. Experts have specific psychologic traits (e.g., self-
confidence, excellent communication skills, adaptability, risk
tolerance) and cognitive skills (e.g., highly developed attention,
sense of what is relevant, ability to identify exceptions to the
rules, flexibility to changing situations, effective performance
under stress, and ability to make decisions and initiate actions
quickly based on incomplete data). Clinical experts use highly
refined decision strategies such as dynamic feedback, decom-
posing and analyzing complex problems, and prethinking solu-
tions to tough situations [24].

A key attribute of expertise in trauma care is the ability to
anticipate or to predict what might happen to a patient given his
injuries and the resources available. Mental simulation, whereby
individuals or teams envision (simulate) a possible future clini-
cal event or clinical action before it happens, is essential to gain-
ing the expertise to make diagnoses and to perform or function
during an evolving or future real event. When expert clinicians
simulate situations and actions mentally before they undertake
them in real life, they save time and improve performance in
crucial situations (see simulation section below).

Situation Awareness

One of the most important decision-making skills in trauma
care, where data overload is the rule and the patient’s status
changes continually, is the ability to recognize clinical cues
quickly and completely, detect patterns, and set aside distracting
or unimportant data. Situation awareness (or situation assess-
ment) is a comprehensive and coherent representation of the
(patient’s) current state that is continuously updated based on
repetitive assessment [25]. Situation awareness appears to be an
essential prerequisite for safe operation of any complex dynamic
system. In the case of trauma care, establishing and maintain-
ing a “mental model” of the trauma patient and the associated
trauma unit facilities, equipment, and personnel are essential to
effective situational awareness. Successful team situation aware-
ness allows all members to converge on a shared mental model
of the situation and course of action [26]. Effective teams adapt
to changes in task requirements, anticipate each other’s actions
and needs, monitor the team’s ongoing performance, and offer
constructive feedback to other team members [27]. When team

members share a common mental model of the team’s ongo-
ing activities, each may “instinctively” know what each of their
teammates will do next (and why), and often communicate their
intentions and needs nonverbally (sometimes called implicit
communication).

A S Y S T E M AT I C A P P R OAC H T O T H E
E VA LUAT I O N O F T E A M WO R K T R A I N I N G

Assessing team performance is key to understanding ways to
improve team performance and increase patient safety (see
Table 37.4). There is an ongoing argument in the literature
that team process and outcomes must be distinguished [28].
Process is defined by the activities, strategies, responses, and
behaviors employed by the team during task accomplishment,
while outcomes are the clinical outcomes of the patients cared
for by the team. Process measures are important for training
when the purpose of performance measurement is to diagnose
performance problems and to provide feedback to trainees.
Until recently, the medical community has focused more on
outcomes than on process. Medical educators have begun to
appreciate the competencies that define effective team pro-
cesses. The key is to identify and measure processes that are
directly related to patient outcomes (e.g., successful resuscita-
tion). Perhaps most importantly, the results of the assessment
must be translatable into specific feedback that will enhance
team performance [67].

There are a variety of methods to evaluate team perfor-
mance including debriefing with or without the use of video-
taping, simulation with or without standardized patients, and
the use of trained observers. Although metrics are available in
nonmedical domains, there are very few well-defined validated
metrics to assess competency in complex clinical team activi-
ties such as trauma resuscitation. No rigorous evaluation studies
have been undertaken that relate the training experience with
actual clinical outcomes thereby validating metrics for assessing
team performance.

Simulations that use pre-scripted learner-focused scenarios
not only ensure that relevant competencies are being assessed,
but also ease the assessment process because instructors know
when key events will occur [68]. Evaluation must provide a
basis for diagnosing skill deficiencies. In other words, it is not
enough that a simulation captures performance outcomes; it
must also evaluate the process of moment-to-moment actions
and reactions to help better design effective care.
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Table 37.4: Questions to Ask When Assessing a Trauma Team’s
Performance

Is the team the right size and composition?

Are there adequate levels of complementary skills?

Is there a shared goal for the team?

Does everyone understand the team goals?

Has a set of performance goals been agreed upon?

Do the team members hold one another accountable for the
group’s results?

Are there shared protocols and performance ground rules?

Is there mutual respect and trust between team members?

Do team members communicate effectively?

Do team members know and appreciate each other’s roles and
responsibilities?

When one team member is absent or not able to perform their
assigned tasks, are other team members able to pitch in or help
appropriately?

Videoanalysis of Trauma Care

Videotaping team performance can be a tremendously valuable
training tool because it removes any factual challenge, helps
trainees clearly visualize the event, and can be used as a perma-
nent record or as an archive for future educational activities.
Beginning with the experience of Hoyt et al. in the late 1980s
[29], videotaping and review of resuscitations has become a
standard quality assurance method for many trauma centers.
Subsequent work has confirmed benefits from improved team
education and training, more efficient and accurate quality
assurance (QA) processes, interventions to improve care pro-
cesses, and better patient survival [21, 30]. In a study of simu-
lated anesthetic crises, trainees’ review of videotape of the events
led to decreases in “time to treat” and workload in subsequent
simulations [31]. Recently, Scherer et al. [32] found that video-
based feedback of trauma resuscitations reduced disposition
time by 50 percent.

However, videotaping of patient care requires overcom-
ing substantial obstacles including medicolegal, confidentiality,
logistical and resource issues, and analytical limitations [33,
34]. Nevertheless, the ability of multiple instructors to score
performance from videotape allows the evaluation of the relia-
bility of performance assessment metrics. In a simulation-based
study, investigators used videotape to develop and assess a sys-
tematic rating system of behavioral and clinical markers with
the objective of creating effective team-training and assessment
programs [35].

S I M U L AT I O N F O R T R AU M A T E A M
T R A I N I N G A N D A S S E S S M E N T

There are substantial ethical and educational limitations to the
use of patients for the clinical training of individuals and teams.
The opportunities to learn and practice desired responses to

Table 37.5: Essential Skills in Trauma Crew Resource
Management Courses

Adaptability

Prioritization of tasks

Shared situation awareness and distribution of the workload

Team communication before and after patient arrival

Mobilization and use of all resources in the trauma bay that extends
to the operating room, intensive care unit, and diagnostic facilities

Performance monitoring and cross-checking of data and team
functions

Command, communication, and coordination of feedback

Leadership and management of the team members ability to accept
leadership

Willingness to challenge each other and resolve conflict

Adapted, in part, from “The Role of the Team Leader”. Team Training Series,
Book 3. Naval Air Warfare Center Training Systems Division, Orlando, FL,
and others.

uncommon events or types of injuries can be quite limited, even
in a busy trauma center. In fact, actual trauma resuscitations are
not optimal training opportunities because patient care takes
precedence over teaching. Moreover, trauma resuscitations may
occur in an uncontrolled environment under time pressure con-
straints. Societal and regulatory pressures will increasingly limit
the use of real patients, especially critically ill ones, for hands-
on clinical training. Simulation has been widely touted as a tool
to improve clinical care through enhanced training and evalua-
tion. Simulations can include patient actors (e.g., standardized
patients [36]), PC-based partial task trainers [37], or full-scale
realistic patient simulation [38] (discussed below). Simulation
is an essential training tool in almost every other high-risk
domain including aviation, space flight, military operations,
nuclear and hydroelectric power generation, ground and sea
transportation, and chemical process control [39].

There are many benefits of medical simulation and crew
resource management (Table 37.5). Simulations can permit
clinicians to learn new or improve old techniques safely and eco-
nomically without posing harm to patients or to trainees [38,
40]. Simulations can be controlled and modulated according
to a team’s needs [40]. Decision-making skills can be embed-
ded into the scenario to train for reasoning, meta-cognition,
risk assessment skills, and responsiveness to adverse events.
Guided practice with video-based feedback that incorporates
measures of performance can be considered managed expe-
rience [42]. Lessons taught in a realistic simulation environ-
ment may be retained better, due to the required active learning
and focused concentration, greater emotional intensity of the
experience, and its direct association with real-world clinical
events. Thus, trauma teams can train, evaluate, and credential
providers before letting them join clinical activities.

Recent literature has begun to provide evidence for the
value of realistic patient simulation (RPS) to train and evaluate
trauma teams [43]. A study by Holcomb et al. [44] evaluated
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ten three-trainee teams before and after a one-month trauma
center rotation using RPS scenarios. The teams showed signifi-
cant improvement on multiple measures of technical skill, sup-
porting the face validity of RPS-based technical performance
assessment. Lee et al. [45] conducted a prospective random-
ized, controlled trial of surgical interns’ trauma assessment and
management skills after using either RPS or moulage practice
training sessions. RPS-trained interns scored higher on trauma
assessment skills and on the management of an acute neurologic
event.

R E A L I S T I C PAT I E N T S I M U L AT I O N

Realistic patient simulators are fully interactive physical simu-
lations in which the device’s responses to clinical interventions
are scripted to be realistic. In the highest-fidelity simulators,
the mannequin’s response is based on detailed physiologic and
pharmacologic computer models. The goal is for the simulator
to respond to clinical interventions similar to how a patient
would respond. Thus, the participant interacts with a realis-
tic cognitive and physical representation of the full acute-care
environment and thereby experiences emotional and physio-
logic responses similar to those experienced in real patient-
care situations [46]. Realistic patient simulators consist of a
computer-controlled system and a plastic patient mannequin
that generates physiologic signals such as electrocardiogram,
invasive and noninvasive blood pressure, lung sounds, and pal-
pable pulses, which allows for realistic airway management [38,
46]. The mannequin’s head contains a speaker so that the partic-
ipant can converse with the patient when contextually appropri-
ate. Participants can query the operator as needed concerning
physical signs not reproduced by the mannequin, such as skin
color and diaphoresis. There are multiple technical, financial,
and methodologic issues that affect the design and implemen-
tation of realistic patient simulation-based training programs
[38, 47]. Nonetheless, patient simulators have facilitated study
of the response to critical incidents, the occurrence of medical
error, the role of teamwork, and the effects of other factors on
clinical performance.

Scenario Design

Oser and colleagues [48] have outlined specific steps for devel-
oping simulated scenarios for eliciting team behaviors. First,
skill inventories and historical performance data are reviewed
to identify what needs to be measured. Identifying the core
measurement objectives builds content validity into the sce-
nario. Second, scenario events are created that provide specific
reproducible opportunities to observe performance related to
the objectives chosen. Third, performance measures are devel-
oped that accurately and reliably assess performance on the
objectives. Measures should have the ability to describe what
happened (i.e., outcome measures) in addition to describing
why certain outcomes were or were not attained (i.e., process
measures).

Simulation Training

A typical simulation-based training course will include some
kind of pretest, some preparatory didactics (lecture, web, or

hands-on demonstrations), the performance of one or more
standardized scripted scenario(s) that are videotaped, postsim-
ulation videotape-based debriefing, and a posttraining evalua-
tion of both the trainee and the training experience. The debrief-
ing is the most important experience, especially when doing
multidisciplinary team training [49]. Debriefing should occur
immediately after each simulation scenario and not uncom-
monly lasts longer than the scenario itself. Participants debrief
together as a team with peers giving feedback.

O R G A N I Z AT I O N A L E N V I R O N M E N T – T H E
R O L E O F M I C R O S Y S T E M S

Teams exist within the context of a system. A system is a set of
interacting, interrelated, or independent elements that work
together in a particular environment to perform the func-
tions that are required to achieve a specific aim [50]. A clinical
microsystem is a group of clinicians and staff working together
with a shared clinical purpose to provide care for a population
of patients [51]. The clinical purpose and its setting define the
essential components of the microsystem, which include clini-
cians, patients, and support staff; information and technology;
and specific care processes and behaviors that are required to
provide care. The best microsystems evolve over time, as they
respond to the needs of their patients and providers, as well as
to the external pressures such as regulatory requirements. They
often coexist with other microsystems within a larger (macro)
organization, such as a hospital.

The conceptual theory of the clinical microsystem is based
on ideas developed by Deming [52] and others. Deming applied
systems thinking to organizational development, leadership,
and improvement. The seminal idea for the clinical microsys-
tem stems from the work of James Quinn [53]. Quinn’s work
is based on analyzing the world’s best-of-best service orga-
nizations, such as FedEx, Mary Kay Cosmetics, McDonald’s,
and Nordstrom. Quinn focused on determining what these
extraordinary organizations were doing to achieve high quality,
explosive growth, high margins, and robust consumer loyalty.
He found that these leading service organizations organized
around, and continually engineered, the front-line relation-
ships that connected the needs of customers with the organi-
zation’s core competency. Quinn called this front-line activity
that embedded the service delivery process the smallest replica-
ble unit or the minimum replicable unit. This smallest replicable
unit, or the microsystem, is the key to implementing effective
strategy, information technology, and safe practices.

In the late 1990s, Donaldson and Mohr investigated high-
performing clinical microsystems [54]. The research was based
on a national search for the highest-quality clinical microsys-
tems. Forty-three clinical units were identified using a theo-
retical sampling methodology. Semistructured interviews were
conducted with leaders from each of the microsystems. Addi-
tional research built on the Donaldson and Mohr study in
which 20 case studies of high-performing microsystems were
collected and included on-site interviews with every member
of the microsystem and analysis of individual microsystem per-
formance data [55]. The analysis of the interviews suggested
that ten dimensions, shown in Table 37.6, were associated with
effective and successful microsystems.
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Table 37.6: Ten Dimensions of Clinical Microsystems

1. Leadership
2. Organizational support of clinicians
3. Staff focus
4. Education and training
5. Interdependence of team members
6. Patient focus
7. Community and market focus
8. Performance results
9. Process improvement

10. Information and information technology

I N C O R P O R AT I O N O F T E A M WO R K
P R O T O C O L S

The most common factor cited as causing failures in teamwork
is lack of effective communication. One issue that deserves
investigation is the extent to which standardized communi-
cation protocols, similar to those used in military and avia-
tion environments, can enhance teamwork and improve patient
safety. In observations focused on handoffs from the intraop-
erative to postoperative team [56], as well as intensive care unit
(ICU) handoffs from operating room team members [57], there
was no consistency in the information that was transferred nor
in the order in which it was transferred. The result was that
important information was sometimes omitted. Recipients did
not detect the missing information because they did not have the
scaffolding that a standard briefing protocol with an expected
set of parameters would provide. Issues raised by these studies
include the need for organizing research on the types of errors
that providers are susceptible to during the sign-out process,
roles of personality, experience, and cultural factors, particu-
larly as they may affect the incoming provider’s inquisitiveness,
and the potential impact on patient care of various methods of
signing out. A standardized handoff protocol could decrease
the cognitive burden on the recipients of the information
[69].

O R G A N I Z AT I O N A L E N V I R O N M E N T

In complex organizations and environments, teams do not exist
in isolation. The performance of individual teams, as well as the
team’s attitudes toward patient safety, is a function of the milieu,
or the culture, in which the team works. Thus, the effectiveness
of any particular team cannot be properly assessed without
considering the larger system within which the team functions.
Teams make up a microsystem that also includes the knowl-
edge, equipment, and work tasks. The microsystem concept
is based on an understanding of systems theory coupled with
Quinn’s [53] theory of a smallest replicable unit. Nelson and
his colleagues [58] have described the essential elements of a
microsystem as (1) a core team of health care professionals; (2)
a defined population they care for; (3) an information environ-
ment to support the work of caregivers and patients; and (4)

support staff, equipment, and work environment. The appro-
priate level of analysis for improving quality and safety of care
is the health care microsystem. Linking performance and out-
come data to the microsystem model provides a helpful way to
identify potential areas for improvement that does not focus on
the individual, but instead on the system that is producing the
processes and outcomes of care [59, 60]. The microsystem does
not focus exclusively on outcomes; rather, it gives compara-
ble attention to processes and structure, to the linkages among
them, and to how processes and structures interact to respond
to and meet the needs of the patient population [61].

In a hospital environment, small teams, such as operating
teams, coordinate with other teams within the perioperative
microsystem environment that are involved in patient care, and
these teams are embedded within larger teams that are directly
and indirectly involved in patient care. When looking at the
effectiveness of teamwork training for patient safety, one must
know how training is supported and reinforced by the orga-
nization in which it occurs. Factors that need to be addressed
include:

■ Organizational climate: Does the organizational cul-
ture support striving for patient safety? Does it allow
for nonpunitive reporting of problems and near
misses?

■ Organizational support: Is time for training provided
whereby trainees are temporarily relieved of their regu-
lar duties? Is training viewed as more than just a neces-
sary checkmark? Is teamwork training widespread and
rewarded across the organization?

■ Extent of training. Does the organization only train
isolated teams? Does the training of perioperative
teams incorporate the “wider” perioperative team (e.g.,
including for example, blood bank, radiology)?

T R A I N I N G A P P R OAC H A N D Q UA L I T Y

There are a number of factors that have an impact on the effec-
tiveness of team training, including:

■ Training protocol: How is training achieved? What
methods are used to impart knowledge? How are prac-
tice and feedback incorporated into training?

■ Trainer skill: Is the individual who is in charge of leading
the training and providing feedback adequately trained?

■ Practice medium and method: How is practice carried
out? What simulation environment is used (i.e., man-
nequin, virtual, video)? How much practice is given? It
is possible that a teamwork training program that does
not yield improvements in teamwork may be pedagog-
ically sound, but may require more opportunities for
practice and feedback in order to show quantitatively
detectable improvements?

■ Training intensity: Is it more effective to conduct train-
ing over a short time period (e.g., 1–2 days) or to
conduct training over a longer time period (e.g., 2–3
hours per week for several weeks)? Which is less dis-
ruptive for the trainees and for the system in which they
work?
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R E S E A R C H R E C O M M E N DAT I O N S

For teamwork skills to be assessed and have credibility, team per-
formance measures must be grounded in team theory, account
for individual and team-level performance, capture team pro-
cess and outcomes, adhere to standards for reliability and valid-
ity, and address real or perceived barriers to measurement [62].
Based on an analysis of the current state of the art in medical
teamwork training, as well as consideration of the pragmatic
aspects of conducting a training program, a number of guide-
lines and recommendations for research on teamwork training
effectiveness can be made. The recommendations are organized
into those that can be achieved in nearer-term research and
those that can be considered after the initial research phase is
well under way.

N E A R E R - T E R M R E C O M M E N DAT I O N S

■ Clearly specify the training objectives. What knowledge,
skills, and attitudes (KSAs) are being trained?

■ Design scenarios that link scenario events to training
objectives. These scenarios could be developed from
reported team errors or near misses in which specified
teamwork skills were lacking. Ensure that the scenario
includes events that trigger trainees to perform the spe-
cific competencies targeted for training in that scen-
ario.

■ Describe a set of scenarios that can be used to evaluate
the effectiveness of varying training programs. Specify
the training objectives that each scenario is suitable for
evaluating.

■ Develop and apply observer-based measures of team-
work process to medical teams. This will allow resear-
chers to assess whether and, if so, which teamwork KSAs
improve with training.

■ Support multiple research studies in which training is
evaluated using a common set of scenarios and common
measurement instruments.

■ Support training oriented to multidisciplinary teams
so that medical team members train in the teamwork
context in which they work.

■ Train intact teams. In later phases, study whether train-
ing carries over to participation in newly formed teams.

L O N G E R - T E R M C O N S I D E R AT I O N S

■ Introduce declarative and procedural knowledge related
to the critical components of teamwork early, and rein-
force this knowledge throughout the health care pro-
fessional school curriculum.

■ Study the effect of incorporating into training commu-
nication protocols (such as readback and a standard-
ized communication form for handoffs) for enhancing
communication and team situation awareness.

■ Carry out similar training in multiple environments to
assess the effects of organizational factors on training
effectiveness.

■ Research training factors (such as amount of prac-
tice and quality of feedback) that impact the degree

to which teamwork training is effective in promoting
high-quality patient care and patient safety.

■ The licensure and board certification process should
assess and regulate health care providers teamwork-
related competence.

■ Assess the role of simulation in advancing team training
and patient safety.

C O N C LU S I O N S

Teams make fewer mistakes than do individuals, especially when
each team member knows his or her responsibilities, as well as
those of the other team members. However, simply bringing
individuals together to perform a specified task does not auto-
matically ensure that they will function as a team. Trauma team-
work depends on a willingness of clinicians from diverse back-
grounds to cooperate toward a shared goal, communicate, work
together effectively, and improve. Each team member must be
able to: (1) anticipate the needs of the others; (2) adjust to each
other’s actions and to the changing environment; (3) moni-
tor each other’s activities and distribute workload dynamically;
and (4) have a shared understanding of accepted processes,
and how events and actions should proceed (shared mental
model).

Teams outperform individuals especially when perfor-
mance requires multiple diverse skills, time constraints, judg-
ment, and experience. Nevertheless, most people in health care
overlook team-based opportunities for improvement because
training and infrastructure are designed around individuals and
incentives are all individual based. Teams with clear goals and
effective communication strategies can adjust to new informa-
tion with speed and effectiveness to enhance real-time problem
solving. Individual behaviors change on a team more readily
because team identity is less threatened by change than are indi-
viduals. Behavioral attributes of effective teamwork, including
enhanced interpersonal skills learned on the trauma team, can
extend to other clinical arenas.

Turning trauma care experts into expert trauma teams
requires substantial planning and practice. There is a natural
resistance to move beyond individual roles and accountability
to the team mindset. One can facilitate this commitment by:
(1) fostering a shared awareness of each member’s tasks and
role on the team through cross-training and other team train-
ing modalities; (2) training members in specific teamwork skills
such as communication, situation awareness, leadership, “fol-
lowership,” resource allocation, and adaptability; (3) conduct-
ing team training in simulated scenarios with a focus on both
team behaviors and technical skills; (4) training trauma team
leaders in the necessary leadership competencies to build and
maintain effective teams; and (5) establishing and consistently
utilizing reliable methods of team performance evaluation and
rapid feedback.

The roadmap for future research must include how team-
work training should be structured, delivered, and evaluated to
optimize patient safety in the perioperative setting. For team-
work skills to be assessed and have credibility, team perfor-
mance measures must be grounded in team theory, account for
individual and team-level performance, capture team process
and outcomes, adhere to standards for reliability and validity,
and address real or perceived barriers to measurement. The
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interdisciplinary nature of work in the perioperative environ-
ment and the necessity of cooperation among the team mem-
bers play an important role in enabling patient safety and avoid-
ing errors.

AC K N O W L E D G M E N T S

This chapter is partially based on Barach P, Weinger M. Trauma
team performance. In Wilson WC, Grande CM, Hoyt DB, ed.
Trauma: Resuscitation, Anesthesia, & Critical Care. New York:
Marcel Dekker, Inc, 2006 and on Entin E, Lei F, Barach P. Team-
work Skills Training for Patient Safety in the Peri-operative
Environment: A Research Agenda. Surg Innovat 2006;3:3–13.

M U LT I P L E C H O I C E Q U E S T I O N S

1. Which statements concerning the identification of medical
errors and adverse events are true?

a. Machines consistently identify medical errors better than
human reporting.

b. Voluntary reporting of adverse events is known to under-
report the incidence and severity of these events.

c. Fear of consequences is the likely cause of most underre-
ported adverse events.

d. None of the above.
e. All of the above

2. Which of the following are examples of simulators?

a. Autopsies
b. Computer-controlled anesthesia mannequins
c. The symbol above Target stores
d. Screen-based flight simulator
e. All of the above

3. The following has been proved about simulators:

a. Practicing in a simulator improves clinical outcomes.
b. Practicing in a simulator saves lives.
c. Practicing in a simulator improves performance in a sim-

ulator.
d. All of the above.
e. None of the above.

4. Disasters are fun to analyze because:

a. We keep finding new ways to create disasters.
b. They make great shows on National Geographic and the

Learning Channel.
c. Analyzing them helps us identify patterns of mistakes.
d. All of the above.
e. None of the above.

5. Computerized Physician Order Entry is advocated for
patient safety because the physicians who actively enter data
into a computer:

a. Can have immediate access to electronic medical refer-
ences during data entry.

b. Can be presented with patient care reminders that reduce
errors of omission.

c. Can be offered real-time decision support during data
entry to reduce errors.

d. All of the above.

6. Medication errors are a blend of:

a. Human error and human fallibility
b. Human error and system error
c. System error and cybernetic failures
d. Human error, system error, and design failure
e. None of the above

7. Medication errors

a. Account for at least 7,000 deaths annually
b. Account for more than 7,000 deaths annually
c. Account for less than 7,000 deaths annually
d. Are the most frequent medically adverse event and

account for more than 7,000 deaths annually
e. None of the above

8. Choose one theme that is not associated with effective
teams.

a. Commitment
b. Common goals
c. Corporate goals
d. Competence
e. Communication

9. When assessing a trauma team’s performance what is not
essential to look for:

a. Is the team the right size and composition?
b. Has a set of performance goals been agreed upon?
c. Is there mutual respect and trust between team members?
d. Do team members communicate effectively?
e. Do the team members get paid enough?

10. What are the trauma team leader’s responsibilities? Which
two answers are incorrect?

a. Know the job (e.g., know ATLS guidelines cold).
b. Be attractive
c. Communicate clearly and effectively, and enhance the

team’s communication.
d. Foster teamwork attitudes through tangible behaviors.
e. Build commitment, confidence, and trust.
f. Remain positive and supportive, especially under adverse

conditions.
g. Acknowledge and manage your own limitations, and

those of the team.
h. Manage relationships with outsiders and remove obsta-

cles.
i. Be the physically strongest member

11. What are not essential dimensions of microsystems?
Choose two answers:
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a. Organizational support
b. Staff focus
c. Education and training
d. Interdependence
e. Doctorate level training
f. Patient focus
g. Performance results
h. Information and information technology
i. Great location

A N S W E R S

1. e
2. e
3. c
4. c

5. d
6. d
7. d
8. c

9. e
10. b, i
11. e, i
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158–160
chest radiograph, 158
diagnostic laparoscopy, 160
DPL, 156, 159
emergency thoracotomy, 160
exploratory laparotomy, 158, 160
FAST, 158–159
pelvis radiograph, 158
proctosigmoidoscopy, 160
retrograde urethrogram, 160
TEE, 159

abdominal trauma, preparation for
anesthesia/surgery, 162–163

definitive airway establishment/confirmation,
162

intravenous access, 162
lab/radiographic review, 163
monitoring for major surgery, 163
positioning for surgery, 163
pre-operative volume status evaluation, 162

abdominal trauma, surgical considerations, 166
atrial-caval shunt placement, 166
damage control, 166

exploratory laparotomy, 166
Pringle maneuver, 166

“Accidental Death and Disability: The Neglected
Disease of Modern Society” (National
Academy of Sciences and National
Research Council), 570

accidental hypothermia, 453–456
definitions/physiological consequences, 453
treatment options

for hypothermic cardiac arrest w/asphyxia,
456

for hypothermic cardiac arrest w/o
asphyxia, 456

for intact circulation, 453–456
acetaminophen (Paracetamol), 529–531. See also

nitroxyparacetamol
(nitroacetaminophen)

for burn injuries, 339
for headaches, 559
oral dose ceiling effect, 529
for pediatric pain management, 384–385
rectal suppository form, 529–531

acetylcholine, 144
and burn injuries, 336
upregulation in spinal cord injury, 222

acetylcholinesterase, 144, 150
acid-base abnormalities, 112
acidosis. See metabolic acidosis
ACS (American College of Surgeons), 59, 75,

159, 217, 318, 571
acute lung injury (ALI). See also transfusion

related acute lung injury (TRALI)
body positioning for, 467
development risks, 465
discouragement of spontaneous breathing,

467
and metabolic acidosis, 293
transfusion related acute lung injury (TRALI),

112, 440
Acute Physiology and Chronic Health Evaluation

II, 106
acute respiratory distress syndrome (ARDS)

body positioning for, 467
in burn injuries, 316, 335
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acute respiratory distress syndrome
(ARDS) (Cont.)

and coagulopathy, 109
discouragement of spontaneous breathing,

467
increase of, via vasopressor/inotrope usages,

175
and intracranial pressure, 95
mechanical ventilation for, 466–467
in multiply-injured patients, 226
as post-cardiothoracic trauma complication,

295
in pulmonary contusion, 293
and release of inflammatory mediators,

302
risk factors, 466–467
as transfusion complication, 111–112
treatments for, 335

adjuvant therapy
pharmacological agents, 481–482

clonidine, 482
hyaluronidase, 482
ketamine, 482
neostigmine, 482
non-depolarizing muscle relaxants, 482
NSAIDS, 482
opioids, 482
sodium bicarbonate, 482
tramadol, 482
vasoconstrictors, 482
verapamil, 482

to shock, 64–65
body temperature preservation,

64–65
hyperchloremic metabolic acidosis,

avoidance, 65
hyperglycemia treatment, 65
plasma composition monitoring, 65
pro-/anti-inflammatory agents, 65

Advanced Cardiac Life Support® (ACLS®)
protocol, 12, 288

Advanced Trauma Life Support (American
College of Surgeons), 217

Advanced Trauma Life Support® (ATLS®)
protocol. See also ABCs of Advanced
Trauma Life Support® (ATLS®)

for burn injuries, 315
development of ATLS protocols, 225
and FAST, 159
framework provided by, 59
obtaining vascular access, 69
recommendations for role of FAST, 159
for spinal cord trauma, 207
steps of sequence, 10
volume deficit protocol, 101

aging, physiology of, 392–395
autonomic nervous system, 392
cardiovascular system, 392–394
central nervous system, 394–395
pharmacological alterations, 395
pulmonary system, 394
renal function, 394

AIMS (Australian Incident Monitoring Study),
81, 84, 86

air bag related injuries, 1
airway management

for abdominal trauma, 162

for burn injuries, 315–316, 322–324
with C-spine control, for pediatric patients,

367–371
for catastrophic hemorrhage, 346–347
for emergency dept. thoracotomy, 263
examination principles, 15–16

abbreviated exam, 16
11 step Benumof exam, 15
Mallampati classification, 15

for pregnant trauma patients, 409–410
for spinal cord injuries, 217
for traumatic brain injury, 174–175
treatment modalities, 325

airway management, conventional, 16–21
laryngeal mask airway (LMA), 9, 16–17
mask ventilation, 16
oropharyngeal/nasopharyngeal airways, 16
patient prep/positioning, 16
rigid direct laryngoscopy, 18–21

drug-assisted intubation w/spontaneous
ventilation, 20–21

in-line cervical immobilization, 18–19
RSI principles, 19

modified technique, 19–20
airway management, difficult airway. See also

Difficult Airway Algorithm
awake techniques, 21
blind intubation techniques, 28–31

light wand, 29
nasal intubation, 28–29
retrograde wire, 31

definition, 13–15
historical indicators, 14
pathologic/anatomic predictors,

14–15
regional anesthesia, 31
unstable, uncooperative, apneic patients,

21–28
esophageal tracheal Combitube, 9, 21
laryngeal mask airway, 9, 16–17, 21–25
rigid bronchoscope, 25
surgical options

cricothyroidotomy, open, 26–27
cricothyroidotomy, percutaneous,

25–26
tracheostomy, 27–28
transtracheal jet ventilation, 25

airway management, equipment and drug
preparation, 9–13

functioning intravenous catheter, 12
monitoring/ETT confirmation devices, 12
oxygen, 10–11

hypoxia treatment, 10
preoxygenation, 10–11

portable equipment storage unit, 12–13
suction, 11
vasopressors/inotropes, 12
ventilation and intubation equipment, 11

ETTs, 11
facemasks, 11, 16
laryngoscope, 11
nasal airways, 11

airway management, fiberoptic bronchoscopy
fiberoptic intubation technique, 33–35

awake nasal technique, 33–35
oral technique, 35

local anesthesia/vasoconstriction, 32–33

techniques/pitfalls, 31–35
patient preparation

analgesia, sedation, antisialagogue,
32

FOB positioning, 32
local anesthesia/vasoconstriction, 32–33

patient selection, 31–32
alcohol/narcotics

and maternal trauma, 404
and motor vehicle related injuries, 1

alfentanil, 351, 363
alpha-2 agonists, 536, 552. See also clonidine
American Academy of Neurology, 558
American College of Surgeons (ACS), 59, 75, 571
American Heart Association, 76, 453
American Red Cross, 111–112
American Society of Anesthesiologists (ASA)

Closed Systems database, 9
Committee of Professional Liability, 81
Difficult Airway Algorithm, 9, 35–49
endorsement of Benumof 11 step airway

exam, 15
hemoglobin transfusion guidelines, 108
“Standards for Basic Anesthetic Monitoring,”

81
American Spinal Injury Association (ASIA), 205,

215
analgesia. See also fentanyl; ketamine;

trichloroethylene analgesia
for abdominal trauma, 163
for burn injuries, 339
conduction block analgesia, 248
interpleural analgesia, 473
multimodal analgesia, 472
for orthopedic trauma

epidural anesthesia, 251, 253–254
nerve block anesthesia, 254–256
patient controlled analgesia, 254

patient-controlled analgesia (PCA), 339, 385
thoracic epidural analgesia (TEA), 287
for traumatic brain injury, 191, 193

anatomy/physiology
of aging, 392–395

autonomic nervous system, 392
cardiovascular system, 392–394
pulmonary system, 394
renal function, 394

blunt cardiac trauma, 264–267
brain, pediatric patients, 189
bronchial anatomy, 304
cardiovascular system, 325–326
great vessel trauma, 269–270
penetrating cardiac trauma, 261
respiratory system, 324–325
spinal cord, 213
thorax, 279

Anderson, P. A., 207
anesthetic management

for blunt cardiac trauma, 281
for blunt thoracic aortic injury, 285–287
for burn injuries

induction/maintenance, 335–336
pharmacokinetics/pharmacodynamics,

335
for penetrating cardiac trauma, 281
and perioperative hypothermia, 446–448
for pregnant trauma patients, 409



P1: OSO/OVY P2: OSO/OVY QC: OSO/OVY T1: OSO Printer: Yet To Come

CUFX276-ind CUFX276-Smith-v2 June 11, 2008 22:24

I N D E X ■ 5 9 3

anesthetic management, for abdominal trauma
induction/maintenance, 163–164

general anesthesia, 163–164
induction principles, 163–164
maintenance, 164

neuraxial regional anesthesia, 164
preparation for anesthesia/surgery, 162–163

definitive airway
establishment/confirmation, 162

intravenous access, 162
lab/radiographic review, 163
monitoring for major surgery, 163
positioning for surgery, 163
pre-operative volume status evaluation, 162

anesthetic management, for military injuries, 348
monitoring, 355
planning, 349–350
regional anesthesia, 352–354

in thromboprophylaxis, 354–355
techniques, 350
types of anesthesia, 350

general, using volatile agents, 350–351
recipe example, 351–352

ketamine, 352
total intravenous anesthesia, 351

anesthetic management, for noncardiac thoracic
trauma, 290–294

esophageal rupture, 293–294
flail chest, 293
laryngeal injury, 290–291
massive hemothorax, 292
open pneumothorax, 292
pulmonary contusion, 292–293
rib, sternum, scapular fractures, 294
tension pneumothorax, 291–292
tracheobronchial injury, 291
traumatic asphyxia, 293

anesthetic management, for orthopedic trauma
early fracture fixation, 245–246

implications, 246
pelvic stabilization, 246

postoperative care, 254–256
continuous epidural analgesia, 254
nerve block anesthesia, 254–256
patient controlled analgesia, 254

risk factors, 246–248
age, 246–247
body mass index (BMI), 247–248
intoxication, 248
trauma (itself), 246

trauma scenarios, 249–254
battle casualties, 249
blood loss/hemodynamic monitoring,

252–253
compartment syndrome, 253
fat embolism, 253–254
hip fractures, 249
pelvic fractures, 249–251
spinal injuries, 251–252

anesthetic management, for pediatric patients,
374–380

emergence/postoperative conditions, 380
induction of anesthesia, 375–377
intraoperative management, 374–375
maintenance of anesthesia, 377–380

maximum allowable blood loss calculation,
379

monitoring, 375
preoperative evaluation, 374

anesthetic management, for spinal cord trauma
anesthetic induction, 220
anesthetic technique, 220–221
complications, 222

late issues, 222
postoperative visual loss, 222

anesthetic management, for TBI, 180–182
emergent surgery, 180–182

neurosurgical, 180–181
non-neurosurgical, 181–182

non-emergent surgery, 182
anesthetic management, regional techniques

brachial plexus block
around clavicle, 474–475
axillary, 475

complications, 482–485
compartmental syndrome, 484–485
diaphragm weakness, 484
Horner’s syndrome, 484
infections, 485
intravascular injection, 484
pneumothorax, 484
technical issues, 485
vascular injury, 484

epidural opioids, 477
fascia iliaca block, 476
femoral nerve block, 475–476
fracture infiltrations, 477
head and neck blocks, 477
interscalene brachial plexus block, 474
IV regional anesthesia, 133, 476–477
limitations of, 485–487
lower limb

fascia iliaca block, 476
lumbar plexus block, 475
psoas compartment block, 475
saphenous nerve block, 476
sciatic nerve block, 476

ankle block, 476
nerve localization techniques

nerve stimulators, 480
ultrasound guidance, 480–481

patient follow-up, 487
at home, 487–492

pharmacological adjuvants, 481–482
clonidine, 482
hyaluronidase, 482
ketamine, 482
neostigmine, 482
non-depolarizing muscle relaxants, 482
NSAIDS, 482
opioids, 482
sodium bicarbonate, 482
tramadol, 482
vasoconstrictors, 482
verapamil, 482

recent advances, 492
special trauma types

blunt chest trauma, 479
burn injuries, 479
complex regional pain syndrome, 480
digit reimplantation, 480
hip/femoral fractures, 479
phantom limb/stump pain, 479–480
traumatic brain injury, 480

upper limb nerve blocks, 473
wrist blocks, 475

anesthetics, IV, 133, 476–477
dangerous uses, 135
pump based, disadvantages, 351

anterior ischemic optic neuropathy (AION),
363–364

anterior spinal cord syndrome, 205
antibiotics, topical

advances in, 319
for burn injuries, 331–332

anticholinesterase agents
edrophonium, 150–151
neostigmine, 150
pyridostigmine, 151

aortic hematomas, 287
aortic transection, thoracic. See blunt thoracic

aortic injury
APACHE II, 107
apnea

and preoxygenation, 10–11
techniques for difficult airway patients,

21–28
ARDS (acute respiratory distress syndrome), 95,

226
arrow-induced trauma, 5
arterial pulse contour analysis, 89–92
arterial vessels, blunt injury, 287
asphyxia, traumatic, 293
atracurium, 148–149
Aubaniac, R. L., 73
Australian and New Zealand College of

Anaesthetists (ANZCA), 81
Australian Incident Monitoring Study (AIMS),

81, 84, 86
autonomic nervous system

and aging, 392
role in complex regional pain syndrome, 550

back-up rescue modalities, 9
bag-mask ventilation, 13
basilar skull fracture, 16, 45, 172, 371, 452
battle casualties, 128, 249, 348, 351
Battlefield Advanced Trauma Life Support

(BATLS) 2005™ course, 343, 345, 346.
See also ABCs of Advanced Trauma
Life Support® (ATLS®)

Beck’s triad, 261, 281
Benumof, J. L., 35
Benumof 11 step airway exam, 15
benzodiazepines

co-administration with ketamine, 336, 534
influence on breathing, 248
interference with SSEP, 251
IV use, 133
postoperative use, 339
titration in for amnesia, 164

Bickell, W. H., 157
bispectral index (BIS), 95–96
blast injuries, 6, 287–289

anesthetic considerations, 288–289
surgical considerations, 289

blind intubation techniques, 28–31
light wand, 29
nasal intubation, 28–29
retrograde wire, 31

blood gas analysis, 83–84, 92, 249, 334, 375
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blood loss
blood spectrum index, 134
changes in PKs/PDs, clinical implications,

135–138
resuscitation, 136–138

impact on etomidate/ketamine, 139–140
opioids for hemorrhagic shock, 138
pharmacodynamics, 134–135
pharmacokinetics, 133–135
propofol use, 133–134

blood spectrum index (BIS)
in blood loss, 134

propofol use, 133–134
blood therapy. See also Jehovah’s Witnesses;

massive transfusion protocol (MTP)
citrate intoxication, hyperkalemia, acid-bas

abnormalities, 112
coagulation factors and platelets, 108–109

coagulopathy, 124, 128, 433–434
thrombin burst, 109, 128

cryoprecipitate/factor concentrate
indications, 108

microvascular bleeding, 108
monitoring prothrombin time, activated

partial thromboplastin time,
fibrinogen, 108

VIIa (FVIIa) treatment, 109, 124
hemolytic transfusion reactions, 112
infection risks, 113
microaggregates, 112
platelet function analyzers (PFAs), 128
red cell transfusions, 106–108

ASA guidelines, 108
complications, 110–112

warmers, 450–451
blunt abdominal trauma, 156

FAST examination in, 159
in pediatric patients, 383
radiograph of pelvis in, 158
seatbelt sign indicator, 156
use of TEE, 522–523

blunt cardiac trauma (myocardial contusion),
264–269, 280–281

anatomy/physiology, 264–267
anesthetic management, 281
and cardiac dysrhythmia, 281
clinical features, 267–268
CPR as causative, 280
diagnostic strategies, 268–269, 281

cardiac enzymes, 268
echocardiography, 268
electrocardiogram, 268
management, 268–269

and sinus tachycardia, 268, 281
use of TEE, 281, 523

blunt thoracic aortic injury, 272–274, 283–285
anesthetic considerations, 285–287

cardiac β-adrenergic blockade, 285
dexmedetomidine, 286
esmolol/sodium nitroprusside, 285
fenoldopam, 285–286
nicardipine, 285

arterial vessel injury, 287
clamp-and-sew, 272
DeBakey classification, 283–284
diagnostic modalities, 284–285
lower body perfusion, 272–273

surgical approach, 285, 287
thoracic endovascular repair, 273–274

Bohlman, H. J., 207
bone fractures, 4. See also musculoskeletal

emergencies; musculoskeletal trauma
displaced femoral neck fracture/young adults,

236
femoral neck fractures, 239
hip/femoral fractures, pain management, 479
hip fractures, 249
of hips, in elderly patients, 395–397
intertrochanteric fractures, 239
of long bone, 231–232
mandible, 419, 424f

classification, 419, 421f
treatment, 421, 424f

midface, 422–427
classifications, 422, 427f

frontal sinus, 426
naso-orbital ethmoid, 426
nose, 425
zygoma, 425–426

treatment, 426–427
pelvis, 249–251

and abdominal trauma, 162
bleeding problems, 231
mortality, 231

role of COX-2-selective inhibitors, 532
thoracic

rib, sternum, scapula, 294
stability/alignment resuscitation, 226

vertebra, 559–561
brain. See also traumatic brain injury (TBI)

of children, anatomy, 189
intracranial pressure, 151

fluid resuscitation, 103
monitoring, 95, 176–177

and shock, 55–56
tissue oxygenation, for TBI, 177–178

bronchoscopy, fiberoptic, 304
Brown-Sequard syndrome, 205
bullet-induced trauma, 6

in abdominal trauma, 156–157
wounding effect variables, 5–6

burn injuries, 4
asphyxiating agents

carbon monoxide, 315–316, 324
cyanide, 316, 324–325

assessment/resuscitation, 315–318
airway/breath management, 315–316,

322–324
circulation, 316
complications, 319
early burn excision, 319–320
first 24 hours, 318
fluids, 316–318, 325–326
urinary output, 318

escharotomy, 319, 332
mortality factors, 330
pathophysiology, 314–315, 322–328

airway, 322–324
cardiac physiology, 325–326
gastrointestinal function/nutrition,

326–327
hematologic changes, 326
immune suppression, 327
liver function, 326

metabolism, electrolyte abnormalities,
thermoregulation, 327

renal function, 327–328
respiratory physiology, 324–325

pharmacological care, 319
EMLA® cream, 537
mafenide acetate cream, 319
nonopioid adjuvants, 537
opioids, 537
silver sulfadiazine, 319
topical anesthetics, 537

in pregnant patients, 405–406
types of, 328–330

abuse-related, 329
chemical, 328–329
electrical, 328
grease, 329

burn injuries, surgical considerations,
alternative skin care management, 333
escharotomies, 332
grafting/excision, 332–333
intraoperative management, 333–337

anesthesia
induction/maintenance, 335–336
pharmacokinetics/pharmacodynamics,

335
blood loss estimation, fluid resuscitation,

336–337
monitors and Foley catheter, 333–334
thermal regulation, 334
ventilation, 334–335

postoperative management, 337–339
continued sedation/analgesia, 339
extubation criteria/tracheotomy placement,

337–338
transport and monitors, 338–339

preoperative management, 328–331
blood platelet preparation, 331
burn types, 328–330
fasting guidelines, 328
history/physical, 328
intravenous access, 330
labs, 330
pre-medication, 330

topical wound care, 331–332

cannabinoid-1 (CB-1) receptor, 529
cannulation

femoral vein, 70–72
internal jugular vein, 72–73
ipsilateral brachial/axillary artery, 286
peripheral arterial cannulation, 75–76
peripheral intravenous catheters, 69
risks of, 373, 459
subclavian vein, 73–75
ultrasound guided cannulation, 499

carbon monoxide poisoning, 315–316, 324, 405
cardiac β-adrenergic blockade, for aortic

transection, 285
cardiac contusion, 55
cardiac output (depressed) with hypovolemia,

143–144
cardiac tamponade, 93, 261, 523–524
cardiac trauma, etiologies, 260–269, 280–283.

See also great vessel trauma
blunt cardiac trauma,. 264–269, 280–281

anatomy/physiology, 264–267
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clinical features, 267–268
diagnostic strategies, 268–269

cardiac enzymes, 268
echocardiography, 268
electrocardiogram, 268
management, 268–269

electrical injury, 269
iatrogenic cardiac injury, 269
intracardiac missiles, 269
metabolic cardiac injury, 269
penetrating cardiac trauma, 260–264,

281–283
anatomy/physiology, 261
cardiac tamponade, 93, 261
clinical features, 261–262
diagnostic strategies, 262

central venous pressure measurements,
262

pericardiocentesis, 262
subxiphoid pericardial window, 262
ultrasonography, 262

management, 262–264
hemorrhage control/surgical mgt.,

263–264
initial, in emergency dept., 262
thoracotomy, airway control/anesthesia,

263
thoracotomy, in emergency dept., 263
thoracotomy, surgical techniques, 263

cardiopulmonary resuscitation (CPR)
for cardiac arrest, 263
as causative for blunt cardiac trauma, 280
and femoral venous access, 70
for postmortem delivery, 161, 411–413
for pregnancy, 161, 411–413

complications, 412–413
cardiovascular system

of critically ill patients, 50
early assessment, importance of, 228
of elderly patients, 392–394
of pregnant patients, 403–404
support for, after cardiothoracic trauma,

295
catheters

catheter related sepsis, 76
central venous catheters, 70–73
functioning intravenous catheter, 12
IV catheters, 35f, 157, 162
PA catheter, 93–94
peripheral intravenous (PIV) catheters, 69
subclavian vein, 74
ultrasound insertion guidance, 74
ventriculostomy, 95

cellular hypoperfusion, 55–56
Centers for Disease Control (CDC), trauma

triage standards, 573
central nervous system

aggravation via glucose-containing solutions,
102

and aging, 394–395
and hypothermia, 222
influence of fat globules, 254
polytrauma involvement, 471
response to burn injuries, 327
resuscitation principle, 348
and SSEPs, 96

central spinal cord syndrome, 205

central venous catheters, 70–73
femoral vein cannulation, 70–72
internal jugular vein cannulation, 72–73

central venous pressure (CVP)
monitoring, 92–94

in acute traumatic cardiac tamponade, 262
PA catheter, 93–94

during pregnancy, 403
cerebral hematoma/contusion, 173
cerebral oximetry, monitoring, 96–97
cerebral perfusion pressure management, for

TBI, 178
cerebrovascular accident, 4
cervical spine control

and airway management, for pediatric
patients, 367–371

for catastrophic hemorrhage, 346–347
burns, 347
cervical collars, 346
laryngoscopy and collars, 346–347
simple first, 346
tracheal compression, 347

in pregnant trauma patients, 409
cervical stenosis, congenital, 202
cervical vascular injuries, blunt abdominal

trauma association, 156
cesarean delivery

peri-mortem delivery, 412–413
postmortem, 161

CPR for, 411–413
Four Minute Rule, 162

chemical tracheobronchitis, 316
chest injuries, 4, 72, 238

and abdominal trauma, 162
diagnostic difficulty, 347
epidural analgesia vs. PCA, 479
flail chest, 293
and hemothorax, 383
and intracardiac missiles, 269
pediatric vs. adult, 383

chest radiography, 61, 73, 158, 262, 281, 392
Chiari malformation, 372
child abuse

and dental trauma, 418
and head trauma, 187, 380
and mortality/long-term morbidity, 367
and retinal hemorrhages, 187

circulation, monitoring
arterial pulse contour analysis, 89–92
blood pressure, 89
electrocardiogram, 87
traumatic brain injury, 175

cisatracurium, 149
citrate intoxication, 112
clonidine

adjuvant in regional anesthesia, 482, 536
for complex regional pain syndrome, 552
protective effect on IOP, 363
vs. dexmedetomidine, 286

Closed Systems database (ASA), 9
coagulation factors and platelets, 108–109

coagulopathy, 124, 128, 433–434
for TBI, 179
thrombin burst, 109, 128

cryoprecipitate/factor concentrate indications,
108

microvascular bleeding, 108

monitoring prothrombin time, activated
partial thromboplastin time,
fibrinogen, 108

VIIa (FVIIa) treatment, 109, 124
coagulopathy

and ARDS, 109
coagulation factors and platelets, 124, 128,

433–434
FVIIa treatment, 109
mortality associations, 110, 348
and MTP, 124, 128
and TBI, 179
and trauma triad of death, 433–434
traumatic coagulopathy syndrome, 460

Cochrane Database meta-analysis, 397
Combitube (esophageal tracheal Combitube), 9,

21
compartmental syndrome

in abdominal trauma, 167–168
in burn injuries, 319
complications, in regional anesthesia, 484–485
in musculoskeletal trauma, 234–235
in orthopedic trauma, 246, 253
as postoperative ICU consideration, 167
with traumatized extremity, 353

complex regional pain syndrome (CRPS), 480,
548–554

defined, 548
interventional management, 554
pathophysiology, 551–552
patient evaluation, 548–551
treatment, 552

complications
of abdominal trauma, 167–168
of blood transfusions, 110–112
of catheterization

brachial artery, 76
coronary artery, 269
jugular vein, 73
PA catheters, 94, 221
subclavian vein, 74

of cesarean with pregnant trauma patients,
412–413

with continuous epidural analgesia, 254
of damage control surgery, 438–439
of FVIIa treatment, 109
intubation, emergency complications, 49–51
of regional anesthesia, 482–485

compartmental syndrome, 484–485
diaphragm weakness, 484
Horner’s syndrome, 484
infections, 485
intravascular injection, 484
pneumothorax, 484
spine surgery, 222
technical issues, 485
vascular injury, 484

of resuscitation, in burn injuries, 319
of trocar misplacement, 160

computed tomography (CT) scans
for abdominal trauma, 156, 159–160

in pediatric patients, 382
helical (spiral), for aortic transection, 284–285
for pediatric C-spine injury, 372
for TBI, 175–176

conduction block anesthesia, 248
Confusion Assessment Method, 394–395
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congenital cervical stenosis, 202
continuous arteriovenous re-warming (CAVR),

459
continuous intraarterial blood gas monitoring

(CI-ABGM), 83
continuous positive airway pressure (CPAP), 302
contraindications

to blind nasal intubation, 28
to cricoid pressure, 376
to dexmedetomidine, 286
to endotracheal intubation, 422
to FOB-assisted intubation, 31
of intraosseous device placement, 77
of light wand, 29
of LMA, 25
to maxillomandibular fixation, 422
to nasotracheal intubation, 371
to nitrous oxide, 291
to regional blockade, 385
to sniffing position, in C-spine injury, 16
of spinal/epidural anesthesia, 164, 235, 254
of subclavian catheter placement, 74
of succinylcholine, 146, 377
to succinylcholine, 144, 146, 153, 377
of TEE probe placement, 283
to tympanic membrane probes, 452
to video-assisted thorascopic surgery, 289

contusion, 173–174. See also blunt cardiac
trauma (myocardial contusion)

cardiac, 55–56, 87
pulmonary, 11, 20, 92, 292–293

conus medularis injury, 204
Cookgas® ILA, 23–24
COX-2-selective inhibitors (coxibs), 531

reduction of algesic flare, 532
role in bone/wound healing, 532

craniectomy, decompressive, for TBI, 180
CRASH steroid trial, for TBI, 180
cricothyroidotomy

in burn injuries, 347
on emergency basis, 291
open, 26–27
in pediatric patients, 371
percutaneous, 25–26
in pregnant trauma patients, 409

crystalloids, 102–103
administration, for persistent hypotension,

158
vs. colloids, 103–104

in TBI, 179
Cullen sign (periumbilical ecchymosis), 158
Cushing triad, 187
cyanide poisoning, 316, 324–325
cyclo-oxygenase (COX), 529

NSAIDs inhibition of, 531

damage control surgery (DCS), 431–432
communication, importance of, 439–440
complications of, 438–439

abdominal compartmental syndrome,
438–439

four phases of, 436–441
1: emergency department, 436–437
2: operating room, 437–438
3: intensive care unit, 439
4: operating room/definitive surgery,

440–441

and ICU treatment, for trauma-associated
hypothermia, 460

resuscitation endpoints, monitoring of, 439
trauma triad of death, 432–435

acidosis, 434–435
coagulopathy, 433–434
hypothermia, 433

Daniel, K. R., 393
DeBakey classification system, 283–284
decamethonium, 144
decompressive craniectomy

for refractory intracranial hypertension, 381
for TBI, 173, 180, 194

delirium
behaviors of, 394
Confusion Assessment Method,

394–395
and hip fractures, 397

Deming, W. E., 584
dentoalveolar injuries, 417–419
dexmedetomidine, 32, 536

for anesthetic management aortic transection,
286

for burn injuries, 339
contraindications to, 286
nasal, for sedation in children, 536
for treatment of cocaine intoxication, 248
uses of, 339

diabetes
and arterial cannulation choice, 75
and brain injuries/SIADH, 179
and perioperative ION, 364
as shock trigger, 55

diagnostic laparoscopy (DL), for abdominal
trauma, 160

diagnostic peritoneal lavage (DPL)
for abdominal trauma, 156, 159

in pediatric patients, 382
vs. FAST, 159

DIC (disseminated intravascular coagulation),
161, 433

Difficult Airway Algorithm, 9, 35–49
awake limb, 37
recognition of difficult airway, 37
trauma modification, 37

difficult intubation scenarios, 38–49
airway compression, 45–49
airway disruption, 44–45
cervical spine injury, 41–44
maxillofacial trauma, 45
TBI intoxication, 38–41

uncooperative/unstable/“anesthetized” limb,
37

diffuse axonal injury (DAI), 173–174, 189
dilutional thrombocytopenia, 108, 433
disseminated intravascular coagulation (DIC),

161, 433
Donaldson, M.S., 584
double lumen tubes (DLTs), 305–306
Down’s syndrome, 372
doxacurium, 150
DPL. See diagnostic peritoneal lavage (DPL)
Duffy, B. J., 70
Dutton, R. P., 109

EAST Practice Management Guidelines Work
Group (EAST Workgroup), 397–399

echocardiography, 97
for blunt cardiac trauma, 268, 281
for circulation monitoring, 81, 92
for hemodynamic state definition, 228
for intracardial missiles, 269
tamponade features, 262
transesophageal (TEE), 94, 101, 159, 271
vs. invasive pressure monitoring, 517
vs. PA catheter, 93

edrophonium, 150–151
elderly trauma. See also Cochrane Database

meta-analysis; Major Trauma
Outcome Study; Practice Management
Guideline for the Geriatric Patient
(EAST Workgroup)

aging, physiology of, 392–395
autonomic nervous system, 392
cardiovascular system, 392–394
central nervous system, 394–395
pharmacological alterations, 395
pulmonary system, 394
renal function, 394

falls, 4
trauma care, 395–399

hip fractures, 395–397
multi-system patients, 397–399

electrical injury, 269
electroencephalogram (EEG), monitoring, 95
electrolyte disturbance, in TBI, 179
11 step Benumof airway exam, 15
Emergency Medical Services system, 569–570,

573
Emergency Medical Services Systems Act, 570
emergency thoracotomy, 160, 260, 269, 290
EMLA® cream, 537
end-tidal CO2 analysis, 81, 84–85, 334, 372
endotracheal intubation, 13
endotracheal tubes (ETTs), 301, 370–371
Entonox, 536
epidural anesthesia, 251, 253–254, 294, 395
epidural hematoma, 173
epidural opioids, 477
escharotomies, for burn injuries, 319, 332
esmolol

for anesthetic management aortic transection,
285

esophageal rupture, 293–294
esophageal-tracheal-Combitube, 9, 21
esophageal-tracheal-Combitube (ETT)

blind nasal intubation placement, 28–29
confirmation devices, 11–12
light wand nasal intubation placement, 29
and LMAs, 23, 27f
retrograde wire placement, 31

etomidate
impact of blood loss, 139–140

ETTs. See endotracheal tubes (ETTs)
European Brain Injury Consortium, 182
European Resuscitation Council (ERC), 453
euthermia, maintenance of, 94
evoked potentials, monitoring, 96

motor evoked potentials, 96
somatosensory evoked potentials, 96

exploratory laparotomy, for abdominal trauma,
158, 166

eye trauma
associated injuries, 361–363
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ischemic optic neuropathy, 363
ophthalmologic evaluation, 361
pediatric considerations, 361–362
succinylcholine, 362–363
timing of surgery, 362

current knowledge/controversies
blood loss, 364
hypotension, 364
perioperative ION, 363

defined, 360
incidence, 360
intraocular pressure changes, venous

hemodynamics, 364–365

facemasks, 11, 16
facial trauma, 4
Factor VIIa treatment, 109, 124, 127
falls, 4
FAST. See Focused Assessment with Sonography

for Trauma (FAST)
Fastrach™ LMA, 23
Federal Bureau of Investigation’s Uniform Crime

Reporting Program, 1
fenoldopam

for anesthetic management aortic transection,
285

fentanyl, 138, 221, 363, 378
fiberoptic bronchoscopy, 304, 404

fiberoptic intubation technique, 33–35
awake nasal technique, 33–35
oral technique, 35

local anesthesia/vasoconstriction, 32–33
patient preparation

local anesthesia/vasoconstriction, 32–33
techniques/pitfalls, 31–35

patient preparation
analgesia, sedation, antisialagogue, 32
FOB positioning, 32
local anesthesia/vasoconstriction, 32–33

patient selection, 31–32
fiberoptic laryngoscopy, 41, 322–323
fibrinogen/fibrin degradation, monitoring of,

108
field anesthesia and military injury. See also

Battlefield Advanced Trauma Life
Support (BATLS) 2005™ course

anesthetic considerations, 348
monitoring, 355
planning, 349–350
regional anesthesia, 352–354

in thromboprophylaxis, 354–355
techniques, 350
types of anesthesia, 350

general, using volatile agents, 350–351
recipe example, 351–352
total intravenous anesthesia, 351

ballistic casualty resuscitation, 346
improved explosive devices (IED), 346
sniping, 346

catastrophic hemorrhage, 346–347
airway/cervical spine control, 346–347
breathing, 347
circulation/hemorrhage control, 347–348
disability, 348
environment, 348
hemostatic resuscitation, 348

military environment, 343–346

approach to deployed medicine/surgery,
344–345

casualty density, 344
dangers to field medical units, 343–344
environmental austerity, 344
populations description, 345
receiving casualties, 345

clinical preparation, 345
information passage/task allocation, 345
logistic preparation, 345

special considerations, 345–346
supply limitations, 344

firearm-gunshot deaths/wounds, 4, 261
flail chest, 293
flank ecchymosis (Grey-Turner sign), 158
fluid and blood therapy. See also coagulation

factors and platelets; Jehovah’s
Witnesses

blood and fluid warmers, 113
blood options

citrate intoxication, hyperkalemia,
acid-base abnormalities, 112

coagulation factors and platelets, 108–109
hemolytic transfusion reactions, 112
infection risks, 113
microaggregates, 112
red cell transfusions, 106–108

ASA guidelines, 108
complications, 110–112
massive transfusions, 109–110

for burn resuscitation, 316–318, 325–326
endpoints of resuscitation, 113
fluid options

colloids
different formulations, 104–105
vs. crystalloids, 103–104

crystalloids, 102–103
fluid resuscitation, timing/aggressiveness,

101–102
hypertonic fluids, 105–106
warmers, 450–451

FOB-assisted intubation, 17, 23, 31
contraindications, 31

Focused Assessment with Sonography for
Trauma (FAST). See also
transesophageal echocardiography
(TEE); ultrasound

for abdominal trauma, 156, 158–159, 514
in pediatric patients, 382

basics of
detection of pleural effusion, 521–522
detection of pneumothorax, 520–521
type of machine, 519–520

for penetrating cardiac trauma, 262
for thoracic trauma, 262

forced air-warming techniques, for hypothermia,
449

Four Minute Rule, for cesarean delivery, 162
Frank-Starling curve, 89–90, 393
Frass, Michael, 21
front-end pharmacokinetics, 143
functioning intravenous catheter, 12
FVIIa treatment, of coagulopathy, 109

gantacurium, 148
gas analysis, inhaled/exhaled, 84
geriatric trauma patients. See elderly trauma

Glasgow Coma Scale (GCS), 106, 181, 399
and cerebral hematoma/contusion, 173
cerebral hypoxia correlation, 97
description,
and hypothermia, 457
in TBI, 41, 106, 180, 188

and BIS levels, 96
glycemic control

as standard of care, 222
for TBI, 179

Goris, R. J., 226
grafting and excision, for burn injuries

surgical considerations, 332–333
blood loss estimation, fluid resuscitation,

336–337
use of NDMRs, 336

great vessel trauma, 269–272, 283–287. See also
cardiac trauma, etiologies

anatomy/physiology, 269–270, 279
blast injuries, 287–289

anesthetic considerations, 288–289
surgical considerations, 289

blunt injuries
anesthetic considerations, 285–287

cardiac β-adrenergic blockade, 285
dexmedetomidine, 286
esmolol/SNP, 285
fenoldopam, 285–286

of arterial vessels, 287
surgical consideration, 287
thoracic aortic injury, 272–274, 283–285

clamp-and-sew, 272
lower body perfusion, 272–273
thoracic endovascular repair, 273–274

clinical features, 270
diagnostic strategies, 270–271

management, 271–272
open surgery, 272
penetrating injuries, 287

Grey-Turner sign (flank ecchymosis), 158
“Guidelines for Trauma Care Systems”

(American College of Emergency
Physicians), 571

Gulur, P., 397
gunshot wounds (GSWs), 4, 156–157, 208

of heart, 283
vs. stab wounds, 261, 280, 383

Hagen-Poiseuille’s Law, 69
Hague Convention (1899), 6
Hales, Stephen, 75
Halford, F., 133, 136
Hardy, Jean-François, 124
head injuries. See also traumatic brain injury

(TBI)
closed head, 4
head and neck infections, 427–428
in pediatric patients, 380–382

hematomas
aortic, 287
cerebral, 173
complications

from axillary artery catheter, 76
from jugular bulb monitoring, 96

cranial epidural, 380
epidural, 173, 254
intracranial, 380
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hematomas (Cont.)
mesenteric, 161
pelvic, 250
periorbital, 45
retroperitoneal, 161, 438
septal, 425
and stab wounds, 14
subdural, 172–173, 380
supraglottic, 16
and vascular injury, 233

hemodynamic state assessment, 515–519
estimates

left atrial pressure, 516–517
left ventricular end diastolic volume,

515
Trans Gastric Mid Short Axis view,

515
systolic function, 516

states/steps, 515
hemorrhage

control/management
in pediatric trauma, 372–373
in thoracotomy, 263–264

diagnostic laparoscopic view of, 160
intraabdominal, 382
intracranial, 427
life-threatening, from long bone fractures,

231–232
oropharyngeal, 31
retroperitoneal, 155, 158
and shock, 55, 57
as shock trigger, 55
subarachnoid, 87, 105, 408
from subclavian artery puncture, 74
as trigger of peripheral vasoconstriction, 58

hemothorax, massive, 292
hibernation, role of, 445
hip fractures, 395–397
Hippala, S. T., 126
Hirshberg, A., 125
Horner’s syndrome, 484
hyaluronidase, 482
hyperchloremic metabolic acidosis, 65, 102
hyperkalemia, 112
hyperosmolar therapy, in pediatric TBI, 192–193
hypertonic fluids, 105–106
hyperventilation, in pediatric TBI, 193
hypnotics, sedative, 133, 143
hypoperfusion, cellular, 55–56
hypothermia, 112, 433. See also

thermoregulation/thermal
management

avoidance of, 94
fluid/blood warmers, 450–451
forced air-warming techniques, 449
perioperative hypothermia, 446–448, 457–458
rewarming techniques, 433, 448–449, 459
role of “hibernation,” 445
in shock, 56
in TBI, 179–180

pediatric TBI, 193–194
temperature monitoring, 451–453

hypothermia, accidental, 453–456
definitions/physiological consequences, 453
treatment options

for hypothermic cardiac arrest w/asphyxia,
456

for hypothermic cardiac arrest w/o
asphyxia, 456

for intact circulation, 453–456
hypothermia, trauma-associated, 456–460

clinical implications, prevention, rewarming
options, 458–460

damage control surgery/ICU treatment, 460
definitions, predisposing factors, incidence,

456–458
hypovolemia

and depressed cardiac output, 143–144
and trauma triad of death, 432–435

coagulopathy, 433–434
hypothermia, 433
metabolic acidosis, 434–435

hypoxemia, 10
and one-lung ventilation, 302

hypoxic pulmonary vasoconstriction (HPV),
301–302

iatrogenic cardiac injury, 269
imbretil, 144
immune system

effects of inadequate analgesia, 528
effects of opioids, 533
and hypothermia, 433

inflammation
in acute respiratory distress syndrome, 302
in massive transfusion protocol, 123
in multiple organ failure, 229, 433
peripheral, and induction of COX-2, 471
pro-/anti-inflammatory agents, for shock, 65
systemic inflammatory response syndrome,

58, 229, 433
in TBI, in children, 191

inhaled/exhaled gas analysis, 84
Injury Severity Score (ISS), 226
intermittent prone positioning therapy (IPPT),

469
International Headache Society, 558
International Liaison Committee of

Resuscitation (ILCOR), 453
interventional radiology, for damage control in

severe trauma, 435–436
intracardiac missiles, 269
intracranial hematomas, 380
intracranial pressure (ICP), 151

effect of barbiturates, 180
monitoring, in intracranial pressure, 176–177
monitoring of, 95
in pediatric TBI

Cushing triad, 187
monitoring, 191

variance in pediatric patients, 380
intraocular pressure (IOP), 362
intraosseous (IO) access, for vascular access,

76–77
intubation

for anesthesia, 152
blind intubation techniques, 28–31

light wand, 29
nasal intubation, 28–29
retrograde wire, 31

difficult intubation scenarios, 38–49
airway compression, 45–49
airway disruption, 44–45
cervical spine injury, 41–44

maxillofacial trauma, 45
TBI intoxication, 38–41

drug-assisted, w/spontaneous ventilation,
20–21

in emergency setting, 151–152
burns, 323–324
extensive trauma, 152
first line drug, 151
full stomach, 152
open eye injury, 151
raised intracranial pressure, 151
spinal cord injury, 152
succinylcholine alternatives, 152

endotracheal intubation, 13
failed, and succinylcholine, 147
FOB-assisted intubation, 23
intubation difficulty, defined, 13–14
for pregnant trauma patients, 409
rapid sequence induction, 143
rapid sequence intubation, 11

modified technique, 19–20
principles, 19

for traumatic brain injury, 38–41
intubation, emergency complications, 49–51

aspiration of gastric contents, 51
cervical spine injury creation, 51
failure to intubate/ventilate, 49
hemodynamic compromise, 49–50

hypotension following induction/
intubation, causes, 50–51

decreased PaCO2, 51
decreased right ventricular preload and

increased right ventricular afterload, 51
direct myocardial depression and

vasodilation, 50–51
loss of consciousness, 50

pre-induction increases of catecholamines,
causes, 50

techniques for hypotension limitation, 51
unrecognized esophageal intubation, 49–50

direct confirmation, intratracheal position,
49

end-tidal CO2 measurement, 50
indirect confirmation, intratracheal

position, 50
ION. See ischemic optic neuropathy (ION)
ischemic optic neuropathy (ION), 363

anterior (AION), 363–364
posterior (PION), 363–364
prognosis/treatment, 364–365

IV anesthetics, 133, 476–477
dangerous uses, 135
pump based, disadvantages, 351

Jehovah’s Witnesses, 107
Johnson, K. D., 226
jugular venous oxygenation, for TBI, 177

Katz, V. L., 162
ketamine

adjuvant to regional anesthesia, 482
and analgesia,
co-administration with benzodiazepines, 336,

534
impact of blood loss, 139–140
for military injuries, 352
for pediatric trauma, 385, 538
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Kitzman, D. W., 393
Kleihauer-Betke test, for abdominal trauma, in

pregnancy, 161
Klippel=Fiel syndrome, 372
Kussmaul’s sign, 261

Lakatta, E. G., 392
laparotomy (exploratory), for abdominal

trauma, 158, 160
laryngeal injury, 290–291, 315
laryngeal mask airway (LMA), 9, 16–17, 21–25,

371, 404
laryngoscopy

cervical collar, 346–347
fiberoptic, 323
rigid direct, 11, 18–21

burn patient difficulties, 324
for C-spine injury, 41, 305, 368
and intubation difficulty, 13
sniffing position, 16
and tracheal compression, in burn patients,

347
vs. fiberoptic bronchoscopy, 31

left ventricular end diastolic volume (preload),
leuokoreduced blood, 111–112
life-threatening issues

ABCDEs/ATLS criteria determination,
158

anaphylactic reactions to hydroxyethyl starch
preparations, 104

coagulopathy, 165
depolarization from succinylcholine, 144,

362–363
hemorrhage in thoraco-abdominal trauma,

162
maxillofacial w/airway obstruction, 45
musculoskeletal, 226, 229–232

long bone fractures, 231–232
pelvic ring injuries, 229–231

right atrial or CVP/RV pressure measurement
clues, 93

spinal column injuries, 213
subclavian vein catheterization complications,

74
light wand blind intubation technique, 29
LMA. See laryngeal mask airway (LMA)
low energy transfer sharp implements

knives, 5
swords, 5

lung isolation in trauma patients, 300–301.
See also respiratory physiology

one-lung ventilation (OLV)
equipment, 304–308

airway exchange catheter, 306
bronchial blockers, 306
DTTs, 305–306
endobronchial tubes, 306
ETTs, 305
Univent tubes, 307–308

and hypoxemia, management of, 302
lung isolation techniques, 303–304, 308

bronchial anatomy, 304
fiberoptic bronchoscopy, 304

physiologic effects, 301–302
postoperative ventilation, 308–310

tube exchangers, 309–310
techniques, 303–308

bronchial anatomy, 304
fiberoptic bronchoscopy, 304

volume control vs. pressure control, 302
lungs

and aging, 394
ventilator associated injury, 466

MABL calculation. See maximum allowable
blood loss (MABL) calculation

magnetic resonance imaging (MRI)
for diffuse injury, 173–174
for pediatric C-spine injury, 372
for spinal cord trauma, 208

Major Trauma Outcome Study, 398
Mallampati classification (tongue to pharyngeal

space), 15, 31
“Management of Difficult Airway” article

(Benumof), 35
mandible fractures, 419, 424f

classification, 419, 421f
treatment, 421, 424f

Marcantonio, Edward, 397
massive hemothorax, 292
massive transfusion protocol (MTP)

for abdominal trauma, 164–165
calcium treatment, 128
clotting factors vs. red blood cells, 128
concerns/risk factors

coagulopathy, 124, 128
crystalloid load, 124
Hepatitis B, 123
immune system, 123
inflammation/infection, 123

cryoprecipitate treatment, 127
definition, 122
outcomes, 130
planning phase/consultations, 122–123
platelet function analyzers/

thromboelastograms, 128
problems with, 129–130
protocol design, 128
recombinant Factor VIIa treatment, 109, 124,

127–128
successes of, 128–129

maternal resuscitation, 161
maxillofacial trauma, 45
maximum allowable blood loss (MABL)

calculation, 379
mechanical ventilation, in critically injured

patients
and acute respiratory distress syndrome,

466–467
atelectasis, 465–466
ITACCS recommendations, 468–469
non-invasive positive pressure ventilation

(NIPPV), 467
nutrition, infection source control, electrolyte

management, 468
oxygen toxicity, 468
recruitment, 467
spontaneous breathing, 467
ventilator-associated lung injury, 466

mechanism of action
of alpha-agonists, 536
neuromuscular blocking agents

depolarizing, 144
nondepolarizing, 147

of pain relief with vertebroplasty/kyphoplasty,
560

of succinylcholine, 144
MEPs (motor evoked potentials), 96
mesenteric hematomas, 161
metabolic acidosis, 60, 112, 122, 180

bicarbonate dosing reversal of, 64
and carbon monoxide poisoning, 324
in children, 192
and cyanide poisoning, 325
from excess normal saline, 378
hyperchloremic, 65, 102
from hypovolemia, 434–435
as indicator of acute lung injury, 293
and myocardial irritability, 268
and renal failure, 328
as shock severity indicator, 250
sodium bicarbonate reversal of, 411

metabolic cardiac injury, 269
microvascular bleeding, 108
midazolam, for treatment of cocaine

intoxication, 248
midface fractures, 422–427

classifications, 422, 427f
frontal sinus, 426
naso-orbital ethmoid, 426
nose, 425
zygoma, 425–426

treatment, 426–427
military anti-shock trousers (MAST), 157
military injuries. See also Battlefield Advanced

Trauma Life Support (BATLS) 2005™

course
anesthetic management, 348

monitoring, 355
planning, 349–350
regional anesthesia, 352–354

in thromboprophylaxis, 354–355
techniques, 350
types of anesthesia, 350

general, using volatile agents, 350–351
recipe example, 351–352
total intravenous anesthesia, 351

ballistic casualty resuscitation, 346
improved explosive devices (IED), 346
sniping, 346

catastrophic hemorrhage, 346–347
airway/cervical spine control, 346–347
breathing, 347
circulation/hemorrhage control, 347–348
disability, 348
environment, 348
hemostatic resuscitation, 348

military environment, 343–346
approach to deployed medicine/surgery,

344–345
casualty density, 344
dangers to field medical units, 343–344
environmental austerity, 344
populations description, 345
receiving casualties, 345

clinical preparation, 345
information passage/task allocation,

345
logistic preparation, 345

special considerations, 345–346
supply limitations, 344
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mivacurium, 148
monitoring of trauma patients

basic standards, 81–82
bispectral index (BIS), 95–96
central venous pressure, 92–94

PA catheter, 93–94
cerebral oximetry, 96–97
circulation, 87–92

arterial pulse contour analysis, 89–92
blood pressure, 89
electrocardiogram, 87

electroencephalogram, 95
evoked potentials, 96

motor evoked potentials, 96
somatosensory evoked potentials, 96

intracranial pressure, 95
neurologic monitoring, 95
oxygenation, 82–84

blood gas analysis, 83–84
inhaled/exhaled gas analysis, 84
pulse oximetry, 82–83

PAOP, 92
temperature, 94–95
transesophageal echocardiography (TEE), 94

urine output, 94
traumatic brain injury (TBI), 175–178
ventilation, 84–87

end-tidal CO2 analysis, 84–85
precordial/esophageal stethoscope, 85–86
ventilator settings/alarms, 86–87

Monroe-Kellie Doctrine, 180
Morh, J. J., 584
mortality associations

abdominal trauma, 167
age relation, 107
airway management, 49
albumin vs. saline resuscitation, 104
burn injuries, 322, 327, 330
cardiac tamponade, 262
coagulopathy, 110, 348
damage control surgery, 440
decreased, from seat belt usage, 156
delayed diaphragmatic tear diagnosis, 161
diffuse axonal injury, 174
fetal, from maternal shock, 161
from focal/diffuse lesions, 172
glucose-containing solutions, 102, 222
great vessel trauma, 269
head trauma, 380
high-energy transfer wounds, 347
hip fractures, 182, 249, 395
hypothermia, 112, 348, 433, 448, 455, 458
improvements, from cerebral saturation

measurements, 97
intraoperative hypotension, 181
massive transfusion protocol, 130
maternal/perinatal, 405
myocardial contusion, 281
PA catheters, 94
pain, 225
pelvic fractures, 229, 231, 246, 249
penetrating trauma, 287
perioperative, and anemia, 107
pulmonary complications, 394
religious refusal of transfusions, 106
rib fractures, 294
subdural hematomas, 172–173

transfusions, 110, 326
traumatic brain injury, 182

motor evoked potentials (MEPs), 96
motor neuron injuries

lower, 204
upper, 204

motor vehicle accidents (MVAs)
air bags, 1
alcohol/narcotics causation, 1
causative for aortic transection, 283
children, 1
down and under approach, 2
and maternal trauma, 404–405
motorcycles

collisions mechanisms, 4
collisions statistics, 3–4

pedestrian vehicle collision, 4
rear impact/whiplash, 2
safety belts, 1
side collisions, 3
steering wheel-chest impact, 280
unintentional, 2–3

categories, 2
up and over patterns, 2

multimodal analgesia, 472
multiple organ failure (MOF), 109, 437

from inflammation, 229, 433
from transfusions, 109–110, 123

Murray, O. J., 108
musculoskeletal emergencies, 229–235

life-threatening, 226, 229–232
long bone fractures, 231–232
pelvic ring injuries, 229–231

limb-threatening, 232–235
compartmental syndrome, 234–235
traumatic amputation, 232–233
vascular injury, 233–234

musculoskeletal problems, urgent,
235–239

complicating factors
NPO status, 240
spine protection, 239–240

surgery within 6-8 hours, 235–236
dislocations, 236
displaced femoral neck fracture/young

adults, 236
open fracture, 235–236
traumatic arthrotomy, 236

surgery within 24 hours, 236–239
proximal femoral fracture in elderly,

238–239
femoral neck fractures, 239
intertrochanteric fractures, 239

unstable pelvis/acetabulum or femur
fracture, 236–238

musculoskeletal trauma
timing of care, 226–229

active vs. sub-acute injuries, 226
damage control orthopedics, 229
decision-making process, 227–228
provisional vs. definitive fixation,

226–227
two-hit organ dysfunction model, 229

trauma management, primary, 228
laboratory, 228
physiologic, 228
scoring systems, 228

trauma management, secondary, 228–229
nutrition, 229
soft tissues: swelling wounds, 228

treatment goals, 225–226
enhanced mobility, 226
pain relief, 225–226
restoration of function, 226
resuscitation, 225
stability/alignment, 226

myocardial contusion. See blunt cardiac trauma
(myocardial contusion)

myocardial ischemia, 4, 55–56

narcotics
antihistamine influence on, 537
fentanyl/remifentanil with muscle relaxant,

378, 382
influence on upper airway muscles, 248
intravenous, nurse-managed, 529
lipophilic, in epidureal space, 479
motor vehicle related injuries, 1
with nitrous oxide, for monitoring SSEPs,

251
nasal intubation, 220

blind intubation technique, 28–29
under FOB guidance, 45

National Date Trauma Bank, 457
NDMRs. See nondepolarizing muscle relaxants

(NDMRs)
neostigmine, 150, 482
nerve agent intoxication, 480
nervous system. See autonomic nervous system;

central nervous system
neuraxial hematomas, 287
neurologic exam

eye exam/GCS components, 188
for pediatric injury, 372–373
recuronium, in lieu of (for 60–90 minutes),

175
for traumatic brain injury, 175

neurologic injury patterns, spinal cord trauma,
202–205

anterior cord syndrome, 205
Brown-Sequard syndrome, 205
central cord syndrome, 205
congenital cervical stenosis, 202
conus medularis injury, 204
lower motor neuron injuries, 204
upper motor neuron injuries, 204

neuromuscular blocking agents, clinical use,
151–152

intubation for anesthesia, 151–152
intubation in emergency setting, 151–152

burns, 152
extensive trauma, 152
first line drug, 151
full stomach, 152
open eye injury, 151
raised intracranial pressure, 151
spinal cord injury, 152
succinylcholine alternatives, 152

maintenance of neuromuscular relaxation, 152
in pediatric TBI, 191–192

neuromuscular blocking agents, depolarizing,
144–147

mechanisms of action, 144
succinylcholine, 144–147, 362–363
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neuromuscular blocking agents,
nondepolarizing, 147

characteristics, 148
duration of action, 148
onset time, 148
potency, 148

classification, 148–150
intermediate acting

atracurium, 148–149
cisatracurium, 149
vecuronium, 149

long-acting
doxacurium, 150
pancuronium, 150

short acting
mivacurium, 148
rapacuronium, 148

ultra-short acting: gantacurium, 148
mechanism of action, 147

neuromuscular blocking agents, pharmacology
of

depolarizing agents, 144–147
mechanisms of action, 144
succinylcholine, 144–147

in hypovolemia/reduced cardiac output, 144
nondepolarizing agents, 147

characteristics, 148
mechanism of action, 147

rapid sequence induction, 142–143
cricoid pressure, 143
drug injection, rapid, 143
intubation, 143
no manual ventilation, 143
pre-oxygenation, 142–143

neuromuscular blocking agents, reversal agents,
anticholinesterase agents, 150–151

edrophonium, 150–151
neostigmine, 150
pyridostigmine, 150–151

extubation criteria, 150
selective binding agents

sugammadex, 151
nicardipine, 285
nitroxyparacetamol (nitroacetaminophen), 531
non-invasive positive pressure ventilation

(NIPPV), 467–468
non-opioid analgesia, 339, 384–385, 537
noncardiac thoracic trauma, 289–290

anesthetic considerations, 290–294
esophageal rupture, 293–294
flail chest, 293
laryngeal injury, 290–291
massive hemothorax, 292
open pneumothorax, 292
pulmonary contusion, 292–293
rib, sternum, scapular fractures, 294
tension pneumothorax, 291–292
tracheobronchial injury, 291
traumatic asphyxia, 293

nondepolarizing muscle relaxants (NDMRs),
336

nonsteroidal anti-inflammatory drugs
(NSAIDS), 531

adjuvants, to regional anesthesia, 482
for headaches, 558–559

North American National Trauma Data Bank,
458

one-lung ventilation (OLV), 301–302
equipment, 304–308

airway exchange catheter, 306
bronchial blockers, 306
DTTs, 305–306
endobronchial tubes, 306
ETTs, 305
Univent tubes, 307–308

and hypoxemia, management of, 302
isolation techniques, 303–304, 308

bronchial anatomy, 304
fiberoptic bronchoscopy, 304

physiologic effects, 301–302
postoperative ventilation, 308–310

tube exchangers, 309–310
techniques, 303–308

bronchial anatomy, 304
fiberoptic bronchoscopy, 304

volume control vs. pressure control,
302

open pneumothorax, 292
opioids, 133

administration methods
nebulizer, 533
slow release, 533
transdermal, 533
transmucosal, 533
wound infiltration, 533

for burn injuries, 537
deleterious effects of, 492, 533
effects on immune system, 533
epidural, 477
for headaches, 559
in hemorrhagic shock, 138
remifentanil, 134
role in acute pain management, 532–534
vs. sedative hemodynamics, 134

“Optimal Hospital Resources for the Care of the
Seriously Injured” (American College
of Surgeons Committee on Trauma),
571

oral and maxillofacial trauma
dentoalveolar injuries, 417–419
head and neck infections, 427–428

Ludwig’s angina, 428
odontic origin, 427–428

mandible fractures, 419, 424f
classification, 419, 421f
treatment, 421, 424f

midface fractures, 422–427
classifications, 422, 427f

frontal sinus, 426
naso-orbital ethmoid, 426
nose, 425
zygoma, 425–426

treatment, 426–427
organ injuries, anesthetic/surgical

complications, 160–162
abdominal vascular, 161
diaphragm rupture, 161
hollow organs, 161
pregnancy, 161–162
retroperitoneal, 161
solid organs, 160–161

oropharyngeal hemorrhage, 31
orthopedic trauma, anesthesia considerations

early fracture fixation, 245–246

implications, 246
pelvic stabilization, 246

postoperative care, 254–256
continuous epidural analgesia, 254
nerve block anesthesia, 254–256
patient controlled analgesia, 254

risk factors, 246–248
age, 246–247
body mass index (BMI), 247–248
intoxication, 248
trauma (itself), 246

trauma scenarios, 249–254
battle casualties, 249
blood loss/hemodynamic monitoring,

252–253
compartmental syndrome, 253
fat embolism, 253–254
hip fractures, 249
pelvic fractures, 249–251
spinal injuries, 251–252

osmotic therapy, for TBI, 178
outcome

massive transfusion protocol, 130
traumatic brain injury, 182

oxygen. See also hypoxemia
hyperbaric oxygen, 316
and shock, 56
trauma airway management administration,

10–11
oxygenation

blood gas analysis, 83–84
brain tissue oxygenation, for TBI, 177–178
inhaled/exhaled gas analysis, 84
jugular venous oxygenation, for TBI, 177
during mechanical ventilation, 468
pulse oximetry, 82–83
RSI, preoxygenation, 142–143

Ozdil, T. A., 31

pain. See also inflammation
acute

non-pharmacological management, 538
pharmacological management, 529–536

acetaminophen (Paracetamol), 529–531
alpha-2 agonists, 536
anticonvulsants, 535
antidepressants, 535
benzodiazepines, 536
Entonox, 536
ketamine, 534
local anesthetics, 534–535
multimodal analgesia, 538
nonsteroidal anti-inflammatory drugs

(NSAIDS), 531
opioids, 532–534
tramadol, 534

chronic
complex regional pain syndrome, 548–554

defined, 548
interventional management, 554
pathophysiology, 551–552
patient evaluation, 548–551
treatment, 552

definition, 545–546
evaluation, 546–548
phantom limb pain, 559
post traumatic abdominal pain, 554–555
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pain. (Cont.)
spinal cord injury, 561–567
traumatic brain injury, 555–559
vertebral fracture, 559–561

control of
inadequacies in, 471
for injured children, 384–386
in musculoskeletal trauma, 225–226

management
block procedure documentation, 477
emergency room, 473
pre-hospital, 473

management by trauma type
blunt chest, 479
burn injuries, 479
hip/femoral fractures, 479
phantom limb/stumps, 479–480
traumatic brain injury, 480

mechanisms of, 471–472
nontreatment of, adverse effects, 471–472
patient considerations

geriatric patients, 479
pediatric patients, 477
pregnant patients, 477–479

post-traumatic therapies, 472–473
regional vs. neuraxial blocks, 472

pain controlled analgesia (PCA), 339
pancuronium, 150
Paracetamol (acetaminophen), 529–531
pathophysiology

of burn injuries, 314–315, 322–328
airway, 322–324
cardiac physiology, 325–326
gastrointestinal function/nutrition,

326–327
hematologic changes, 326
immune suppression, 327
liver function, 326
metabolism, electrolyte abnormalities,

thermoregulation, 327
renal function, 327–328
respiratory physiology, 324–325

of shock, 55–58
of TBI in children, 188–191

brain anatomy, 189
primary injury, 189
secondary injury, 189–191

apoptosis, 191
cerebral blood flow, 189
cerebral swelling, 189
excitotoxicity, 189–191
inflammatory response, 191
intracranial hypertension, 189
oxidative stress, 191

of traumatic brain injury, 172
patient-controlled analgesia (PCA), 339, 385
patient preparation

airway management, conventional, 16
airway management, fiberoptic bronchoscopy

analgesia, sedation, antisialagogue, 32
FOB positioning, 32
local anesthesia/vasoconstriction, 32–33

fiberoptic bronchoscopy
FOB positioning, 32
local anesthesia/vasoconstriction, 32–33

pedestrian-vehicle collisions, 4
pediatric patients

acute postoperative pain management,
384–386

bone injuries, 384
eye trauma, 361–362
succinylcholine dose/side effects, 146
treatment challenges of, 537–541

pediatric patients, abdominal trauma, 382–383
from blunt trauma injuries, 382
post-traumatic paralytic ileus, 383
retroperitoneal injuries, 383

pediatric patients, anesthetic considerations,
374–380

emergence/postoperative conditions, 380
induction of anesthesia, 375–377
intraoperative management, 374–375
maintenance of anesthesia, 377–380

maximum allowable blood loss calculation,
379

monitoring, 375
preoperative evaluation, 374

pediatric patients, assessment and management,
367–374

primary survey, 367–374
airway with C-spine control, 367–371
breathing and ventilation, 372
cervical spine injury, 371–372
circulation and hemorrhage control,

372–373
disability/neurologic evaluation, 373
exposure/environmental control,

373–374
vascular access, 373

secondary survey, 374
pediatric patients, head trauma

anesthetic concerns, 380–382
from child abuse, 380
cranial epidural hematomas, 380
ICP variance, 380

pediatric patients, thoracic trauma, 383–384
cardiac contusion, 383
lung injuries, 383
oxygenation considerations, 384
pneumothorax, 383
vs. penetrating injury, 383

pediatric patients, traumatic brain injury (TBI)
causes, 187
clinical presentation, 187–188
management, 191, 196f

barbiturate-induced coma, 195
cerebral spinal fluid drainage/

decompressive craniectomy, 194
head positioning, 197
hyperosmolar therapy, 192–193
hyperventilation, 193
hypothermia, 193–194
ICP monitoring, 191
sedation and neuromuscular blockade,

191–192
seizure prophylaxis, 195–197
steroid avoidance, 193

pathophysiology, 188–191
brain anatomy, 189
primary injury, 189
secondary injury, 189–191

apoptosis, 191
cerebral blood flow, 189
cerebral swelling, 189

excitotoxicity, 189–191
inflammatory response, 191
intracranial hypertension, 189
oxidative stress, 191

pelvic fracture
and abdominal trauma, 162
bleeding problems, 231
early pelvic stabilization, 246

pelvic hematomas, 250
pelvic ring injuries, 229–231
pelvis radiograph

for abdominal trauma, 158
penetrating abdominal trauma, 156–157
penetrating cardiac trauma, 260–264, 281–283

anatomy/physiology, 261
anesthetic management, 281
cardiac tamponade, 93, 261
clinical features, 261–262
diagnostic strategies, 262

central venous pressure measurements, 262
pericardiocentesis, 262
subxiphoid pericardial window, 262
ultrasonography, 262

management, 262–264
hemorrhage control/surgical mgt.,

263–264
initial, in emergency dept., 262
thoracotomy, airway control/anesthesia,

263
thoracotomy, in emergency dept., 263
thoracotomy, surgical techniques, 263

mortality rates, 281
penetrating trauma mechanisms, 5

bullets, types of, 6
explosive munition injury, 6
low energy transfer sharp elements

knives, 5, 283
swords, 5

projectiles, 5–6
perfusion

cellular hypoperfusion, 55–56
cerebral, TBI pressure management, 178
lower body perfusion, 272–273

peri-mortem cesarean delivery, 412–413
pericardiocentesis, 262
pericardiotomy, 269
perioperative hypothermia, 446–448, 457–458
periorbital hematomas, 45
peripheral intravenous catheters (PIV), 69
periumbilical ecchymosis (Cullen sign), 158
phantom limb/stump pain, 479–480, 559
pharmacodynamics (PDs)

of anesthetics in burn injuries, 335
of blood loss, 134–135

clinical implications, 135–138
PK profile, 135

of colloid formations, 104
hepatic influence on, 485
of propofol and opioids, 352
of tramadol, 534

pharmacokinetics (PKs)
of blood loss, 133–135

clinical implications, 135–138
PK profile, 133–134

described, 143
front-end pharmacokinetics, 143
of FVIIa, 109
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pharmacological care
adjuvants, to regional anesthesia, 481–482

clonidine, 482
hyaluronidase, 482
ketamine, 482
neostigmine, 482
non-depolarizing muscle relaxants, 482
NSAIDS, 482
opioids, 482
sodium bicarbonate, 482
tramadol, 482
vasoconstrictors, 482
verapamil, 482

for burn injuries, 319
EMLA® cream, 537
mafenide acetate cream, 319
nonopioid adjuvants, 537
opioids, 537
silver sulfadiazine, 319
topical anesthetics, 537

depolarizing agents, 144–147
mechanisms of action, 144
succinylcholine, 144–145, 147, 362–363

with hypovolemia/depressed cardiac output,
143–144

neuromuscular blocking agents
rapid sequence induction, 142–143

cricoid pressure, 143
drug injection, rapid, 143
intubation, 143
no manual ventilation, 143
pre-oxygenation, 142–143

nondepolarizing agents, 147, 482
characteristics, 148
mechanism of action, 147

for TBI, 180
traumatic brain injury, 180

plasma cholinesterase, 144–145, 148, 152, 480
platelet function analyzers (PFAs), 128
pneumothorax

in blunt cardiac trauma, 268
causative

for blood flow obstruction, 61
for PEA, 87

in chest trauma, 55, 158, 215, 347
complications

inter-pleural analgesia, 479
internal jugular cannulation, 73, 373
peripheral arterial cannulation, 75
regional anesthesia, 484
supraclavicular brachial plexus block, 474,

484
and decreased FRC, 11
in knife wounds, 290
open, 292
in pediatric patients, 383
tension pneumothorax, 45, 160, 261, 288,

291–292
ultrasound identification of, 520–521

posterior ischemic optic neuropathy (PION),
363–364

postive end-expiratory pressure (PEEP), 335, 383
avoidance, in pneumothorax, 291
decrease, in abdominal compartment

syndrome, 167
increase

in burn injuries, 335

in myocardial contusion, 281
in smoke inhalation, 325

induction of parenchymal damage, 466
ITACCS recommendations, 468–469
for lung contusion, 383

postmortem cesarean delivery, 161, 411–413
Powell, W. F., 31
Practice Management Guideline for the

Geriatric Patient (EAST Workgroup),
397–399

pre-curatization, of succinylcholine, 147
precordial/esophageal stethoscope, 85–86
pregnant trauma patients

airway management, 409–410
anesthetic management, 409
cesarean delivery

complications, 412–413
peri-mortem, 412–413
postmortem, 161, 411–413

Four Minute Rule, 162
initial care of, 406–408

hospital care, 406–408
prehospitalization, 406

mechanisms of injury, 405–406
abdominal trauma, 161–162
blunt injury, 405
burn injuries, 405–406
penetrating injuries, 405

medications for, 410–411
physiologic changes of, 402–404

cardiovascular system, 403–404
gastrointestinal system, 404
hematologic changes, 404
pulmonary system, 404
renal/genitourinary changes, 404

trauma types
drugs/alcohol, 404
minor trauma, 405
motor vehicle accidents, 404–405

preoxygenation
during airway trauma management, 10–11
rapid sequence intubation (RSI), 11

Pringle maneuver, for abdominal trauma
surgery, 166

proctosigmoidoscopy, for abdominal trauma,
160

projectile-induced trauma, 5–6. See also blast
injuries; penetrating abdominal
trauma

propofol, 164
actions, 135, 143
for blood loss resuscitation, 136–137
effect site concentration thresholds, 135
end organ sensitivity to, 135
PK profile, 133–134

ProSeal™ LMA, 23
prothrombin time, monitoring of, 108
pulmonary artery occlusion pressure (PAOP),

monitoring, 92
pulmonary artery (PA) pressure, decrease during

pregnancy, 403
pulmonary contusion, 292–293
pulmonary system

of elderly patients, 394
of pregnant patients, 404

pulse oximetry, 12, 32, 82–83, 316, 333, 487
pyridostigmine, 151

Quinn, James, Brian, 584

radiology (interventional), for damage control in
severe trauma, 435–436

rapacuronium, 148
rapid sequence induction, 16, 142–143

cricoid pressure, 143
drug injection, rapid, 143
intubation, 143
no manual ventilation, 143
pre-oxygenation, 142–143

rapid sequence intubation (RSI), 11, 142, 149
field use controversy, 174
modified technique, 19–20
principles, rigid direct laryngoscopy, 19
succinylcholine as gold standard for, 217
tracheal intubation via, 323

rectal examination, in abdominal trauma, 158
red blood cell transfusions, 106–108
Refaai, Majed A., 130
regional techniques, of anesthetic management

brachial plexus block
around clavicle, 474–475
axillary, 475

complications of, 482–485
compartmental syndrome, 484–485
diaphragm weakness, 484
Horner’s syndrome, 484
infections, 485
intravascular injection, 484
pneumothorax, 484
technical issues, 485
vascular injury, 484

epidural opioids, 477
fascia iliaca block, 476
femoral nerve block, 475–476
fracture infiltrations, 477
head and neck blocks, 477
interscalene brachial plexus block, 474
IV regional anesthesia, 133, 476–477
limitations of, 485–487
lower limb

fascia iliaca block, 476
lumbar plexus block, 475
psoas compartment block, 475
saphenous nerve block, 476
sciatic nerve block, 476

ankle block, 476
nerve localization techniques

nerve stimulators, 480
ultrasound guidance, 480–481

patient follow-up, 487
at home, 487–492

pharmacologic adjuvants, 481–482
clonidine, 482
hyaluronidase, 482
ketamine, 482
neostigmine, 482
non-depolarizing muscle relaxants, 482
NSAIDS, 482
opioids, 482
sodium bicarbonate, 482
tramadol, 482
vasoconstrictors, 482
verapamil, 482

recent advances, 492
special trauma types
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regional techniques, of anesthetic
management (Cont.)

blunt chest trauma, 479
burn injuries, 479
complex regional pain syndrome, 480
digit reimplantation, 480
hip/femoral fractures, 479
phantom limb/stump pain, 479–480
traumatic brain injury, 480

ultrasound, 503–512
upper limb nerve blocks, 473
wrist blocks, 475

remifentanil, 134, 149, 221, 363, 378
in hemorrhagic shock, 138
and IOP, 363
with propofol, 351

renal function
and aging, 394
and pregnancy, 404

RESCUE ICP, controlled TBI study, 180
rescue modalities, back-up, 9
“Resources for Optimal Care of the Injured

Patient” (ACS), 571, 573
respiratory physiology, 324–325
resuscitation

from abdominal trauma, 158
American Heart Association guidelines, 76
of ballistic casualties, 346
from blood loss, 136–138
of brain, 103
of burn injuries, 315–318
endpoints of, 113
fluid

for shock, 61–64
timing/aggressiveness, 101–102

initial, in TBI, 174
maternal resuscitation, 161
from musculoskeletal trauma, 225
in TBI, 174
use of propofol, 136–137

retrograde urethrogram, for abdominal trauma,
160

retrograde wire blind intubation technique, 31
retroperitoneal hematomas, 161, 438
retroperitoneal hemorrhage, 155, 158
reversal agents

anticholinesterase agents, 150–151
neostigmine, 150
pyridostigmine, 151

rewarming techniques, for hypothermia, 433,
448–449

forced air-warming, 449
Reynolds, M. A., 227
rigid direct laryngoscopy, 18–21

drug-assisted intubation w/spontaneous
ventilation, 20–21

in-line cervical immobilization, 18–19
RSI principles, 19

modified technique, 19–20
risk factors

for abdominal compartment syndrome,
438–439

for acute lung injury, 465
for acute respiratory distress syndrome,

466–467
of blood therapy, 113
of cannulation, 373, 459

of massive transfusion protocol
coagulopathy, 124, 128
crystalloid load, 124
Hepatitis B, 123
immune system, 123
inflammation/infection, 123

of orthopedic trauma, anesthetia
considerations, 246–248

age, 246–247
body mass index (BMI), 247–248
intoxication, 248
trauma (itself), 246

of trauma management, 9
Royal College of Anesthetists, 81

Sarode, Ravinda, 130
school shootings, 4
SCIWORA. See spinal cord injuries, without

radiographic evidence of abnormality
(SCIWORA)

seatbelt sign indicator, in blunt abdominal
trauma, 156

sedative hypnotics, 133
Seldinger technique, 26, 71–72
selective binding agents

sugammadex, 151
Sellick maneuver (cricoid pressure), 19, 44
senescent physiology. See aging, physiology of
sepsis, 50, 226

bacterial caused, 123, 131
from barbiturate coma, 180
catheter related, 76
as cause of late death, 160
post-splenectomy, 160, 165–166
postoperative, 167
shock arising from, 55–56
systemic shunt like, 94
and transfusions, 110

shock
ACS definition, 75
adjuvant therapies, 64–65

body temperature preservation, 64–65
hyperchloremic metabolic acidosis,

avoidance, 65
hyperglycemia treatment, 65
plasma composition monitoring, 65
pro-/anti-inflammatory agents, 65

definition (ACS), 75
diagnosis, 58–61

appearance/mental status, 59
bleeding, 61
cause identification/correction, 60–61
continuous monitoring, 60
lab tests, 59–60
pulse pressure, 59

fluid resuscitation, 61–64
and bleeding, 62
patients in extremis, 64
quality of intravenous expanders, 62–63
transient responders, 63–64

pathophysiology, 55–58
brain/spinal cord, 55–56
cardiac function, 56
cellular hypoperfusion, 55–56
pulmonary tissue, 56
systemic inflammatory response syndrome

(SIRS), 58

skin, muscle, bones, 57–58
splanchnic circulation, 56–57
triggers, 55

side effects
of anticholinesterase agents, 150
of clonidine, 482
of full dose IV anesthetics, 133
of ketamine, 352
of long acting drugs, 150
of neostigmine, 482
of NSAIDs, 385
of opioids, 492, 533
of perioperative hypothermia, 447–448
of pharmacological adjuvants, 482
of rapid drug injection, 143
of regional blocks, 482
of spinal/epidural anesthesia, 164
of steroid treatment, 206
succinylcholine, 144–146

sinus tachycardia, 268, 281
SIRS (systemic inflammatory response

syndrome), 58, 229, 433
skin issues

in burn injuries
alternative care management, 333
grafting and excision, 332–333
topical wound care, 331–332

skull fracture, basilar, 16, 45, 172, 371, 452
sodium nitroprusside (SNP), 285
somatosensory evoked potentials (SSEPs), 96,

251
spinal cord injuries, 251–252

clinical manifestations, 217
comorbid injuries, 215–217
management

airway, 217
hemodynamic stabilization, 218–219
radiologic evaluation, 219
steroid usage, 219–220

pain management, 561–567
prevalence/etiology, 213
and shock, 55–56
spinal cord anatomy, 213
types of injury, 213–215

ASIA classification, 215
central, anterior, posterior, Brown-Séquard,

214–215
primary, 213–214
secondary, 214

without radiographic evidence of abnormality
(SCIWORA), 372

spinal cord trauma, surgical considerations
complications of anesthesia, 222

late issues, 222
postoperative visual loss, 222

intraoperative management, 220–222
anesthetic induction, 220
anesthetic technique, 220–221
glucose management, 222
neuromonitoring, 221
patient positioning, 222
temperature monitoring, 222

neurologic injury patterns, 202–205
Brown-Sequard syndrome, 205
central cord syndrome, 205
congenital cervical stenosis, 202
conus medularis injury, 204
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lower motor neuron injuries, 204
upper motor neuron injuries, 204

surgery, 205–211
decompression of neurological elements,

208–210
imaging studies, 208
stabilization, 210–211
steroid administration, 206–207
timing, 207, 220
unique considerations, 207–208

spine fractures (cervical), 4
spleen injuries, 4
SSEPS (somatosensory evoked potentials), 96
“Standards for Basic Anesthetic Monitoring”

(ASA), 81
steroid use

for spinal cord injuries, 219–220
for spinal cord trauma, 206–207
for TBI, 180

avoidance in pediatric TBI, 193
CRASH trial, 180

stethoscope, precordial/esophageal, 85–86
subarachnoid hemorrhage, 87, 105, 408
subdural hematoma, 172–173, 380
subxiphoid pericardial window, 262
succinylcholine, 144–147

for burn injuries, 323
contraindications, 146, 377
controversies, 147
during endotracheal intubation, 377
and eyes, 362–363
indications, 147
mechanism of action, 144, 151
nonuse, for TBI, 175
onset/duration, 145
pharmacology, 145
plasma cholinesterase, 144–145
during RSI, 19, 218–219, 377
side effects, 145–146

in pediatric patients, 146
uncommon, 146

special considerations, 146–147
vs. mivacurium, 148

sufentanil, 221, 363
sugammadex, 151
supraglottic hematomas, 16
surgical considerations

for aortic transection, 285, 287
for blast injuries, 289
damage control, 431–432
for emergency dept. thoracotomy, 263
for open surgery, for blunt thoracic aortic

injury, 272
surgical considerations, for burn injuries, 331–333

alternative skin care management, 333
escharotomies, 332
grafting/excision, 332–333
intraoperative management, 333–337

anesthesia
induction/maintenance, 335–336
pharmacokinetics/pharmacodynamics,

335
blood loss estimation, fluid resuscitation,

336–337
monitors and Foley catheter, 333–334
thermal regulation, 334
ventilation, 334–335

postoperative management, 337–339
continued sedation/analgesia, 339
extubation criteria/tracheotomy placement,

337–338
transport and monitors, 338–339

preoperative management, 328–331
blood platelet preparation, 331
burn types, 328–330
fasting guidelines, 328
history/physical, 328
intravenous access, 330
labs, 330
pre-medication, 330

topical wound care, 331–332
surgical considerations, for difficult airway

cricothyroidotomy, open, 26–27
cricothyroidotomy, percutaneous,

25–26
tracheostomy, 27–28

surgical considerations, for spinal cord trauma
neurologic injury patterns, 202–205

anterior cord syndrome, 205
Brown-Sequard syndrome, 205
central cord syndrome, 205
congenital cervical stenosis, 202
conus medularis injury, 204
lower motor neuron injuries, 204
upper motor neuron injuries, 204

surgery, 205–211
decompression of neurological elements,

208–210
stabilization, 210–211
steroid administration, 206–207
timing, 207
unique considerations, 207–208

systemic inflammatory response syndrome
(SIRS), 58, 229, 433

T-Line Tensymeter, 89
TAA disease. See thoracic aortic aneurysmal

(TAA) disease
tachycardia, sinus, 268, 281
TBI. See traumatic brain injury (TBI)
teamwork, in trauma

acquiring expertise, 581–582
naturalistic decision vs. normative decision

theory, 581
situation awareness, 582

adherence to ATLS principles, 580
incorporation of protocols, 585
medical domain training, 580–581

evaluation methods, 582–583
multidisciplinary composition, 580–581
organizational environment/microsystems,

584–585
quality/approach to training, 585
research recommendations

longer term, 586
nearer term, 586

teams, defined, 580
training simulations, 583–584

PC-based/real patients, 583–584
temporomandibular joint (TMJ) pain, 558
tension pneumothorax, 45, 55, 291–292
thermoneutral zone (TNZ), 445–446
thermoregulation/thermal management. See also

hypothermia entries

effects of anesthesia/surgery, 446–448
fluid/blood warmers, 450–451
forced air-warming techniques, 449
in humans, 445–446
perioperative hypothermia, 446–448,

457–458
rewarming techniques, 433, 448–449, 459
role of “hibernation,” 445
temperature monitoring, 94–95, 451–453

bladder, 453
distal esophagus, 451
intracranial pressure, 95
nasopharyngeal, 451–452
neurologic monitoring, 95
during pediatric examination, 373–374
pulmonary artery, 452
rectum, 453
sublingual, 453
tympanic membrane (ear), 452–453

thiopental, 143
thoracic aortic aneurysmal (TAA) disease, 283
thoracic aortic injury, blunt, 272–274, 283–285

anesthetic considerations, 285–287
cardiac β-adrenergic blockade, 285
dexmedetomidine, 286
esmolol/sodium nitroprusside, 285
fenoldopam, 285–286
nicardipine, 285

clamp-and-sew, 272
DeBakey classification, 283–284
diagnostic modalities, 284–285
lower body perfusion, 272–273
surgical approach, 285, 287
thoracic endovascular repair, 273–274

thoracic epidural analgesia (TEA), 287
thoracic trauma, noncardiac, 289–290, 536–537

anesthetic considerations, 290–294
esophageal rupture, 293–294
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laryngeal injury, 290–291
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open pneumothorax, 292
pulmonary contusion, 292–293
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tension pneumothorax, 291–292
tracheobronchial injury, 291
traumatic asphyxia, 293

thoracotomy, in emergency dept.
airway control/anesthesia, 263
decision making for, 263
surgical techniques, 263

thrombin burst, 109, 128
thrombocytopenia, dilutional, 108, 433
thromboelastograms (TEGs), 128
topical antibiotics

advances in, 319
for burn injuries, 331–332

tracheobronchial injury, 291, 316
transcatheter arterial embolization (TAE), 435
transcranial Doppler, for TBI, 182
transesophageal echocardiography (TEE), 94,

101, 159, 271, 514
for abdominal trauma, 159, 522–523
for aortic transection, 284–285
for blunt cardiac trauma, 281, 523
for cardiac tamponade, 523–524
urine output, 94
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transfer, of patients to trauma centers, 575–576
transfusion related acute lung injury (TRALI),

112, 440
transfusion-transmitted vCJD (variant

Creutzfeldt-Jacob Disease), 113
transfusions, of red blood cells, 106–108

complications, 110–112
leuokoreduced blood, 111–112
massive transfusions (See massive transfusion

protocol (MTP))
platelet preparation for burn injuries, 331

transthoracic echocardiography, 514
transtracheal jet ventilation (TTJV), 9, 21, 25
trauma, demographics. See also motor vehicle

accidents
alcohol, 1
falls, 4
fire and burn deaths, 4
fire costs, 4
firearm-gunshot deaths, 4
motor vehicle related injuries, 2–3
motorcycles

collisions mechanisms, 4
collisions statistics, 3–4

pedestrian vehicle collision, 4
traumatic brain injury (TBI), 4

trauma-associated hypothermia, 456–460
clinical implications, prevention, rewarming

options, 458–460
damage control surgery/ICU treatment, 460
definitions, predisposing factors, incidence,

456–458
Trauma Coma Data Bank, 182
trauma systems, 569–573

components of, 571
disaster preparedness, 569
Emergency Medical Services, 569
inclusive/exclusive, 569–570
level I center, 572
level II center, 572
level III center, 572–573
level IV center, 573
transfer of patients to, 575–576

trauma triage, 573–575
on-line/off-line medical direction, 573–576
overtriage/undertriage, 573
prehospital, CDC standards, 573

traumatic brain injury (TBI), 4, 95
airway/breathing management, 174–175
circulation considerations, 175
CRASH steroid trial, 180
difficult intubation scenario, 38–41
initial resuscitation, 174
monitoring, 175–178

brain tissue oxygenation, 177–178
computed tomography, 175–176
intracranial pressure, 176–177
jugular venous oxygenation, 177

neurologic exam, 175
outcome, 182
pain management, 555–559
pathophysiology, 172
primary injury, 172–174

cerebral hematoma/contusion, 173
diffuse axonal injury, 173–174

epidural hematoma, 173
skull fracture, 172
subdural hematoma, 172–173

RESCUE ICP, controlled study, 180
secondary injury, 174
and shock, 61, 65

traumatic brain injury (TBI), anesthetic
management, 180–182

emergent surgery, 180–182
neurosurgical, 180–181
non-neurosurgical, 181–182

non-emergent surgery, 182
traumatic brain injury (TBI), in pediatric

patients
clinical presentation, 187–188
management, 191, 196f

barbiturate-induced coma, 195
cerebral spinal fluid drainage/

decompressive craniectomy, 194
head positioning, 197
hyperosmolar therapy, 192–193
hyperventilation, 193
hypothermia, 193–194
ICP monitoring, 191
sedation and neuromuscular blockade,

191–192
seizure prophylaxis, 195–197
steroid avoidance, 193

pathophysiology, 188–191
brain anatomy, 189
primary injury, 189
secondary injury, 189–191

apoptosis, 191
cerebral blood flow, 189
cerebral swelling, 189
excitotoxicity, 189–191
inflammatory response, 191
intracranial hypertension, 189
oxidative stress, 191

traumatic brain injury (TBI), management
principles, 178–180

coagulopathy, 179
crystalloid vs. colloid, 179
decompressive craniectomy, 180
electrolyte disturbance, 179
glycemic control, 179
hypothermia, 179–180
intracranial pressure/cerebral perfusion

pressure, 178
osmotic therapy, 178
for pain, 555–559
pharmacology, 180
steroid use, 180
ventilation, 178–179

traumatic coagulopathy syndrome,
460

Traumatic Coma Data Bank, 172
triage. See trauma triage
trichloroethylene analgesia, 350
triggers, of shock, 55

ultrasound. See also Focused Assessment with
Sonography for Trauma (FAST);
transesophageal echocardiography
(TEE)

for abdominal trauma, in pregnancy, 161
equipment, understanding, 514–515
getting started, 524–526
of nerve probes, 500

appearance of nerves, 500–502
peripheral nerve injury, 502–503
roles of, 499–500
techniques, in regional anesthesia, 503–512

angulation, 503–504
axillary block, 506–508
below knee blocks, 509
brachial plexus examination, 504–505
epidural anesthesia, 510
femoral nerve, 508–509
femoral venous puncture, 511
infraclavicular venous puncture, 511–512
intercostal/paravertebral blocks, 510
interscalene block, 505
jugular venous puncture, 510–511
lumbosacral plexus examination, 508
needle visualization, 504
probe movement, 503
psoas compartment block, 509
supraclavicular block, 505–506
vascular access, 510

for thoracic trauma, 262
uses during trauma anesthesia, 514
vascular injury, 503

urethrogram, retrograde, for abdominal trauma,
160

vaginal examination, in abdominal trauma,
158

variant Creutzfeldt-Jacob Disease
(transfusion-transmitted vCJD), 113

vascular access
central venous catheters, 70–73

femoral vein cannulation, 70–72
internal jugular vein cannulation, 72–73

intraosseous (IO) access, 76–77
in pediatric patients, 373
peripheral arterial cannulation, 75–76
peripheral intravenous catheters (PIV), 69
subclavian vein cannulation, 73–75

vecuronium, 149
ventilation

end-tidal CO2 analysis, 84–85
precordial/esophageal stethoscope, 85–86
ventilator-associated lung injuries, 466
ventilator settings/alarms, 86–87

ventilation and intubation equipment, 11
ETTs, 11
facemasks, 11, 16
nasal airways, 11
rigid direct laryngoscope, 11, 18–21

vertebral fracture, pain management,
559–561

video-assisted thorascopic surgery (VATS), 289,
306

von Willebrand-like syndrome, 104, 109

Waters, Ralph, 31
whiplash, 2
World Congress on Abdominal Compartment
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